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The development of increasingly advanced technologies has contributed to 
substantial progress in the diagnosis, treatment, and research of many derma-
tologic diseases in the last decades. Sophisticated equipment such as laser 
and in vivo reflectance confocal microscopy, methodologies such as photody-
namic therapy, and biological products such as acellular deepidermized der-
mis, stem cells, and in vitro expanded epidermis have progressively led to the 
identification and construction of a new and more effective approach to the 
management of dermatological patients suffering from complex diseases like 
epithelial and melanocytic tumors, pigmentation disorders, and loss of skin 
substance. This book aims to offer the medical reader and dermatologists, in 
particular, a consultation tool capable of presenting the huge amount of data 
that has been gradually accumulated in recent years clearly and 
synthetically.

Particular attention has been paid to the progress of technological innova-
tions in the field of prevention, diagnostics, and treatment of some diseases 
such as chronic ulcers and epithelial tumors which are increasing in frequency 
and are becoming more severe due to the progressive increase in the average 
age of the population.

To make the consultation of the text easier and more effective, the various 
topics have been grouped by the affinity of their content into four main sec-
tions: Imaging techniques for skin diseases, Laser and light sources technolo-
gies in dermatology, Technological advances in wound management, and 
New tools for dermatologic diagnosis. The drafting of every single chapter, 
entrusted to experts with proven experience in the field, has been designed to 
provide the reader with a complete overview of the most significant progress 
made in recent years on specific issues, clearly highlighting the rational bases 
of use of many new technologies, their main indications, and their usefulness 
not only in the research field but, above all, in clinical practice.

Siena, Italy Michele Fimiani
 Pietro Rubegni
 Elisa Cinotti
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1.1  Introduction

The term “dermoscopy” (or dermatoscopy) refers 
to the noninvasive examination of the skin using 
skin surface microscopy. Dermoscopy allows the 
rapid and magnified observation of structures in 
the epidermal and dermal layers otherwise not 
visible to the naked eye [1]. Therefore, it repre-
sents a valid tool for visualization of pigmented 
and non-pigmented lesions [2–5] and for the 
early detection of skin cancers [2, 6]. Indeed, 

when compared with naked eye examination, 
dermoscopy is believed to increase sensitivity in 
melanoma detection up to 25% depending on 
physicians experience and trainee [3, 7–10]. 
From the late 1960s, the diagnosis of skin tumors 
stimulated the progressive technologic improve-
ment of dermoscopes and their diffusion in clini-
cal setting and, in parallel, research besides 
dermoscopic imaging. Since 2000, the use of der-
moscopy spread to several dermatological fields 
[11], including a growing variety of cutaneous 
conditions ranging from inflammatory [12, 13], 
autoimmune [14], granulomatous [15], and infec-
tious diseases [12–14] to skin adnexa and oral/
genital mucosae [16, 17]. Furthermore, dermo-
scopic examination was successfully applied in 
monitoring dermatological chronic conditions 
[18–20] and assessment of treatment efficacy, 
either topical [19–22] or system [23–25] or pho-
totherapic treatments [19, 26].

Nowadays, other noninvasive diagnostic tech-
niques (e.g., in vivo reflectance confocal micros-
copy and optical coherence tomography) have 
been developed for skin examination, allowing 
better resolution and higher specificity then der-
moscopy [5, 8, 27, 28]. However, these devices 
are available in a minority of dermatologic cen-
ters because they are more expensive than dermo-
scopes, are less easy and rapid to use, and 
require a longer training in imaging interpreta-
tion [6, 9, 29, 30].
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1.2  History of Dermoscopy

The term “skin surface microscopy” was coined 
in 1663 when Kolhaus first observed nail fold 
vessels with an optical microscope [31]. Ernst 
Abbe realized in 1878 that the application of oil, 
acting as an interface between the skin and the 
lens, could improve the image quality. Since 
then, various terms have been used to describe 
the process of dermoscopy, including “incident 
light microscopy” and “epiluminescence light 
microscopy,” but the term “dermoscopy,” which 
is the most accepted now, was first suggested by 
Friedman et al. in 1991 [32].

The first dermoscopic binocular was produced 
by Zeiss in the mid-twentieth century, and the 
term dermoscopy was coined by Saphier in 1920 
[33]. Dermoscopic studies of pigmented skin 
lesions using different monocular epilumines-
cence tools began with Goldman in the 1940s 
based on the experiences on colposcopy for visu-
alization of the cervical region [34–36]. Then, the 
production of the first portable dermoscope dates 
back to 1958 [36].

In 1971, the routine use of specific oil- 
immersion fluid was recognized to improve qual-
ity and resolution of structure visualization under 
the dermoscopic lens [37]. Then in the late 1980s, 
technical improvement allowed the realization of 
large dedicated dermoscopic devices. Since the 
early 1990s, hand-held devices started to be 
developed for clinical use, all contact dermos-
copy (also called “traditional”) devices. The first 
polarized dermoscope was created in 2001 (3Gen 
DermLite), starting the series of polarized con-
tact/non-contact dermoscopes. In the last few 
years, hybrid devices polarized/non-polarized 
have been created [38, 39].

1.3  Hand-Held Dermoscope: 
Contact, Polarized, Hybrid

Hand-held dermoscope (i.e., an ergonomic device 
which can be easily managed with one/two 
hands) was developed in order to allow a routine 
use in clinical practice, ensuring a rapid and easy 
examination of the lesion in any body area [36].

Generally, a dermoscope is characterized by a 
spherical, achromatic high-quality lens combined 
with a bright halogen beam that allows a magni-
fication ranging from 10× to 20×. The transillu-
minating lightening system uses an incident 
halogen light source that is directed with a 30–45° 
angle [16, 17, 29]. Under normal conditions, 
most of the light that is delivered on the skin sur-
face will be reflected;: this is caused by the differ-
ent refractive of the stratum corneum, which is 
higher than that of the air [19] (Fig. 1.1).

1.3.1  Contact Dermoscopy

In contact dermoscopy, a fluid (mineral oil or 
alcohol) is placed on the lesion to be examined 
before the application of dermoscopic lens. Fluid 
interface eliminates surface light reflection and 
renders the stratum corneum transparent [1], 
allowing visualization of epidermis, dermo–epi-
dermal junction, and the superficial dermis, and it 
also suggests the location and distribution of mel-
anin. Different dermoscopy fluids and applica-
tion techniques can be used: Gewirtzman et  al. 
[40] have tried to determine the best techniques 
for the application of immersion fluid and to dis-
cover which immersion fluid creates less air 
inclusions. It is better to apply an alcoholic fluid 
that creates less air inclusion if compared with 
mineral oil fluid, with an eyedropper directly into 
the skin [40].

With regard to the quality of dermoscopic 
image, structures are equally clear with alcohols 
and liquid paraffin, while ultrasound gel and 
water create blurred images [40].

These systems have many advantages: 
achievement of well-focused images, visualiza-
tion of superficial dermal vessels [30], and iden-
tification of hyperkeratotic lesions such as 
seborrheic keratosis, peppering, lighter colors, 
and blue-white areas [28, 41]. The two main limi-
tations are represented by compression of super-
ficial capillaries if high pressure is applied on the 
lesion and the need of the dermoscopic lens to be 
cleaned/sterilized after examination, especially 
in case of infectious lesions such as warts or mol-
luscum contagiosum [42].

L. Tognetti et al.



5

1.3.2  Polarized Dermoscopy

Polarized dermoscopy allows the visualization of 
skin structures without the necessity of a liquid 
interface apposition (contact polarized dermos-
copy) or without direct skin contact (non-contact 
polarized dermoscopy). This technique relies on 
the principle of reflection of surface-light illumi-
nation coupled with a cross-polarized viewer 
(i.e., two polarizers with orthogonal axes) [43]. 
On the one hand, contact polarized dermoscopy 
partially reduces the physiological skin surface 
reflection, allowing the visualization of skin 
structures (“depolarization” phenomenon) with-
out using an immersion fluid (Fig. 1.1). On the 
other hand, non-contact dermoscopy is very use-
ful for a quicker examination of patients with 
multiple nevi, and ensure the visualization of 
brilliant fibrotic structures (i.e., shiny white 
streaks, white scar-like areas, blue-gray color, 

pink/red areas). Given the absence of compres-
sion on vascular structures, superficial vessel pat-
tern can be visualized without “ischemic 
artifacts” caused by the compression of the skin 
by a glass contact plate. Furthermore, polarized 
dermoscopy is recommended in the evaluation of 
hair shaft disorders and nail plate surface [44].

1.3.3  Hybrid Dermoscopy

We know today that the capabilities of non- 
polarized dermoscopy and polarized dermoscopy 
are not equivalent, but complementary. Indeed, 
images obtained by polarized light dermoscopes 
are essentially different from those obtained by a 
traditional contact dermoscope. To overcome 
these “problems” and facilitate rapid examina-
tion in clinical activity, some “hybrid” hand-held 
dermoscope have been developed. These devices 

light detector
(eye/photo-chip)

cross-polarizing
filter detector

dermoscope lens

penetrating
light

light source

Fig. 1.1 Schematic 
representation of light 
reflection through the 
two main components of 
the dermoscope (i.e., 
dermoscopic lens, filter 
detector, light detector) 
on the skin surface at 
common sites 
(E = epidermis, 
D = reticular dermis)

1 Dermoscopy: Fundamentals and Technology Advances
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(e.g., DermLite DL200 Hybrid and Delta 20T 
Heine) allow the visualization in both contact and 
non-contact modalities, having the possibility to 
manually switch between non-polarized and 
polarized illumination. The illuminating source 
is represented by a composition of both non- 
polarized and polarized LEDs: 21 LEDs (15 
polarized, 6 non-polarized) in DL200 Hybrid; 4 
high quality LEDs (2 polarized, 2 non-polarized) 
in Delta 20T (Fig. 1.2).

1.4  Portable Hand-Held 
Dermoscope/Camera 
Systems

The main limitation of hand-held dermoscope 
was the impossibility to obtain and store dermo-
scopic images. Thus, in recent decades, two kinds 

of solution for portable dermoscope-camera sys-
tems have been adopted. One was the creation of 
digital photocameras with the possibility to 
attach a polarized optic filter (e.g., DermLite 
photosystem) with 17–18× magnification 
(Fig. 1.3a). Second, the creation of specific adapt-
ers able to connect some models of hand-held 
dermoscope (e.g., Heine Delta 20) with digital 
camera (e.g., Canon/Nikon) or a smartphone 
(e.g., iPhone) [45]. These combined system allow 
to use the dermoscope both as an independent 
unit and as a camera sub-unit, according to clini-
cal practice needs, either in polarized and non- 
polarized mode (Fig.  1.3b). The dermatologist 
has the possibility of placing the lens on the 
desired lesional point and shoot the camera 
directly over the viewing area of the dermoscope, 
which is reproduced on the camera display. One 
disadvantage is that both hands are required to 

a

c d

b

Fig. 1.2 Clinical picture of a congenital melanocytic 
nevus of the leg of an 18-year-old female (a): contact oil 
dermoscopy 20× [Heine delta 20 T] (b), low polarization 

contact dermoscopy 2LED [Heine delta 20  T] (c), and 
high polarization contact dermoscopy 4LED [Dermlite 
200 HR] (d)

L. Tognetti et al.
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produce a good-quality image. It should be taken 
into account that there are considerable differ-
ences in the quality of images depending on both 
the device and the camera used, especially if the 
image has to be cropped or magnified. Moreover, 
each camera-system need to be pre-calibrated 
according to the technical specifics of both the 
camera and the hand-held dermoscope (shooting 
mode/ISO/opening time/light/color, etc.).

1.5  Video-Dermoscopy 
and High-Resolution 
Dermoscopy

A video-dermoscope is a system that includes a 
hand-held dermoscopic probe connected to a 
viewing monitor and a dedicated computer usu-
ally with a USB connection. The possibility to 
evaluate the image in a monitor allows to observe 
high-quality and high-magnification images. 
Also, the image displayed on the monitor can be 
“shared” in real-time with the patient, if needed, 
for counseling purposes. These instruments con-
sist of a high-resolution color video camera 
which is incorporated into the final part of a 
probe [46, 47]. They offer both polarized and 
non-polarized light and a real-time zooming up 
to 1000  times magnification, although image 

quality is not superior if compared with hand- 
held devices [48]. The presence of a dedicated 
software for videodermoscopy facilitates a rapid 
storage, organization, and comparison of differ-
ent dermoscopic and clinical images [46]. 
Videodermoscopes are generally easy to use and 
require only some technical skills, they allow an 
easy storage and retrieval of images for follow-up 
examination and, when connected to telematic 
networks, they offer the possibility for teleder-
moscopy consultation [49].

Today, a large number of videodermoscopes is 
available, of different costs according to the qual-
ity of the lens, lighting system, and specific soft-
ware features (e.g., whole body mapping systems 
and advanced serial image capturing dermoscopy 
systems). High-quality videodermoscopes are 
still limited to research centers (Fig. 1.4a–c).

Videodermoscopy is also of potential interest 
for the evaluation of skin color and xerosis. 
However, the majority of videodermoscopes offer 
a variable quality of the images, and this depends 
on several factors such as the lighting of the room; 
this is the reason why they are not at all useful for 
quantitative studies. In recent years technical 
improvements have led to the creation of an ultra-
high definition videomicroscope—C-Cube® 
(Pixience, Toulouse, France)—which allows to 
obtain images that are independent from external 

a b

Fig. 1.3 Examples of portable dermoscope-camera sys-
tems: a digital photocamera combined with special polar-
ized lens [DermLite photo-system] (a); hand-held 

dermoscope connected with a reflex mirrorless camera 
[Canon-Heine Delta20] (b). Courtesy of DermLite®, San 
Juan Capistrano, California (USA)

1 Dermoscopy: Fundamentals and Technology Advances
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a

c

d e

b

Fig. 1.4 Different models of video dermoscopes, using 
different probe camera and software: Horus HS600 
(Adamo SrL, Italy) (a), FotoFinder (Fotofinder Systems 
GmbH Bad Birnbach, Germany) (b), VISIOMED 
D200EVO (Canfield, Canfield Imaging Systems, Fairfield, 

NJ, USA) (c), hand-held super-high definition videoder-
moscope (C-CUBE Pixience, Toulouse, France) (d), and 
camera probe able to achieve 400× magnifications 
(FotoFinder Systems) (e). (Courtesy of: Adamo SrL, 
Fotofinder, Canfield, Pixience)

L. Tognetti et al.
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lightening and are reproducible. This device has 
three main peculiarities: a 10 MPx CMOS sensor 
that allows to obtained an UHD image of a field of 
view of 1.6 mm × 1.2 mm at 50× magnification; a 
specific lighting principle that is able to achieve 
homogeneous lighting without any glare; a real- 
time color calibration procedure that corrects the 
live and acquired images from a RGB sensor to an 
sRGB color space and then to a CIELab color 
space, obtaining reproducible images among dif-
ferent C-Cube probes as well as reliable color 
measurements [37]. The main advantage of this 
portable videodermoscope is the possibility to 
collectively detect and measure several different 
parameters, such as erythema, yellowness, color 
homogeneity, and xerosis, that were previously 
described with colorimeter or corneometer [37] 
(Fig. 1.4d).

Technical progress in digital imaging has 
stimulated the improvement of dermoscopic 
images, especially digital magnification and 
quality resolution. For example, with Fotofinder 
Medicam 1000 (Fotofinder System, Bad 
Birnbach, Germany), pigmented lesion can be 
observed at up to 400 times the original magnifi-
cation [50] (Fig. 1.4e). However, further studies 
are required in order to clearly define if morpho-
logic structures observed with this super-high- 
magnification videodermoscope can add more 
information in the evaluation of skin lesions 
compared to traditional videodermoscopes [50].

1.6  Evolution of Dermoscopic 
“Language”

After many years, we can definitely say that 
“dermoscopy,” the science that studies the 
appearance of skin under the dermoscopic lens, 
has its own language. Indeed, since its birth, the 
dermoscopic “vocabulary” has progressively 
expanded and modified according to several 
authors’ proposal. Traditionally, the first effort 
made to provide a standardized descriptive 
approach to pigmented skin lesions dates back 
to 1987, when the concept of “pattern analysis” 
was first introduced [38]. Then in 1989, the first 
Consensus Conference on Skin Surface micros-
copy was held in Hamburg [51]. In the same 

year, Soyer et al. described for the first time the 
correlation between dermoscopic features and 
histopathologic structures [52]. Over the 1990s, 
several groups developed different diagnostic 
methods for a better analysis of dermoscopic 
images [53–57]. To summarize, we can assess 
that, when observing a lesion under the dermo-
scopic lens, the dermatologist/physician has to 
simultaneously consider the dermoscopic pat-
tern, lesion-specific features, color, and sym-
metry (Fig.  1.5). The correct interpretation of 
these dermoscopic elements allow to achieve 
the correct diagnosis with dermoscopic 
examination.

1.6.1  Pattern Analysis

A “dermoscopic pattern” is intended as a specific 
combination and disposition of characteristic col-
ors/shape/pigment within a skin area, which 
could be observed in different lesions and patients 
that exhibit the same morphology. In particular, 
pattern analysis relies on pattern recognition and 
pattern comparison. First, the novice has to rec-
ognize one among nine characteristic patterns: 
reticular, globular, homogeneous, multicompo-
nent, cobblestone, parallel, starburst, lacuna, 
and unspecific. In Table 1.1, they are listed along 
with their definitions.

Furthermore, the same type of lesions usually 
show different patterns according to the body 
area, the age, and the skin phototype of the patient 
Table 1.2.

Lesions’
specific
features

Colours,
symmetry

Pattern
analysis

Dermoscopic diagnosis

Fig. 1.5 Schematic representation of dermoscopic exam-
ination approach to pigmented skin lesion

1 Dermoscopy: Fundamentals and Technology Advances
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Table 1.1 Definition of the main general dermoscopic pattern, along with their clinical significance

Dermoscopic 
pattern Definition Clinical significance
Reticular Pigment network Typical pigment networks: acquired 

melanocytic nevi, solar lentigo
Fine peripheral network: dermatofibroma
Atypical pigment network: dysplastic 
nevi/melanoma

Globular Numerous, variously sized, round to oval structures 
with various shades of brown and gray-black 
coloration

E.g., acquired melanocytic nevi in young 
people

Homogenous A diffuse area of color in the absence of a pigment 
network or other distinctive local features

Melanocytic lesions, blue nevi, 
seborrhoeic keratoses, etc.

Multicomponent Combination of patterns such as globular, reticular, 
and homogenous

The combination of ≥3 patterns within a 
lesion, with asymmetrical e features, is 
suggestive of dysplastic nevus/melanoma

Cobblestone Large, closely aggregated, more or less angulated 
globules disposed to create a “cobblestone”

Dermal nevi composed by large dermal 
nests of melanoctyes

Parallel Pigment arranged in parallel lines Parallel ridge/furrow: acral lesions
Parallel-like fingerprint: solar lentigo

Starburst Radial arrangement of pigmented streaks Spitzoid lesions (nevus of Reed, atypical 
Spitz tumors, spitzoid melanoma)

Lacuna Round/oval, variously sized structures with smooth 
borders, reddish, blue-purplish or black

Angioma, angiokeratoma, vascular 
lesions

Unspecific Featureless lesions that cannot be classified by any 
of the other previous patterns

Suggestive for malignancy

Table 1.2 Definitions of metaphoric terms according to the third consensus conference of the International Dermoscopy 
Society in 2016

Term Definition
Pigment network
Pigment network Grid-like pattern consisting of interconnecting pigmented lines surrounding 

hypopigmented holes
Typical pigment 
network

Network with minimal variability in the color, thickness, and spacing of the lines; 
symmetrically distributed

Delicate network Light brown, thin network lines
Atypical pigment 
network

Network with increased variability in the color, thickness, and spacing of the lines of the 
network; asymmetrically distributed; gray color

Broadened network Widening of the network lines
Negative network Serpiginous interconnecting broadened hypopigmented lines that surround elongated and 

curvilinear globules
Shiny white structures
Shiny white streaks Short discrete white lines oriented parallel and orthogonal (perpendicular) to each other 

seen only under polarized dermoscopy
Shiny white blotches 
and strands

Bright white structures in the form of circles, oval structures (shiny white clods), large 
structureless areas, or longer and less well- defined lines than shiny white steaks oriented 
parallel or distributed haphazardly; seen only under polarized dermoscopy

Rosettes Four bright white dots or clods arranged together as a square (or a four-leaf clover)
Globules
Regular Globules with minimal variability in their color, size, and shape
Cobblestones Polygonal globules symmetrically distributed throughout the lesion
Rim of brown globules Globules distributed at the periphery of the lesion
Irregular Globules with variability in color, size, shape, or spacing and distributed in an 

asymmetric fashion

L. Tognetti et al.
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(continued)

Table 1.2 (continued)

Term Definition
Dots
Regular Dots distributed all over the lesion or clustered at the center of the lesion, or located on 

the network lines (also called target network)
Irregular Any distribution of dots other than dots as described for regular dots
Streaks
Radial streaming Radial linear extensions at the lesion edge
Pseudopods Bulbous and often kinked projections seen at the lesion edge, often directly associated 

with a network
Branched streaks Broadened or widened network with broken lines and incomplete connections
Patterns
Starburst pattern This pattern consists of peripheral globules, pseudopods, or streaks (or a combination of 

them), located around the entire perimeter of the lesion
Homogeneous pattern A pattern lacking any definable pigment structures, structureless pattern
Cerebriform pattern Thick curved lines created by gyri and keratin-filled sulci; these gyri and sulci coalesce 

forming a brain-like appearance
Fingerprint pattern Light brown thin curved lines that do not interconnect to form a network; these tend to be 

linear to curvilinear; they correspond to small and thin gyri
Rainbow pattern Circumscribed structureless areas displaying colors of the whole spectrum of visible light
Strawberry pattern Reddish pseudonetwork (erythema and wavy fine vessels) around hair follicle openings 

that are accentuated with a white halo appearance
Blotch Dark structureless areas
Regular One blotch within the center of the lesion and surrounded by network
Irregular More than one blotch or a blotch that is located off the center
Regression structures
Peppering/granularity Consists of fine dots with a blue-gray color
Scarlike 
depigmentation

Area of white that is whiter than surrounding normal-appearing skin (true scarring); it 
should not be confused with hypopigmentation or depigmentation caused by simple loss 
of melanin; shiny white structures and blood vessels are not seen in areas of regression

Blue whitish veil An irregular shaped blotch of blue hue with an overlying whitish ground-glass haze
Angulated lines 
(polygons, zig-zag 
pattern)

Gray-brown lines that are connected at an angle or coalescing to form polygons

Central white patch Central white structureless area
Leaflike areas Brown to gray/blue discrete linear or bulbous structures coalescing at a common 

off-center base creating structures that resemble a leaflike pattern
Spoke wheel area Well-circumscribed radial projections, usually light brown but sometimes blue or gray in 

color meeting at a central darker clod that has a dark brown, black, or blue color
Blue gray ovoid nest Well-circumscribed ovoid structures with confluent or near confluent blue-gray 

pigmentation
Milia-like cyst (cloudy 
or starry)

White to yellowish round opalescent structures corresponding to intraepidermal cysts; 
when they are small and bright they are called starry; when they are larger and less bright 
they are called cloudy

Comedo-like opening Round to oval keratin-filled clefts
Crypts Keratin-filled invaginations that are larger than comedo-like openings
Moth-eaten border Border with concave or sharp punched-out invaginations
Milky-red areas Milky-white appearance or pinkish structureless areas (strawberry ice cream–like) with 

no specific distinguishable vessels
Facial skin
Annular granular 
pattern

Dots and structureless areas arranged around follicle openings (and involving adnexal 
opening)

Rhomboids Gray-brown angulated lines forming a polygonal shape around adnexal openings
Pseudonetwork A structureless pigment area interrupted by nonpigmented adnexal openings
Asymmetric pigmented 
follicular openings

Pigment associated with adnexal opening that does not uniformly surround the entire 
opening or curved (or crescent-shaped) pigment lines partially surrounding adnexal 
openings
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1.6.1.1  Age
In lesions on the same body area, for example, 
the trunk, we usually observe a pattern evolution 
of nevi through the years: globular pattern 
<16  years, reticular pattern in 30–50  years, 
homogenous pattern >50 years. A lesion showing 
globular pattern/peripheral globules is suggestive 
for activity, and over the age of 40 years should 
be regarded with suspect and selected for strict 
follow-up.

1.6.1.2  Skin Type
Furthermore, in a given body area, we can detect 
different patterns in nevi according to the skin 
phototype: in patients with skin type I, the pattern 
is more commonly that of a homogenous center 
with a peripheral reticular pattern; in skin type III 
patients, the pattern is more commonly that of a 
uniform reticular pattern.

1.6.2  Lesion-Specific Features: 
The Analytic Approach

In general, two main strategies were developed to 
approach dermoscopic images, the “analytic” and 
the “heuristic” approach [58]. The analytic 
approach was essentially based on the assessment 
of peculiar/predefined features inside the skin 
lesion [58, 59]. The diagnostic conclusion is 
obtained scoring the individual features and fol-
lowing the calculation proposed by one of the 
algorithms. Several algorithms aimed to help nov-
ices in achieving the correct dermoscopic diagno-
ses that have been proposed in the last decades: in 

general, they were developed based on a calcula-
tion checklist and individual scoring assigned to 
pre-selected dermoscopic features [60].

1.6.3  Color and Symmetry: 
The Heuristic Approach

When evaluating a pigmented skin lesion, the 
novice is required to assess the color/s and sym-
metry/asymmetry of the dermoscopic image.

1.6.3.1  Color
In case of pigmented lesions, the color observed 
under the dermoscopic lens mainly depends on 
the depth of melanin/melanocytic nest localiza-
tion, resulting from the reflection through the 
light overlying dermal/epidermal layer (Fig. 1.6). 
Hence, recognizing a specific color helps the 
novice to determine the level of melanin in the 
skin. The schematic classification for melano-
cytic skin lesions on common sites (see below) 
can be summarized as follow (Fig. 1.6):

• Black color—superficial epidermis
• Brown color—epidermal–dermal junction
• Gray color—papillary dermis
• Blue color—reticular dermis

Non-melanocytic skin lesions display a great 
variety of colors, including brown (e.g., pig-
mented actinic keratosis), black (e.g., melano-
achantoma, congealed blood), blue (e.g., foreign 
body/radiation therapy tattoo), gray (e.g., seb-
orrheic keratoses, lichenoid keratoses), white 

Table 1.2 (continued)

Term Definition
Acral skin
Parallel furrow pattern Volar pigmentation forming parallel, thin, solid or dotted lines on the furrows (sulci 

superficiales or invaginations in dermatoglyphics); the lines are occasionally doubled, 
each line along a furrow

Parallel ridge pattern Volar pigmentation forming parallel, diffuse, and irregular lines along the ridges or 
cristae superficiales (raised portion of the dermatoglyphics)

Lattice-like pattern Volar pigmentation forming thin parallel lines on the furrows or sulci superficiales and 
crossing perpendicular on the ridges

Fibrillar pattern Linear pigmented filamentous lines of similar length with one end at the furrows and 
oriented at a certain angle to the furrows, crossing the ridges

Modified from ref. [70]

L. Tognetti et al.
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(e.g., keratinized/milia cysts/scarring lesions/
dermatofibroma/melanoma regression [61]), yel-
low (e.g., xanthomatous lesions, drug pigmenta-
tions [62, 63]), orange (e.g., granulomatous 
lesions, sebaceous hyperplasia), red (e.g., vascu-
lar lesions [64]), and pink (e.g., increased inflam-
mation, psoriasis, and melanoma). In general, 
we can observe one to three combinations of 
defined color in benign lesions, while the pres-
ence of multiple inhomogeneous colors vari-
ously mixed is suggestive for malignancy. The 
exception of hypo/amelanotic melanoma or fea-
tureless melanoma should always be kept in 
mind: in these cases, few or no pigmentation is 
visible, and only the vascular pattern and the 
strict follow-up can allow to diagnose these 
lesions [17, 29, 30].

1.6.3.2  Symmetry
Together with the pattern analysis, the recognition 
of lesion-specific features, and color, the degree 
of symmetry of a lesion should be evaluated. In 
general, greater degrees of symmetry are more 
likely to be benign, whereas malignant lesions are 
more frequently highly asymmetrical. The degree 

of symmetry/asymmetry is quite subjective, 
accordingly it must be considered in combination 
with all other dermoscopic and non- dermoscopic 
features to help formulate a diagnosis. The ABCD 
rule of dermoscopy includes this evaluation (i.e., 
“A”, asymmetry) suggesting “to define the pres-
ence of asymmetry of contour, colours and struc-
tures in 0/1/2 perpendicular axes” [57].

In general, the pigment network of an acquired 
melanocytic nevus is defined “symmetric”—and 
thus, typical—if it displays a regularly meshed, 
narrowly spaced network, usually thinning out at 
the periphery (e.g., “gently fading borders”), 
light to dark brown in color, distributed more or 
less regularly throughout the lesion. Streaks and 
globules must be symmetrically distributed at the 
periphery to suggest benignity. An asymmetric—
atypical—pigmented network is irregularly 
meshed, often thickened, it is composed of pig-
ment lines irregularly distributed throughout the 
lesion, usually ending abruptly at the periphery 
(e.g., “clear-cut borders”), and it is characterized 
by one or multiple colors (black, brown, or gray 
colors or a combination of these). The presence 
of irregularly sized dots/globules, especially if 

Fig. 1.6 Perception of melanin localized at different epi-
dermal/dermal levels due to the optical interference of 
keratin/cellular layer. From left to right: histological sec-
tion; color range generated by melanin localized at com-
mon body site; color range generated by melanin localized 

at mucous membranes. Black  =  stratum corneum; dark 
brown = epidermis; brown = basal layer of the epidermis; 
light brown  =  epidermal–dermal junction; light 
gray  =  papillary dermis; gray  =  papillary dermis and 
blue = reticular dermis
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situated near the periphery, may contribute to the 
asymmetry.

For what concerns the “visual-global heuristic 
approach,” it is focused on the recognition and 
description of general characteristics of the 
lesion, such as heterogeneity in color, architec-
tural disorders, symmetry, and border sharpness 
(e.g., CASH algorithm) [61] or on the individua-
tions of the entity of chaos of structures inside the 
lesions and/or of specific clues suggestive for 
diagnosis (e.g., CHAOS and CLUES) [65].

1.6.4  Analytic vs. Heuristic 
Approach

Mixed approaches relies on the individuation of 
both elements [66, 67]. Thus, the more the physi-
cian increases his experience in dermoscopy, the 
more he is able to rapidly recognize the overall 
pattern of the given lesion, thus moving from the 
analytic to the heuristic approach. Indeed, both 
approaches required a long and specific dermo-
scopic trainee in order to be able to correctly 
interpret dermoscopy images. In addition, no one 
between analytic and heuristic seems to be more 
efficient than the other for teaching dermoscopy 
to novices [68]. In particular, the algorithm 
derived from the analytic approach required high 
levels of dermoscopic skills and resulted often 
poorly clear and feasible for the novices in der-
moscopy [69].

1.6.5  Dermoscopy Consensus 
in the Years 2000–2018

The dermoscopic vocabulary evolved through the 
decades, as real language do: a huge number of 
terms and definition were variously used, often 
similar, sometimes evolving into new ones. In gen-
eral, the descriptive dermoscopic terms were pro-
gressively “coded” into metaphoric terms, hence 
one referring to specific aspect/biological structure 
of the lesions [3, 7, 8, 70]. As an example, the 
descriptive terminology “Lines, white, perpendic-
ularly” corresponds to the “Shiny white streaks 
(former synonyms: chrysalis/chrysalids/crystal-
line structures)” metaphoric term, the descriptive 

term “Structureless zone, white” corresponds to 
the metaphoric “Scarlike depigmentation” term, 
while the “Structureless zone, pink” is the descrip-
tive term for “Milky-red areas” metaphoric term.

To overcome the “confusion” in dermoscopic 
terminology, in 2003 the Consensus Net Meeting 
on dermoscopy was held in order to well define 
the dermoscopic structures and to validate a two- 
step procedure for the evaluation of pigmented 
lesions [3, 7, 8]. Subsequently, evolving dermo-
scopic terminology has led to initiate new con-
sensus in order to establish a dictionary of 
standardized terms. Furthermore, a third new 
algorithmic morphologic method based on pat-
tern analysis was proposed by Kittler in 2007, 
based on the individuation of five simple geomet-
ric elements (lines, pseudopods, circles, clods, 
and dots) that variously combined and constitute 
all patterns observable by dermoscopy [70]. 
Several dermoscopic dictionaries are available 
online nowadays, but www.dermoscopedia.org 
still represents the referring “e-learning manual” 
of dermoscopy, supported by the International 
Society of Dermoscopy (IDS). This web platform 
is continuously enriched by the contributions of 
about 150 dermatologists all over the world and 
currently coordinated by R Braun, A Lallas, A 
Marghoob, and K Hoffmeyer. In 2016, the results 
of the third consensus conference of IDS were 
published [70]. In that was reported the “glos-
sary” of descriptive-metaphoric terminology, 
along with the “biological” significance of each 
structure [70]. As an example, the metaphoric 
term “pigment network” was established to code 
the descriptive terminology “Lines, reticular,” 
suggesting melanoma. “Lines, reticular and 
thick” was coded as “broadened network,” 
“Lines, reticular and thin” was coded as  “delicate 
network,” with biological significance of a mela-
nocytic nevus. “Lines, reticular and thick or 
reticular lines that vary in color” corresponds to 
the “Atypical pigment network,” with the biologi-
cal significance of melanoma. The description 
“Lines, reticular, hypopigmented, around brown 
clods” corresponds to the metaphoric term 
“Negative pigment network (synonyms: inverse 
network/reticular depigmentation),” that is found 
in Spitz nevi (regular) or in spitzoid melanoma 
(irregular).

L. Tognetti et al.
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1.7  Dermoscopy at Special Body 
Sites

We said that the dermoscopic appearance of a 
pigmented lesion varies depending on the body 
site. Indeed, the body surface can be divided into 
two macro-areas for dermoscopic examination 
[69]. A third macro-area of dermoscopy applica-
tion is the observation of adnexa, namely hair and 
nails. Thus, we can distinguish three fields of 
examination of our dermoscope according to 
anatomical classification, as follows:

 1. Common sites: Trunk, scalp, neck, arms, fore-
arms, back of the hands, bottom, thighs, legs, 
and back of the feet

 2. Special sites: Face, nipple and areola, palms, 
soles, oral/genital/anal mucosa (i.e., mucos-
copy), conjunctiva, and sclera

 3. Adnexa: Hairs (i.e., trichoscopy) and nails 
(i.e., onichoscopy)

We should remind that the aforementioned 
dermoscopic classifications and considerations 
are globally valid for lesions localized on com-
mon body sites. On the other hand, lesions at spe-
cial body site show peculiar features and a very 
different dermoscopic appearance, thus they are 
separately discussed here below [71–79].

1.7.1  Palmoplantar Skin

Pigmented skin lesions developing on glabrous 
skin of palms and soles display peculiar clinical 
shapes and thus dermoscopic features different 
from all other body sites. This results from the 
specific anatomy of the skin and the geometry of 
melanin disposition in these locations, as illus-
trated in Fig.  1.7 [79]. Taken together, findings 
from physical, optical, histopathological, and 
electron microscopy studies [79–81] together 
revealed that benign melanocytic nests are dis-

epidermal ridges

furrows

sweat glana ducts
epidermal furrow

a

d e

b c

epidermal ridges

intermedia cripta limiting cripta

Fig. 1.7 Alternation of epidermal ridges and furrows that 
characterize palmar skin, clinical (a) and dermoscopic 
appearance under low (b) and high magnification (c) 
polarized dermoscopy (HorusHS600). Histological sec-
tion of a plantar nevus (HE staining, 20×) (d) shows both 

the pigment distribution in cripta limitans and, in a lesser 
extent, in cripta intermedia, and their alignment with sur-
face ridge/furrows; polarized dermoscopy (17×) of a typi-
cal parallel furrow pattern of a plantar nevus (e)
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tributed in crista limitans and, in a lesser extent, 
in cripta intermedia, generate an optical reflec-
tion of melanin on the stratum corneum 
(Fig.  1.7c), resulting in brown parallel lines. 
Cripta limitans are anatomically alienated with 
the surface furrows (Fig. 1.7a,b), thus generating 
the dermoscopic “parallel furrow” pattern 
(Fig. 1.7d), which is the most frequently detected 
in plantar/palmar nevi. Then, several other der-
moscopic patterns and/or their variants can be 
encountered on palmoplantar skin, here enlisted:

• Parallel furrow pattern
• Fibrillar
• Lattice-like
• Homogeneous
• Globular
• Globulo-streak-like
• Reticular
• Non-typical

We must remind that the dermoscopic appear-
ance of acral lesions is largely influenced by the 
different degree of pressure at different foot 
point, generating a horizontal shift of the melanin 
column in the stratum corneum [82]. Nevertheless, 
it should be kept in mind that a physiological 
benign evolution can be observed, especially in 
plantar nevi: homogeneous to fibrillar pattern 
transformation, probably due to repetitive micro- 
traumatism; fibrillar/homogenous to parallel fur-
row pattern, probably resulting from a 
combination of age-related changes and pressure- 
induced changes [80, 81].

Melanocytic pigmentation on the ridge is sug-
gestive for malignant proliferation, thus the “par-
allel ridge pattern” is considered a hallmark of 
acral melanoma, with high specificity at all ages 
[78, 83]. In addition, considering the global 
approach to the lesion, two other elements can 
suggest the diagnosis of acral melanoma, namely 
irregular diffuse pigmentation (i.e., asymmetry of 
colors, irregular blotches) and the bizarre pattern 
(i.e., asymmetry of structures).

On the other hand, there is a series of benign 
conditions showing “false-positive” parallel 
ridge pattern, such as drug-induced pigmentation 

(e.g., 5-fluorouracile and capecitabine) [62], 
exogenous stain pigmentation (e.g., para- 
phenylenediamine), post-traumatic hemosiderin 
accumulation under the stratum corneum [77], 
vascular pigmentations, exogenous parasites pig-
mentations, and Peutz-Jeghers syndrome. Finally, 
there are benign congenital acral nevi that can 
display parallel furrow pattern lifelong [84], 
while acral melanoma can sometime simulate a 
double parallel furrow pattern [85]. A thorough 
monitoring should always be adopted in these 
patients; in addition, the “furrow ink test” could 
be of help recognizing the pattern in doubtful 
cases [85].

1.7.2  Facial Skin

Pigmented lesions of the face are generally 
grouped into flat, palpable, and nodular.

1.7.2.1  Pigmented Flat Lesions
Facial skin is characterized by flattened rete 
ridge and presence of regularly spaced follicular 
infundibula sebaceous glands and acrosyringia. 
Pigment network is formed by the pigmentation 
of the elongated rete ridges of the epidermis with 
melanocytes in the basal layer of the epidermis 
or melanin in basal keratinocytes. Dense pig-
ment rings (the grid) are due to projections of 
rete pegs or ridges. The paler “holes” are due to 
projections of dermal papillae. Since the dermo–
epidermal junction is flat on the face and rete 
ridges are quite not present, flat pigmented 
lesions of the face display a widened meshed 
pigmented network (pseudonetwork or homoge-
neous pattern) resulting from the combination of 
larger “holes” corresponding to adnexa and a 
homogeneous pigmentation around. The diagno-
sis of flat pigmented lesions on the face may be 
challenging because of the morphologic overlap 
of biologically different lesions, such as benign 
nevi, lentigo, pigmented actinic keratoses, 
lichenoid keratosis, and early lentigo maligna 
[86]. In general, observing the presence of gray 
color in a flat facial lesion under dermoscopy 
should induce to suspect malignancy until 
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diversely demonstrated (i.e., lichenoid kerato-
ses). The presence of scale, white circles, and a 
sharply demarcated border are clues to the der-
moscopic diagnosis of pigmented actinic kerato-
ses. In the early differential diagnosis lentigo 
maligna from pigmented actinic keratosis, der-
moscopy alone still demonstrates poor sensitiv-
ity, and the histopathology remains to date the 
gold standard [87].

1.7.2.2  Palpable and Nodular Lesions
Dermoscopic clues for benign (e.g., seborrheic 
keratoses, dermatofibroma, Spitz nevus, xantho-
granuloma and Leishmaniasis) and malignant 
(keratoacanthoma, squamous cell carcinoma, 
basal cell carcinoma, and Merkel cell carcinoma) 
palpable to nodular neoformations of the face are 
basically the same as in other body sites and are 
listed in Table 1.3.

Table 1.3 Overview of dermoscopic structures, named either in the descriptive and metaphoric terminology, and their 
clinical significance, according to the third consensus conference of the International Dermoscopy Society in 2016

Descriptive term Metaphotric term Clinical significance
Lines
Lines, reticular Pigment network Melanocytic lesions 

dermatofibroma, solar 
lentigo

Lines, reticular, and thick Broadened network Melanoma
Lines, reticular, and thin Delicate network Melanocytic nevi
Lines, reticular, and thick or 
reticular lines that vary in 
color

Atypical pigment network Melanoma

Lines, reticular, 
hypopigmented, around 
brown clods

Negative pigment network (former synonyms: inverse 
network and reticular depigmentation)

Melanoma, Spitz nevus

Lines, white, 
perpendicularly

Shiny white streaks (former synonyms: chrysalis, 
chrysalids and crystalline structures)

Melanoma, BCC, Spitz 
nevus, dermatofibroma

Lines, branched Branched streaks Melanocytic lesion
Lines, radial (always at 
periphery)

Streaks Reed nevus, 
melanoma, recurrent 
nevus

Lines, radial, and segmental Radial streaming Melanoma, recurrent 
nevi

Lines, radial, connected to a 
common base

Leaflike areas (sometimes variously shaped large clods 
have also been termed leaflike areas)

BCC

Lines, radial, converging to 
a central dot or clod

Spoke wheel area (sometimes a clod within a clod has also 
been termed spoke-wheel area/concentric structure)

BCC

Lines, curved, and thick Cerebriform pattern (former synonyms: brainlike 
appearance) to describe the pattern and fissures and ridges 
(former synonyms gyri and sulci and fat fingers) to 
describe the structural components of the pattern

SK

Lines, brown, curved, 
parallel, thin

Fingerprinting Solar lentigo

Lines, curved, and thick, in 
combination with clods

Crypts SK

Lines, parallel, short, 
crossing ridges (volar skin)

Fibrillar pattern Acral nevi

Lines, parallel, thick, on the 
ridges (volar skin)

Parallel ridge pattern Acral melanoma

Lines, parallel, thick, in the 
furrows, and crossing the 
ridges (volar skin)

Latticelike pattern Acral nevi

(continued)
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Table 1.3 (continued)

Descriptive term Metaphotric term Clinical significance
Lines
Lines, parallel, thin, in the 
furrows (volar skin)

Parallel furrows pattern Acral nevi

Lines, angulated, or 
polygonal (facial skin)

Rhomboids/zig-zag pattern Lentigo maligna

Lines, angulated, or 
polygonal (nonfacial skin)

Angulated lines/polygons Lentiginous 
melanomas (nonfacial, 
nonacral)

Pseudopods
Radial, circumferential pseudopods, or lines Starburst pattern Reed nevus

Clods
Clods, small, round, or oval Globules Various 

diagnoses
Clods, brown, circumferential Rim of brown globules Growing nevi
Clods, brown, yellow, or orange (rarely black) Comedo-like openings SK
Clods, brown or blue, concentric (clod within a clod) Concentric globules BCC
Clods, brown or skin colored, large and polygonal Cobblestone pattern Dermal nevi
Clods, blue, large, clustered Blue-gray ovoid nests BCC
Clods, blue, small Blue globules BCC
Clod within a clod (concentric clods) Variant of spoke wheel area BCC
Clods, white, shiny Shiny white blotches and strands BCC
Clods, pink, and small Milky-red globules Melanoma
Clods, red, or purple Red lacunes Hemangioma

Dots
Dots, any color Granularity or granules Various diagnoses
Dots, gray Peppering Melanoma, LPLK
Dots, gray and circles, gray Annular- granular pattern Lentigo maligna
Dots or clods, white, clustered or 
disseminated

Milia-like cysts, cloudy or starry SK

Dots, white, four, arranged in a square Rosettes Various diagnoses but mainly 
AK, SCC, actinic- damaged skin

Dots, peripheral, arranged in lines Linear dots Pigmented Bowen’s disease
Dots, brown, central (in the center of hypo-
pigmented spaces between reticular lines)

Targetoid dots Congenital nevi

Circles
Circles, white SCC
Circles, concentric Circle within a circle Lentigo maligna
Circles, incomplete Asymmetric pigmented follicular openings Lentigo maligna

Structureless
Structureless zone, brown or black Blotch If central: hypermelanotic Clark 

(dysplastic) nevus; if eccentric: melanoma
Structureless zone, blue Blue-whitish veil Melanoma
Structureless zone, pink Milky-red areas Melanoma
Structureless zone, white Scarlike depigmentation Melanoma
Structureless zone, white, central Central white patch Dermatofibroma
Structureless zone, polychromatic Rainbow pattern Various diagnoses
Structureless, red, interrupted by 
follicular openings

Strawberry pattern AK

Structureless, brown (tan), eccentric Melanoma
Structureless, any color Homogenous pattern Various diagnoses
Structureless, brown, interrupted by 
follicular openings (facial skin)

Pseudonetwork Facial pigmented lesions
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1.7.3  Nipple and Areola

Nipple and areola can be considered as special 
sites as well, as lesion on these areas show site- 
specific appearance that significantly differs from 
that of pigmented skin lesions at common body 
sites [72]. Nevi on areola/nipple are quite com-

mon and often display “peculiar” features, such 
as hormone-induced hyperpigmentation, inflam-
mation due to micro-traumatism, particular/less 
regular vascular pattern (i.e., nipple and areola 
skin shows an erythematous background and 
focused linear vessels even in normal condi-
tions). It is not infrequent to see these lesions 

Table 1.3 (continued)

Other
Sharply demarcated, scalloped border Moth-eaten border Solar lentigo

Vessel morphology
Dots Tiny pinpoint vessels Flat melanocytic lesions, 

inflammatory diseases, 
Bowen’s disease

Clods Red-purple 
lacunes

More or less sharply demarcated, roundish, or oval 
areas with a reddish, red-bluish, maroon, or dark 
red to black coloration, separated from each other 
by intervening stroma, without vessels inside the 
lacunae

Hemangioma

Linear Linear, mildly curved vessels, considered irregular 
when different sizes, shapes, and curves with a 
haphazard, or random distribution are presented 
and considered regular when short and fine (thin) 
linear vessels prevail

Various diagnoses

Coiled Glomerular Tightly coiled vessels resembling the glomerular 
apparatus of the kidney

Bowen’s disease

Looped Hairpin Two parallel linear vessels forming a half-looped 
or hairpin-like structure

SK, viral warts

Serpentine Linear 
irregular

Linear vessels with multiple bends Flat BCC, melanoma

Helical Corkscrew Twisted looped vessels with bends twisted along a 
central axis

Melanoma, metastasis

Curved Comma Linear, curved, short vessels Dermal nevi
Monomorphous One type of vessel dominates Various diagnoses
Polymorphous Multiple types of vessels are present May indicate malignancy 

in appropriate context, for 
example in flat melanocytic 
lesions

Vessel arrangement
Radial Crown 

vessels
Radial, serpentine, or arborizing vessels at the periphery of 
the lesion that radiate toward the center but do not cross the 
midline of the lesion

Sebaceous 
hyperplasia

Serpiginous String of 
pearls

Coiled or dotted vessels arranged in lines Clear cell 
acanthoma

Branched Arborizing 
vessels

Bright red, sharply in focus, large or thick-diameter vessels 
dividing into smaller vessels

BCC

Clustered Coiled or glomerular vessels arranged in groups Bowen’s disease
Centered 
dots

Targetoid 
vessels

Red dots (vessels) in the center of hypopigmented space 
between reticular lines

Congenital 
melanocytic nevus

Modified from ref. [70]
BCC basal cell carcinoma, SK seborrheic keratosis, LPLK lichen planus-like keratosis, AK actinic keratosis, SCC squa-
mous cell carcinoma
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biopsied in the suspicion of melanoma, which is 
actually rare on this site. Another malignant 
tumor affecting this area is Paget’s disease, which 
can mimic both eczema and inflammatory dis-
eases. Dermoscopy is thus particularly useful at 
this site, where a wide spectrum of conditions 
from benign tumors to inflammatory diseases 
cannot be differentiated on clinical ground only. 
Careful comparative dermoscopy examination 
can hence reduce the need for a surgical excision 
in order to have a histological diagnosis is fre-
quent, sparing possible functional and esthetic 
sequelae in this sensitive site [72, 88].

1.7.4  Oral and Anogenital Mucosa

Oral semi-mucosae and mucosa include a series 
of special body sites, such as the lips, the palate, 
the tongue, and the gingiva. Anogenital semi- 
mucosae and mucosae include anal semimucosa, 
perineum; major labia, minor labia, external 
vagina, and gland. All these areas are character-
ized by a thinner epidermis, the absence of the 
stratum corneum, and the presence of an overly-
ing physiological mucus, producing different 
optical effects under dermoscopy (also defined 
as “mucoscopy”) [75, 89]. Generally, pigmented 
lesions in these areas show homogenous pattern, 
unfocused pigment network and less clear-cut 
border, compared with other common sites. 
Moreover, colors of benign pigmentation belong 
to a narrow range of nuances from brownish-
gray to gray. In particular, the gray homogenous 
color of benign mucosal melanosis, in absence 
of other asymmetric structures of multicompo-
nent coloration, is likely to be related to the pres-
ence of melanin-laden inflammatory cells in the 
papillary dermis [74]. In general, the combina-
tion of structureless zones with blue/gray/white 
color in mucosal lesions is the most significant 
dermoscopic sign of malignancy [90]. Other 
peculiarities of tumors at mucosal sites are yel-
lowish fibrinous superficial material instead of 
erosion, absence of keratinization, papilloma-
tous surface (especially the tongue), and evi-
dence of Wickham reticulum in lichen planus 
lesions. Non- pigmented tumoral lesions can be 

more difficult to identify because they can mimic 
inflammatory and infectious diseases; in these 
cases, the presence of specific vascular pattern/
in-focus vessels and/or regression signs should 
be researched.

1.7.5  Conjunctiva/Sclera

Conjunctival lesions include a large and varied 
spectrum of conditions, ranging from inflamma-
tory lesions to benign or malignant epithelial/
vascular/melanocytic/lymphoid tumors. Though 
extremely useful to spare surgical biopsy for his-
topathological confirmation, dermoscopic exami-
nation in this area requires particular equipment. 
The ophthalmologic examination is currently 
performed through the slit lamp, a binocular 
microscope equipped with an optical system that 
only provides clinical images of the anterior seg-
ment of the eye at high magnifications. A way to 
realize high-quality dermoscopic examination is 
using a digital camera combined with a 
 videodermoscope (or a hand-held camera photo-
system) at 20× magnification, covering the tip of 
the dermoscope with a sterile transparent film to 
be changed for each patient. A topical anesthetic 
ointment (e.g., oxybuprocaine hydrochloride/tet-
racaine hydrochloride 1%) must be applied in the 
inferior conjunctival fornix of the eye and an 
appropriate transparent ophthalmic gel should be 
delivered over the sclera/conjunctiva region to be 
examined [71, 91].

Compared with nevi, melanomas of the con-
junctiva are reported to have a more intense pig-
mented network, irregular dots confluent in a 
structureless pattern and a higher prevalence of 
gray color, probably determined by the melano-
cytic invasion of the superficial stromal portion. 
Indeed, conjunctival melanoma is by definition 
not limited to the epithelium (i.e., a proliferation 
of melanocytes that invade the stroma) differ-
ently from cutaneous melanoma. Primary 
acquired melanoses often show regularly distrib-
uted light brown dots, and small cysts are fre-
quently observed in congenital/acquired nevi. 
Squamous cell carcinomas display peculiar hair-
pin and glomerular vessels.
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1.8  Dermoscopy of the Nails 
and Hairs

1.8.1  Onichoscopy

Dermoscopy of the nails (i.e., onichoscopy) 
includes the examination of the nail plate, the 
proximal nail fold, the hyponychium, and the dis-
tal edge of the nail plate. A complete dermo-
scopic examination should include both contact 
oil immersion dermoscopy and polarized contact 
dermoscopy, to ensure optimal observation of the 
nail structures and avoid keratin-induced reflec-
tion. Onichoscopy is today essential to differenti-
ate acral melanoma from acquired nevi of the nail 
plate in case of longitudinal melanonychia. Signs 
of malignancy described to date include width of 
the pigmented band (≥2/3 of the nail plate), gray 
and/or black color, irregularly pigmented lines, 
Hutchinson (i.e., pigmentation extending to the 
proximal nail fold) and micro-Hutchinson signs, 
a nail dystrophy, and granular pigmentation [92]. 
Furthermore, onichoscopy is useful to recognize 
and differentiate a wide range of infective (e.g., 
tinea unguium), inflammatory (e.g., lichen planus 
and psoriasis), autoimmune (e.g., alopecia 
areata), paraneoplastic and drug-induced (e.g., 
anti-proliferative agents) conditions affecting the 
nail apparatus, and/or monitor their response to 
therapy [44, 93].

1.8.2  Trichoscopy

Introduced in 2006, the term trichoscopy collec-
tively refers to the examination of the hairs and 
scalp surface [94]. Low magnification (17–20×) 
hand-held dermoscopy can support the physician 
in the diagnosis of scarring and non-scarring alo-
pecia of the scalp and scalp pigmented neoforma-
tion (e.g., nevus sebaceous [95]). Moreover, 
defined trichoscopic patterns have been described 
to differentiate infectious (e.g., pediculosis and 
tinea capitis) [96] and/or inflammatory (e.g., alo-
pecia areata) [14], or post-traumatic lesions [97], 
especially in pediatric population. The effective-
ness of therapies for alopecia areata/alopecia 
androgenetica/telogen effluvium, etc. can be eas-

ily carried out by means of hand-held dermos-
copy [98].

High-magnification videodermoscopy (40–
100×) and super high magnification videoder-
moscopy (400×) allow to analyze the structure 
and size of growing hair shafts directly on the 
scalp, avoiding the necessity of pulling of multi-
ple hairs differently from light microscopy 
method [99]. The spectrum of genetic disorders 
variously affecting the hair growth and hair shafts 
is large, and early trichoscopic examination can 
help dermatologists and pediatricians to early 
diagnose of otherwise unrecognized de novo syn-
dromic conditions [98, 99].
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Dermoscopy for Benign 
Melanocytic Skin Tumors

Giulia Tonini, Andrea Andreassi, and Elisa Cinotti

Although histopathology at the present stage 
remains the “gold” standard in the diagnosis of 
melanocytic proliferations, the introduction of 
dermoscopy opened a new morphologic dimen-
sion and allowed clinicians to observe colors and 
structures within nevi not visible to the unaided 
eye, to more precisely predict the histopathology 
diagnosis and therefore to improve on their clini-
cal diagnostic accuracy [1]. Melanocytic nevi 
(MN) are heterogeneous benign melanocytic pro-
liferations, most frequently located in the skin. 
Their development is a multifactorial process 
under genetic and environmental influences [2]. 
Acquired melanocytic nevi (AMN) are the most 
common group of nevi. They can occur on any 
cutaneous site and usually measure less than 
6  mm [3]. Three main clinical categories of 
AMN, which relate to their dermoscopic and his-
topathological growth pattern, have been 
described: junctional nevi (JN), dermal nevi 
(DN), and compound nevi (CN) [2].

2.1  Junctional Nevi

JN are light to dark brown macules with uniform 
color distribution, but typically darker in the cen-
ter [2, 4]. JN are usually non-palpable and are not 

restricted to sun-exposed anatomical areas, 
although their development has been associated 
with sun exposure [1, 5]. They usually arise dur-
ing childhood and tend to be smaller than DN or 
CN [4].

On dermoscopy, a uniform reticular pattern of 
a light to dark brown color typically dominates 
with the occasional inclusion of small dots and 
globules [4]. Reticular pattern consists of a net-
work of brownish interconnected lines over a 
background of a tan diffuse pigmentation 
(Fig. 2.1a) [1]. Individuals with skin phototype I 
typically exhibit nevi with a light brown reticular 
pattern (which is however sometimes less evident 
or visible) and a central hypopigmentation, 
whereas individuals with a skin phototype IV 
mostly show nevi with a dark brown reticular pat-
tern and a central hyperpigmentation (so-called 
black or hypermelanotic nevi) [1, 4].

Reticular pattern is predominantly found in 
adults and is commonly observed in AMN on the 
upper and mid back [2]. It has frequently been 
correlated with JN histology, which is character-
ized by nests of melanocytes at the tips of regu-
larly elongated, notedly pigmented rete ridges [1].

2.2  Dermal Nevi

DN are skin-colored or light brown papules that 
are either soft dome-shaped or pedunculated. 
Their surfaces can be smooth or mamillated. 
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a

c

e f

d

bFig. 2.1 Dermoscopy 
of junctional, dermal, 
and compound nevi. 
(a) Reticular pattern in a 
junctional nevus.  
(b) Light brown dermal 
nevus with terminal hair. 
(c) Eccentric light brown 
pigmentation in 
homogeneous pattern in 
a pink dermal nevus.  
(d) Raised papular 
compound nevus with 
peripheral pigmented 
network. (e) Compound 
nevus with 
homogeneous and 
globular pattern.  
(f) Compound nevus 
with peripheral reticular 
pattern and linear and 
comma vessels in the 
hypopigmented center of 
the lesion
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DN are often associated with terminal hairs or 
even telangiectatic vessels (Fig. 2.1b), which may 
help to distinguish them from other types of com-
mon nevi or nodular basal cell carcinomas. In 
larger lesions, pseudohorn cysts (accumulations 
of keratin within epidermal invaginations) can be 
observed [2, 4]. Another unique characteristic of 
intradermal nevi is the presence of a “wobble” 
sign, which is defined as the mobility of a lesion 
when the dermoscopic head compresses the nevus 
and its ability to be manipulated in a gentle rock-
ing motion. The wobble sign can be particularly 
useful in helping to differentiate an intradermal 
nevus from a basal cell carcinoma [6].

On dermoscopy, intradermal nevi typically lack 
a pigment network; if pigment is present, it is usu-
ally light brown and found in a homogenous pat-
tern (structureless pigmentation in the absence of 
pigment network or other distinctive local features) 
(Fig. 2.1c) or occasionally in globular (numerous, 
variously sized, round to oval structures with vari-
ous shades of brown and gray-black) or cobble-
stone pattern (large, closely aggregated, somehow 
angulated globule-like structures resembling a 
cobblestone) [1, 4]. In hypopigmented or non-pig-
mented nevi, vascular features may be the most 
prominent dermoscopic features. Comma vessels 
are the most commonly found, with hairpin vessels 
and dotted vessels also found occasionally [4].

Homogenous patterns are frequently seen in 
DN, often with many comma vessels. Arborizing 
vessels are less frequently observed. The out- 
focus of these vessels helps to distinguish them 
from those seen in basal cell carcinoma. DN can 
also show comedo-like openings and milia-like 
cysts [2].

The globular pattern is more frequent in child-
hood and is commonly found in AMN arisen on 
the upper trunk. The presence of peripheral glob-
ules has been shown to correlate to growing nevi. 
Cobblestone pattern nevi have been associated 
with the presence of terminal hairs, comedo-like 
openings, and/or milia-like cysts. Like the globu-
lar pattern, it is commonly found in AMN arisen 
on the upper trunk, and it is also common in con-
genital nevi. The cobblestone pattern is not asso-
ciated with any particular age [2].

DN histopathology is characterized by vari-
able large nests of melanocytes in the dermis [1].

Variants of intradermal nevi include Unna 
nevi and Miescher nevi [4].

Unna nevi are found on the trunk and extremi-
ties, and they can exhibit a variety of dermo-
scopic patterns. The homogenous pattern is the 
most common, followed by the globular and 
reticular ones. Unna nevi exhibiting the globular 
pattern may present with a cerebriform feature. 
Large light or dark brown globules of uniform 
size and distribution are seen, along with exo-
phytic papillary structures sometimes separated 
by comedo-like openings. Comma vessels are 
most commonly observed, while dotted and poly-
morphous vessels are occasionally found [4, 7].

Miescher nevi are located on the face, and they 
typically show a pseudonetwork pattern arranged 
around facial follicular openings. Comedo-like 
openings and milia-like cysts may also be visible 
[4, 8].

2.3  Compound Nevi

CN are slightly elevated, pigmented papules with 
either a smooth or a papillomatous surface 
(Fig.  2.1d). With age, these nevi may become 
more elevated and change color. Their color is 
often homogenous and can range from tan to dark 
brown. Acquired CN are often difficult to differ-
entiate from smaller congenital nevi, as they may 
also demonstrate terminal hairs [2, 4].

On dermoscopy, CN typically show a globular 
pattern with uniform-sized globules distributed 
throughout the lesion (Fig. 2.1e). A cobblestone 
pattern may be seen if the globules are large and 
closely aggregated. A reticular pattern is usually 
found at the periphery (Fig. 2.1f). Regularly dis-
tributed areas of hypopigmentation can also be 
present. Vascular features are difficult to appreci-
ate under dermoscopy, but when they are visible, 
linear irregular vessels or comma vessels may be 
detected (Fig. 2.1f) [1, 4].

Variants of CN count the solid pink, eclipse, 
cockade, and halo nevi.

Solid pink nevi are typically seen in fair- 
skinned individuals with skin phototypes I and 
II.  They are characterized by the absence of a 
prominent pigment network or by dotted or poly-
morphous vessels [4, 9].
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Eclipse nevi are tan macules with a brown 
peripheral rim with overall starburst appearance. 
Clinically, the brown rim may appear asymmet-
ric and irregular when it is discontinuous. The 
size of eclipse nevi ranges from 4 mm to greater 
than 10 mm. They may be located on the trunk in 
adults as an individual’s signature nevi and on 
the scalp in children. Dermoscopically, the 
peripheral rim demonstrates an organized pig-
ment network, that is absent in the central area 
[4, 10].

Cockade nevi are pink to darkly pigmented, 
targetoid, often papular lesions that appear mor-
phologically similar to eclipse nevi except that 
they include a central area of pigmentation. They 
are typically 4–10  millimeters in size and are 
most commonly found on the trunk and on the 
scalp of children and adolescents [4, 11]. The 
target-like shape arises from a centrally pig-
mented zone being surrounded by an intermedi-
ate non-pigmented area that is then bordered by a 
pigmented rim [4]. On dermoscopy, cockade nevi 
show an organized pigment network in both the 
central and peripheral pigmented areas, while the 
non-pigmented intermediate zone is pigment- 
free [4]. Histologically, the central nevus is junc-
tional or compound, whereas the non-pigmented 
zone is free from nevus cells, and the peripheral 
halo is composed of junctional melanocytic nests 
[11, 12].

Halo nevi (Sutton nevi) are pigmented mela-
nocytic nevi surrounded by a ring of depigmen-
tation. They are most frequently seen in children 
or young adults (approximately 15 years of age) 
[11]. Although most commonly found on the 
back, they may be present at any anatomic site 
and may even be arranged in a cluster [4]. Halo 
nevi typically undergo four different stages of 
evolution, which may overlap: the pigmented 
portion of the nevus (stage I) may change to 
become pink colored (stage II) and may eventu-
ally disappear, leaving only a circular area of 
depigmentation (stage III), which may undergo 
gradual repigmentation (stage IV) taking 
months to years until completion [4]. On 

 dermoscopy, halo nevi typically show a globular 
or homogenous pigment pattern with blue pep-
per-like granules and additionally white scar-
like regions [11]. As halo nevi evolve and the 
central melanocytic area becomes pink, the only 
dermoscopic feature that may be evident in the 
previously pigmented lesion may be dotted ves-
sels and some telangiectasias in the surrounding 
depigmented halo [13]. In histopathology, a der-
mal lichenoid infiltrate composed of lympho-
cytes and melanophages is observed [11, 12]. 
An isolated melanocytic lesion with a halo com-
ponent, asymmetric, and with unknown evolu-
tion in an adult needs histopathologic 
examination to exclude a melanoma, due to the 
existence of a rare phenomenon called halo mel-
anoma [13].

2.4  Congenital Melanocytic Nevi

Congenital melanocytic nevi (CMN) are charac-
teristically present at birth or appear shortly 
thereafter. They may not become visible until 
months to years after birth, due to inherent delays 
in the development of pigment. With time, CMN 
can enlarge, become darker, develop terminal 
hairs, or form new nodules [4]. About size, CMN 
may be classified into different categories: small 
(<1.5  cm); medium (M1: 1.5–10  cm, M2: 
10–20 cm); large (L1: 20–30 cm, L2: 30–40 cm); 
and giant (G1: 40–60  cm, G2: >60  cm) [14]. 
CMN are typically brown to black macules or 
patches with either a smooth or gravelly texture 
and with irregular borders [4]. CMN most fre-
quently occur on the trunk, followed by the 
extremities and head and neck [2]. 
Histopathological features of CMN include 
nevus cells in the deep reticular dermis and in the 
subcutis, nevus cells in and around adnexal struc-
tures (hair follicles and eccrine glands), and hori-
zontal, dermal infiltrations of nevus cells between 
collagen bundles [15].

On dermoscopy, CMN show different pig-
ment patterns: reticular, globular, cobblestone, 
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or homogenous [2]. The globular pattern is more 
commonly found in children under the age of 
12 years and tends to present on the head, neck, 
and trunk. Instead, the reticular pattern is more 
commonly found in patients more than 12 years 
of age and is more frequently observed on the 
extremities [4]. Dermoscopic features, such as 
target network or globules, presence of terminal 
hairs, target vessels, and hypopigmentation of 
the skin furrows and around hair follicle open-
ings, may help to distinguish CMN from AMN 
[2, 16].

2.5  Blue Nevi

Blue nevi (BN) are dermal proliferation of spindle 
melanocytes that generally arise during childhood 
or adolescence. Different variants of BN include 
common, cellular, sclerosing/desmoplastic, epi-
thelioid combined, amelanotic, and deep penetrat-
ing [17]. BN are most common in younger 
patients and women. Although the majority of BN 
present as solitary lesions, cases of agminated 
blue nevi have been described (Fig. 2.2a,b) [18]. 
The characteristic gray-blue color seen in BN is 

Fig. 2.2 Blue nevi.  
(a) Clinic and  
(b) dermoscopy of 
agminated blue nevus. 
(c) Dermoscopy of 
common blue nevus 
shows homogeneous and 
steel blue pigmentation. 
(d) Desmoplastic blue 
nevus shows regression 
features and 
polychromatic pattern 
with white, brown, and 
blue colors

a

c

b

d
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due to the Tyndall effect, resulting from light scat-
tering by dermal melanin [2].

Common BN usually present as macules or 
dome-shaped papules less than 10  mm in size. 
They most commonly arise on the scalp, neck, 
dorsum of hand or foot, and sacrum. Common 
BN can also be found on extra-cutaneous sites, in 
particular the uterus or cervix [19].

Cellular BN tend to present as black to gray- 
blue nodules or plaques measuring 1–3 cm. They 
are usually located on the sacrum or buttocks, but 
they can also arise on the head or feet [2].

Sclerosing or desmoplastic BN appear as 
blue papules or nodules with no anatomic predi-
lection [2].

Epithelioid BN are usually located on the 
extremities and trunk and are more common in 
younger patients [20]. This type of BN is fre-
quently associated with Carney complex/LAMB 
syndrome. Some lesions with features of epithe-
lioid BN are referred to as pigmented epithelioid 
melanocytoma, which encompasses lesions rang-
ing from benign epithelioid BN to borderline 
atypical epithelioid BN-like tumors [20].

Dermoscopically, BN are generally character-
ized by homogeneous, steel blue pigmentation 
resulting from melanocytes in the reticular der-
mis and absence of pigment network (Fig. 2.2c). 
The presence of this feature without any other 
findings is suggestive of BN with high specificity 
(99%) [21]. The main differential diagnosis is 
melanoma metastasis, and therefore, the clinical 
history and evolution are fundamental for a cor-
rect diagnosis. Other dermoscopic features, such 
as dots or globules, peripheral streaks, and 
network- like patterns, have been observed in 
50% of lesions [21]. Whitish, scar-like areas cor-
responding to dermal fibrosis can also be present 
[22]. Different variants of BN can show peculiar 
dermoscopic features. The common type usually 
appears with a truly blue tone (Fig.  2.2c). The 
amelanotic type appears to have a whitish hue 
overlying the blue pigmentation. Combined BN 
show a focal brownish-blue color under dermos-
copy due to the combination of a blue nevus with 
another melanocytic lesion [17]. Deep penetrat-
ing blue nevi tend to be polychromatic [17] with 

rapid morphologic changes [23]. Desmoplastic 
BN show regression features and polychromatic 
pattern with white and blue areas (Fig.  2.2d). 
Thirteen percent of BN demonstrate vessels 
(polymorphic, dotted, and comma) [24] [2]. 
Some differences in the morphology of BN can 
be observed depending on the use of polarized or 
non-polarized dermoscopy. Under non-polarized 
light, the blue pigmentation can appear darker 
and more heterogeneous, and local features (i.e., 
dots and globules) can become clearer. Under 
polarized light, BN can appear brownish or poly-
chromatic [25].

Histopathologically, BN are dermal prolifera-
tions of pigmented spindle-shaped melanocytes, 
which can be located into the reticular dermis and 
involve adnexal structures. Most BN demonstrate 
stromal fibrosis, which is exaggerated in scleros-
ing BN, and pigmented melanophages. A junc-
tional component is generally absent, with the 
exception of combined BN [2].

2.6  Spitz Nevi

Spitz nevi (SN) are congenital or acquired nevi, 
and they usually occur in children or young 
adults, appearing in individuals under the age of 
20 years in a half to two thirds of cases [2, 11]. 
They arise as single, pink to red or skin-colored, 
dome-shaped papule usually measuring less 
than 1 cm [2]. SN are usually smooth, but can be 
verrucous [26]. Flat and polypoid variants are 
also described. SN are usually soft, but can be 
firm with a dermatofibroma-like texture [2]. 
Multiple lesions have been reported and can fol-
low trauma, i.e. prior excision or radiation ther-
apy [27]. In children, they usually appear on the 
face or head, while in young adults, they usually 
arise on the lower extremities, in particular in 
women [28].

Pigmented spindle cell nevi, or Reed nevi, 
are a variant of SN. They usually appear as dark 
brown to black papules with a smaller diameter 
than SN.  They most frequently occur on the 
extremities, especially the lower legs of 
30–40 years old women [2].
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Dermoscopically, Spitz nevi are classified in 
three main patterns: “starburst pattern” (51%), a 
pattern of regularly distributed dotted vessels 
(19%) and globular pattern with reticular depig-
mentation (17%) [29].

Several infrequent dermoscopic patterns have 
also been reported in Spitz nevi and suggested to 
correspond to peculiar histopathological variants 
such as angiomatoid or desmoplastic Spitz nevus 
(Fig. 2.3a) [29].

The “starburst pattern,” consisting of a central 
area of homogeneous black-blue pigmentation 
and symmetrically distributed peripheral streaks 
or pseudopods in a radial arrangement, typifies 
Reed nevus (Fig. 2.3b), while the globular pattern 
with reticular depigmentation (white lines sur-
rounding globules) is associated with pigmented 
SN (Fig.  2.3c) [29]. Several additional patterns 
are also associated with pigmented Spitz nevus, 
including homogeneous, reticular, and multicom-
ponent pattern [30].

Changes from globular (Fig. 2.3d) to starburst 
to homogenous patterns have been observed in 
evolving lesions, and they represent different 
stages of growth: during the phase of growth, they 
present with peripheral regular streaks, finger-like 
and globule-like pigmentation in a radiating pat-
tern (starburst) which disappear after a few months, 
resulting in a homogeneous dermoscopic pattern 
with structureless brown/black pigmentation and 
finally spontaneous involution (Fig. 2.3e) [2, 11]. 
Pigmented SN can also be associated with blue-
white veils, negative pigment networks, and polar-
izing shiny white structures [2]. The homogeneous 
and reticular patterns have been suggested to rep-
resent later evolution phases of the starburst pat-
tern [29]. The reticular pattern can be regular and 
well defined or atypical due to broadened and 
thickened network lines [31]. A superficial black 
network has been observed in approximately 10% 
of lesions [32]. The prominent black lines seen in 
this kind of network are due to an abundance of 
melanin in the stratum corneum [31].

Non-pigmented Spitz nevi frequently display 
a pattern of dotted vessels in a regular distribu-

tion associated with reticular depigmentation or 
negative pigment network, consisting of white 
lines surrounding vessels (Fig.  2.3f) [29]. 
Regularly distributed dotted vessels represent 
the dermoscopic hallmark of non-pigmented 
Spitz nevus, and reticular depigmentation repre-
sents a frequent additional feature. In raised and 
nodular Spitz nevi, the vessels might project as 
larger red globules, coiled vessels, or even hair-
pin or corkscrew vessels with symmetry all over 
the lesion [29].

Histopathologically, SN are typically com-
posed of vertically arranged nests or fascicles of 
large spindle and/or epithelioid cells. SN with 
spindle cells are usually junctional and are more 
frequently found on the lower limbs. SN with 
epithelioid cells tend to be intradermal and usu-
ally arise on the head [33].

2.7  Meyerson’s Nevi (Eczematous 
Nevi)

Meyerson’s phenomenon is defined as an eczem-
atous halo around one or more nevi [34]. Clinical 
features consist of the appearance of erythema-
tous halos with overlying scales sometimes 
accentuated at the peripheries of the erythema-
tous zones. Eczematous nevi show a predilection 
for young healthy adults [12]. Most patients com-
plain slight pruritus [35, 36]. Eczematous lesions 
become desquamative and clear spontaneously or 
resolve under topical corticosteroid therapy, 
while the nevus persists unchanged [12].

Dermoscopy is often challenging: even if 
Meyerson’s phenomenon does not modify der-
moscopic characteristics of involved nevi, pat-
terns are often blurred by a yellowish overlying 
superficial serocrusts [11, 37].

Histopathological examination shows a 
nevus, generally compounded with associated 
parakeratosis, acanthosis, and sometimes epider-
mal spongiosis. Upper dermis has a perivascular 
lymphocytic infiltrate and sometimes with eosin-
ophils [12].
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Fig. 2.3 Dermoscopy 
of Spitz–Reed nevi.  
(a) Dermoscopy of 
desmosplastic Spitz 
nevus with 
homogeneous pattern. 
(b) Reed nevus with 
“starburst pattern,” 
consisting of a central 
area of homogeneous 
black-blue pigmentation 
and symmetrically 
distributed radial streaks 
at the periphery of the 
lesion. (c) Pigmented 
Spitz nevus shows 
globular pattern with 
reticular depigmentation. 
(d) Globular pattern in a 
Reed nevus. (e) Reed 
nevus shows 
homogeneous 
dermoscopic pattern 
with structureless 
brown/black 
pigmentation.  
(f) Non-pigmented Spitz 
nevus displays a pattern 
of dotted vessels in a 
regular distribution 
associated with reticular 
depigmentation
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2.8  Desmoplastic Nevi

Desmoplastic nevi (DN) are a rarely reported, 
poorly characterized, benign melanocytic prolif-
eration [38, 39]. They are usually small (up to 
1  cm in diameter), flesh-colored, erythematous, 
or slightly pigmented papules or nodules often 
occurring on the extremities of young adults 
(mean age, 30 years), with a slight female pre-
dominance [39].

Dermoscopically, DN exhibit a tiny light 
brown network on a pinkish erythematous back-
ground [38]. DN are usually symmetric in color 
and structure, and they do not show any 
melanoma- specific criteria. DN share features 
with dermatofibroma, such as location on the 
extremities and size (ranging from few millime-
ters to 1 or 2 cm). Clinically, both lesions appear 
as firm papules or nodules that may sometimes 
cause clinical symptoms such as pain or itch. 
However, clinical dimpling sign [40] and the der-
moscopic central white patch surrounded by a 
delicate pigment network [41] are quite specific 
features of dermatofibroma that are not detected 
in DN [12].

Histopathologically, DN show spindle-shaped 
or epithelioid melanocytes within a fibrotic 
stroma [38, 41].

2.9  Balloon Cell Nevi

Balloon cell nevi usually present as asymptom-
atic brown papules or polypoid lesions on the 
head/neck, trunk and extremities during the first 
three decades of life. They have typical histo-
pathological features: typical large, vesicular, 
clear melanocytes called balloon cells. Balloon 
cells are melanocytes with pale-staining and vac-
uolated cytoplasms with a deficit in melanosome 
formation [12]. They are commonly seen in 
young adolescents with multiple nevi [11]. The 
most common site of the lesion appears to be the 
head and neck areas, followed by the trunk and 
extremities [42]. Dermoscopically, numerous 
aggregated white to yellow globular/clod struc-
tures correlate with the balloon cells found in his-
topathology [43–45].

2.10  Sclerosing Nevi 
with Pseudomelanomatous 
Features

Sclerosing nevi with pseudomelanomatous fea-
tures or “nevi with regression-like fibrosis” 
(NRLF) are a recently classified entity which 
simulates regressing melanoma. They are induced 
by minor or unnoticed trauma on pre-existing 
nevi [46, 47]. NRLF is typically found on the 
convex area of the back of young to middle-aged 
men, i.e., the scapular area, probably due to the 
chronic trauma that frequently occurs in this 
body area or due to the effect of some concurrent 
“deep” inflammatory dermatosis (e.g., acne).

Dermoscopically, NRLF presents as atypical 
pigmented lesions showing overall features of 
regression, which is invariably extensive 
(between 10% and 50%) and polychromatic 
(coexisting white and blue areas), without 
melanoma- specific criteria [11, 12]. There are 
some criteria that rise the index of suspicion 
regarding NRLF: young or middle-aged patients; 
involvement of convex area of the back; regres-
sion with symmetric central distribution; blue or 
polychromatic regression; limited regression 
(<50% in the convex area of the back; <10% else-
where) [12].

Histopathologically, a typical trizonal pattern 
can be observed: (I) atypical junctional prolifera-
tion and pagetoid spreading; (II) atypical mela-
nocytic nests within dermal sclerosis; and (III) 
residual nevus tissue (often with congenital-like 
features) surrounding and within the cicatricial 
tissue [12]. In contrast with regressing mela-
noma, NRLF does not show cytological atypia, 
dermal mitosis, necrosis, tumoral melanosis, and 
nodules of atypical melanocytes [46, 47].

2.11  Targetoid Hemosiderotic Nevi

Targetoid hemosiderotic nevus (THN) is charac-
terized by the sudden development of an asymp-
tomatic ecchymotic, violaceous halo causing a 
target-like phenomenon around a long-lasting 
central elevated or exophytic nevus (globular 
nevi) [48]. It most frequently occurs on the upper 
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thorax of children and adolescents [48, 49]. 
Mechanical irritation, even not apparent, by 
clothing, shaving, or scratching is most common 
causes of injury. Tenderness and itching are com-
mon symptoms. It has been proposed that the rar-
ity of THN is due to its spontaneous and rapid 
regression [48]. The main differential diagnosis 
is with targetoid hemosiderotic hemangioma 
(THH) that appears as a single, small, annular 
target-like lesion on the trunk or an extremity of 
young adults. THN is composed of a brown to 
violaceous central papule surrounded by a thin, 
pale area and a peripheral ecchymotic ring that 
enlarged and subsequently disappears, while the 
central papule persists. Other differential diagno-
ses are melanoma, traumatized angiokeratoma, 
hemosiderotic dermatofibroma, and cockade 
nevus [50, 51].

Dermoscopically, THN presents the typical 
features of globular melanocytic nevus with vas-
cular hemorrhagic (red to purple or black) 
changes overlapped on the nevus and particularly 
around it: irregular sized and shaped, jet-black 
areas, and often comma-shaped vessels can be 
seen. The targetoid halo demonstrates a pale, ill- 
defined inner area surrounded by a homogeneous 
reddish zone with jagged margins [48, 49]. 
During the evolution, the central nevus persists 
and the ecchymotic halo ultimately disappears, 
without tendency to recur. Dermoscopy is of 
great help to differentiate blood (THH) from mel-
anin pigmentation (THN) [12].

On histopathological examination, fibrin 
deposits, extravasates of erythrocytes and an 
increased number of ectatic blood vessels with 
hobnail endothelial cells are detected, amalgam-
ated with nevus cells. Peripheral halo is charac-
terized by extensive hemorrhage and hemosiderin 
deposits together with irregular, thin-walled, slit- 
shaped vascular channels that dissect between 
collagen bundles of the papillary dermis. A mild 
eosinophilic inflammatory infiltrate is also 
observed. After the eczema disappears, only 
scant hemosiderin deposits, fibrosis, and few col-
lapsed vascular lumina in the papillary and mid- 
reticular dermis are seen [12].
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Dermoscopy for Melanoma

Alessandro Di Stefani and Luigi Cornacchia

3.1  Introduction

Melanoma has one of the fastest rising incidence 
rates of any cancer. It accounts for a small per-
centage of skin cancer cases but is responsible for 
the majority of skin cancer deaths. Although his-
tory and visual inspection of a suspicious lesion 
are usually the primary in a series of ‘tests’ to 
diagnose skin cancer, dermoscopy has become an 
essential tool to assist diagnosis by dermatolo-
gists [1]. It is well known that diagnosis of mela-
noma at an early stage is a critical factor in 
reducing morbidity and mortality rates. The 
accuracy of the clinical diagnosis of cutaneous 
melanoma with the unaided eye is only about 
60%. Published data reveal that the use of der-
moscopy improves the diagnostic sensitivity for 
melanoma by up to 35% compared to clinical 
examination alone, particularly in experienced 
practitioners. For the revolution determined by 
dermoscopy in the dermatologic semiology, the 
dermatoscope can be nowadays considered as the 
dermatologists’ stethoscope [2–5].

3.2  Non-glabrous Skin 
Melanoma

The two-step dermoscopy algorithm represents 
the basis for dermoscopic evaluation of skin 
lesions. It was introduced by the panel of the 
Consensus Internet Meeting on Dermoscopy in 
2003 and has successively undergone several 
modifications [6, 7] and was developed to serve 
as general guidelines, should be tailored with an 
open mind to the lesion at hand [8]. In the first 
step, the observer has to decide whether a lesion 
is melanocytic or nonmelanocytic, while in the 
second step the observer focuses on differentiat-
ing melanoma from benign melanocytic lesions 
using several diagnostic algorithms, such as pat-
tern analysis, ABCD rule of dermoscopy, 
Menzies method, 7-point checklist and CASH 
algorithm [9–12]. Other algorithms, such as the 
three-point checklist of dermoscopy, have been 
created with the purpose of allowing nonexperts 
to improve their diagnostic accuracy for the man-
agement of pigmented skin lesions, and particu-
larly for the early detection of melanoma [13]. 
According to the latest meta-analysis on the use 
of dermoscopy, there is no clear evidence that 
accuracy is improved by the use of any named or 
published algorithm to assist diagnosis [14].

In this chapter, we will focus instead on pat-
tern analysis method, through the description of 
the dermoscopic patterns and the specific dermo-
scopic structures of melanoma, which are best 
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suited for educational purposes, so that the reader 
can develop his own personal method of use of 
dermoscopy [1, 15]. In evaluating a melanocytic 
lesion using the pattern analysis method, it should 
be determined whether or not the lesion shows 
one of the global patterns and then the dermatolo-
gist proceeds to analyse the local features. The 
melanoma-specific structures are, by convention, 
termed atypical/irregular. Different terminolo-
gies exist to define morphologic structures in der-
moscopy, and many efforts have been made to 
standardize and make these terms more homoge-
neous and descriptive [16]. The terminology used 
herein is the traditional metaphoric one. The 
most frequent melanoma subtype in non-glabrous 
skin is the superficial spreading, and it is charac-
terized by the following global patterns: the mul-
ticomponent pattern, the nonspecific pattern and 
the atypical pattern. The multicomponent pattern 
is a combination of three or more patterns (e.g., 
reticular, globular, and homogeneous), asymmet-
rically distributed in the lesion (Fig.  3.1). The 
nonspecific pattern lacks any recognizable global 
pattern of pigmentation. A deviation from the 
benign patterns also defines an atypical pattern. 
The classic reticular pattern presents a diffuse 
pigment network composed of lines that have 
minimal variation in their colour and thickness. 
The holes of the network also appear homoge-
neous in size, and the network tends to fade 

towards the periphery. Other benign subtypes of 
the reticular pattern include the reticular patchy 
pattern, the peripheral reticular pattern with cen-
tral hypo/hyperpigmentation, peripheral reticular 
pattern with central globule or peripheral glob-
ules with central network. The homogeneous pat-
tern is characterized by a diffuse homogeneous 
structureless pattern in a stable and non-changing 
lesion; it is characteristic of the blue nevi. The 
globular pattern presents globules of similar 
shape, size and colour which are distributed 
throughout the lesion; globules may be large and 
angulated, creating a cobblestone pattern. A sym-
metrical combination of benign patterns also 
configures a benign pattern, as in the case of the 
two-component pattern, that presents a combina-
tion of two patterns with one half of the lesion 
manifesting one pattern and the other half another 
pattern [17, 18]. Lesions displaying a deviation 
from the benign patterns, a multicomponent or 
nonspecific pattern, are further examined for the 
melanoma-specific structures: atypical network, 
regression structures, blue-whitish veil, periph-
eral streaks, negative network, off-centred 
blotches, atypical dots and/or globules, atypical 
vascular structures, shiny white lines, brown 
peripheral structureless areas [19]. Atypical net-
work is characterized by increased variability in 
the width of the network lines, their colour and 
distribution; it may end abruptly at the periphery 
[20]. Regression structures, including granularity 
(also known as peppering) and scar-like areas, 
are characterized by the presence of blue and 
white areas within the same lesion, usually over-
lying macular areas. Irregular regression struc-
tures tend to be asymmetrically located and to 
involve more than 50% of the lesion [21]. Blue- 
whitish veil overlying raised areas is character-
ized by a confluent blue pigmentation with an 
overlying white “ground glass” haze, which tends 
to be asymmetrically located or diffuse in the 
nodular part of the lesion. Peripheral streaks 
(pseudopods and radial streaming) are radial pro-
jections located at the periphery of the lesion, 
extending from the tumour towards the 
 surrounding normal skin. The presence of irregu-
larly, asymmetric, and focally distributed streaks 
are highly suggestive of melanoma. Pseudopods 

Fig. 3.1 Superficial spreading melanoma in non- glabrous 
skin. Dermoscopy reveals a multicomponent pattern with 
the presence of atypical pigment network, irregular black 
dots and globules and regression structures as granularity 
and white scarlike area
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are finger-like projections with small knobs at 
their tips, whereas radial streaming indicates the 
same structures without the knobs [22]. Negative 
network is characterized by a relatively light 
areas making up the cords of the network and 
darker areas filling the holes; it has also been 
defined as reticular depigmentation [23]. Off-
centred blotches are black, brown and/or grey 
structureless areas with irregular shape and 
asymmetrical distribution within the lesion [24]. 
Atypical dots and/or globules are black, brown, 
round to oval variously sized structures, irregu-
larly distributed within the lesion. Atypical vas-
cular structures, linear-irregular, dotted and 
polymorphous/atypical vessels were the most 
frequent vascular structures in melanoma, 
whereas milky red globules/areas were the most 
predictive ones [25]. Shiny white lines (also 
known as crystalline structures and chrysalis) are 
thick, short, bright whitish linear structures, 
sometimes distributed in a roughly orthogonal 
fashion [26, 27]. Brown peripheral structureless 
areas may represent a suspicious feature, in par-
ticular when located at the periphery of the lesion 
[28] (Fig. 3.1).

3.3  Melanoma on Facial Skin

The most common subtype of melanoma present-
ing on the face is lentigo maligna (LM), which 
shows a different set of dermoscopic structures. 
Stratum corneum of facial skin is thinner than 
that of the trunk and limbs, while pilosebaceous 
units and sweat glands are densely present. The 
thin epidermis allows blood vessels or melano-
phages to be observed more easily; in addition, a 
conventional pigment network is rarely found on 
adult facial skin because the rete ridges are flat or 
absent, and consequently there is no presence of 
the pigmented network. Instead, a pseudonet-
work with a broad mesh and holes is created by 
the numerous pigment-free terminal and vellus 
hair follicles, as well as the openings of sweat 
glands. This pseudonetwork is location depen-
dent and therefore present in both melanocytic 
lesions and nonmelanocytic lesions, such as solar 
lentigo or seborrheic keratoses, on the face.

Stolz and colleagues have identified a progres-
sion model for LM, comprising four steps of 
invasion of the hair follicles, by dermoscopic 
examination [29]. Initially, one finds hyperpig-
mented, asymmetric, follicular openings, repre-
senting the uneven descent of malignant 
melanoma cells into individual hair follicles. 
With further progression, this initially thin under-
lining becomes thicker and irregular, creating 
signet-ring-shaped structures. Then short, fine 
streaks, dots, and globules appear around the fol-
licles, producing the annular-granular pattern. In 
this early phase, the pigmented structures are 
mainly caused by melanin in macrophages, not 
by melanoma cells, although later both may be 
responsible for the colour changes. Furthermore, 
pigmented, rhomboidal structures (lozenge- 
shaped) are created in the perifollicular area 
while progressing. As the hyperpigmentation 
coalesces, it may become homogeneous and 
blue-grey. Initially, follicular openings are 
respected, but eventually they are obliterated 
(Fig.  3.2). In advanced LM melanoma, white 
scarlike areas may be present as well as milky- 
red areas and other features associated with a ver-
tical growth phase like in the superficial spreading 
melanoma [29].

Pralong and colleagues described other four 
dermoscopic features in LM: darkening at der-
moscopic examination (the observation on der-

Fig. 3.2 Lentigo maligna melanoma of the face. 
Dermoscopic image showing atypical pseudo-network 
characterized by hyperpigmented and asymmetric follicu-
lar openings, annular-granular pattern with initial rhom-
boids structures and focal obliterated follicle
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moscopic images of the presence of a colour, 
invisible to the naked eye, and darker than all 
clinically observable shades of brown or grey); 
target-like pattern (the presence of a dark dot, 
that is not a hair, in the centre of the dark circle of 
a hyperpigmented hair follicle); red rhomboidal 
structure (a lozenge-shaped vascular pattern 
occurring in the area separating the hair follicles 
from the others); increased density of the vascu-
lar network, defined as a vascular network of 
higher density within the lesion than in periph-
eral skin [30]. Cognetta and colleagues described 
an additional dermoscopic structure for LM con-
sisting of fine concentric pigmented rings encir-
cling each other, named concentric isobar pattern 
and also known as circle within a circle [31]. 
Slutsky and colleagues described another criteria 
for LM, the polygonal structures (zig-zag lines), 
brown to bluish grey dots and lines arranged in an 
angulated linear fashion [32]. Peris and col-
leagues recently reported that in some cases of 
facial LM, the combination of light-to-dark irreg-
ular brown dots and globules, associated with 
brown background pigmentation, may represent 
the predominant dermoscopic clue for the diag-
nosis [33]. Another simple approach for diagnos-
ing malignant lesions on the face was based on 
the evaluation of grey colour as the only clue for 
malignancy. Although very easy to apply in prac-
tice, and promising in terms of sensitivity for 
melanoma (85.1%), its specificity was rather low 
(39.7%) [34]. Some algorithms have been pro-
posed to help in the differential diagnosis, in par-
ticular between facial LM and pigmented actinic 
keratosis that can show several of the above men-
tioned dermoscopic features [35].

3.4  Acral Melanoma

Acral melanoma (AM) includes those melano-
mas located on volar surfaces of the palms and 
soles. The most frequent subtype on volar skin is 
the acral lentiginous type. The particular anat-
omy of this region constituted by the parallel 
arrangement of dermatoglyph in ridges and fur-
rows leads to a peculiar disposition of the pig-
ment. On acral skin, it is usual to distinguish 

benign pigmented patterns and malignant pig-
mented patterns [36, 37]. The three benign pat-
terns are the parallel furrow pattern with its 
variants, the lattice-like pattern, and the fibrillar 
pattern. The presence of one or more of the three 
benign patterns within a pigmented multicompo-
nent acral lesion is not sufficient to rule out 
melanoma.

The two malignant patterns are the parallel 
ridge pattern and irregular diffuse pigmentation 
(Fig. 3.3) [37]. The parallel ridge pattern is char-
acterized by the presence of the pigment on the 
dermatoglyph’s ridges; the ridges are distin-
guished from the furrows not only by their eleva-
tion but also by their anatomic properties, namely 
they appear larger than the furrows and with the 
sweat-gland openings located in the centre. If this 
is not enough to make an accurate distinction 
between ridges and furrows, one can use the ink 
test (if ink is deposited on the acral skin, after 
gentle cleaning of the ink, its remnant stays in the 
furrows) [36]. Irregular diffuse pigmentation is 
characterized by the presence of multiple struc-
tureless areas of pigmentation of different shades 
of brown, grey, or black, generally arranged 
asymmetrically and irrespective of the dermato-
glyph architecture. The presence of irregular dif-
fuse pigmentation and parallel ridge pattern, even 
in a small portion of a lesion, has to be consid-
ered sufficient to suspect the diagnosis of mela-
noma (Fig. 3.3).

Fig. 3.3 Acral lentiginous melanoma. Dermoscopy dis-
plays a parallel ridge pattern and an irregular diffuse grey- 
black pigmentation in a structureless area at the 
periphery

A. Di Stefani and L. Cornacchia



41

Advanced melanoma of the palms and soles 
may also show dermoscopic features character-
istic of melanoma of non-glabrous skin, includ-
ing irregular dots/globules, irregular streaks, 
blue- white veil, regression structures and poly-
morphous vessels [37, 38]. Some algorithms 
(three-step algorithm and BRAAFF checklist) 
for improve the diagnostic accuracy of mela-
noma on the palms and soles have been proposed 
[39, 40].

3.5  Nail Melanoma

Pigmented nail-unit melanoma is initially char-
acterized by the presence of a brown/black back-
ground of the pigmentation and by a pigmented 
longitudinal band (melanonychia) with its lines 
characterized by irregular thickness, spacing, 
parallelism and colour. Sometimes melanoma 
presents with a very dark background that does 
not allow visualization of longitudinal lines [41]. 
The periungual spread of pigment is called the 
Hutchinson sign. It can involve the proximal and 
lateral nail folds and also the hyponychial skin, 
and it is considered a clue to the diagnosis of 
subungual melanoma. Occasionally an only- 
dermoscopically visible periungual pigmenta-
tion (also known as the micro-Hutchinson sign) 
is seen on the proximal nail-fold skin [42]. When 
the Hutchinson sign involves the hyponychium, 
dermoscopy reveals the parallel ridge pattern as 
in acral lentiginous melanoma [43]. Other clues 
significantly associated with nail melanoma are 
a width of the pigmented band higher than 2/3 of 
the nail plate, grey and black colour and a granu-
lar pigmentation, defined as fine light to dark 
brown granularity [44]. In more advanced pig-
mented melanoma, dermoscopic features also 
include scar-like depigmentation, prominent 
periungual pigmentation with a parallel ridge 
pattern, blue-black structureless areas, blood 
spots, atypical vasculature areas, erosion of the 
nail plate, or ulceration of the nail bed [45]. 
Amelanotic nail-unit melanoma presents as a 
subungual nodule that may ulcerate. This lesion 
is characterized by an atypical pattern of the ves-

sels (linear and irregular and/or multiple-pattern 
vessels and/or presence of milky red areas). Nail 
plate changes are also common [38].

3.6  Nodular Melanoma

Nodular melanoma is a rapidly growing neo-
plasm that accounts for 10%–30% of all mela-
nomas, frequently not diagnosed until 
progressing to an advanced stage. This variant 
often lacks the “classic” melanoma-specific cri-
teria; nevertheless, there are some clues that can 
help in a correct diagnosis [46]. Argenziano and 
colleagues introduced the “blue-back rule,” sug-
gesting that the simultaneous presence of blue 
and black pigmented areas involving at least 
10% of the lesion surface each were signifi-
cantly associated with pigmented nodular mela-
noma [47] (Fig. 3.4).

Zalaudek and colleagues suggested that 
“atypical” vascular structures, including poly-
morphic vessels, milky red areas and homoge-
neous red areas, are also significantly associated 
with the thickness of nodular melanoma [46–
48]. Sometimes also crystalline structures and 
other criteria visible with polarized light der-

Fig. 3.4 Nodular melanoma. Dermoscopic examinations 
revealing the simultaneous presence of blue and black 
pigmented areas involving almost the entire lesion sur-
face; polymorphic vessels can be observed at the 
periphery
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moscopy may be useful for the diagnosis, when 
associated with features suggesting melanocytic 
nature [26].

3.7  Amelanotic 
and Hypomelanotic 
Melanoma

Amelanotic and hypomelanotic melanoma are 
relatively rare, accounting for less than 2% of all 
melanomas. Their clinical recognition is particu-
larly difficult, since they might mimic several 
benign hypopigmented skin lesions, often result-
ing in a significant delay in diagnosis [1]. 
Amelanotic melanoma might develop as a red-
dish to pinkish macule, papule, plaque or nodule 
that rapidly changes in size, shape and colour. 
Hypopigmented melanoma displays small foci of 
pigmentation, more frequently located at the 
periphery of the lesion. Since the vast majority of 
melanoma-associated dermoscopic structures are 
pigmented, amelanotic melanoma is usually der-
moscopically “featureless” and thus difficult to 
recognize. The most useful dermoscopic criteria 
are a milky red colour and an atypical vascular 
pattern, consisting of either linear irregular ves-
sels or dotted plus linear vascular structures [46, 
49] (Fig. 3.5).

3.8  Follow-up or Excision?

The primary purpose of examining a skin lesion 
with a dermatoscope is to determine whether the 
lesion should be excised or not [1]. This decision 
should be based upon the combination of clinical 
and dermoscopic examination of the lesion in 
question as well as surrounding lesions and 
patient history (new growing lesion, personal and 
family history of melanoma and other skin can-
cers). In patients with multiple nevi, it is useful to 
identify the “signature nevus” pattern (the pre-
dominant type of nevus) as well as lesions that 
deviate from the predominant pattern (“ugly 
duckling” lesions), both clinically and dermo-
scopically [50, 51]. After a complete clinical and 
dermoscopic examination, if the lesion is consid-
ered to be benign, the patient can be reassured, 
educated on the importance of self-skin examina-
tion, and instructed to return if changes are 
detected. If the lesion is considered a melanoma, 
it must undergo excision and histological confir-
mation. If the lesion is considered suspicious, 
there are two options: perform an excision or 
short-term monitoring, which consists of compar-
ing digital dermoscopic images of the same lesion 
taken approximately 3–4 months apart, performed 
in specialized centres by experienced clinicians 
and only for moderately atypical lesions, which 
are not elevated on the skin surface, with no mel-
anoma-specific features or history of changes and 
in patients with good compliance. The detection 
of changes in dermoscopic criteria in a dermo-
scopic follow-up examination should suggest the 
surgical excision of the lesion [52]. Enlarging 
lesions in adults, especially if showing a periph-
eral rim of brown globules, should be surgically 
excised [53, 54]. Nodular, palpable lesions show-
ing atypical features should never be submitted to 
a dermoscopic follow-up, since the differential 
diagnosis is nodular melanoma. In such cases, 
surgical excision is mandatory [17, 55–59].
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4.1  Epithelial Tumors

4.1.1  Seborrheic Keratosis

Clinical Features
Early seborrheic keratoses are light brown mac-
ules with sharply demarcated borders. As the 
lesions progress, they transform into brownish 
papules with a verrucous surface. Diagnosis of 
seborrheic keratoses is mainly clinical, but in 
some cases differentiating them from malignant 
melanoma is difficult [1].

Dermoscopy Features

• Milia-like cysts are small, white or yellow cys-
tic structures resembling milia which shine 
brightly and correspond to intraepidermal 
cysts that are filled with keratin (Fig. 4.1a) [2, 
3]. They are better visible under non-polarized 
dermoscopy.

• Comedo-like openings are round, brown or 
black structures that correspond to keratin- 
filled invaginations (Fig. 4.1a) [2–4].

• Fissures are irregular linear depressions filled 
with keratin that give a brain-like o cerebri-
form appearance to the lesion. This pattern has 

also been named fissures and ridges or “gyri 
and sulci” (Fig. 4.1b, c) [2, 3].

• Fingerprint-like structures are thin, brown, 
parallel lines looking like fingerprints 
(Fig. 4.1b) [2, 3]. Although they can be seen in 
some flat seborrheic keratosis, they are pre-
dominant features of solar lentigo [5].

• Moth-eaten border is a sharply demarcated 
and irregularly concave border that gives a 
moth-eaten aspect to the lesion (Fig.  4.1b). 
This feature is typically seen in some flat seb-
orrheic keratosis on the face [2, 3, 6].

• Hairpin blood vessels are elongated vessels 
folded in a loop that resembles a hairpin. They 
are mainly distributed in the periphery of the 
lesions (Fig. 4.1d). In most of the cases, they 
are grouped together and surrounded by a 
hypopigmented halo, which gives them a 
“grape-like” appearance [2–4, 7].

• Network-like structures can be observed in 
pigmented seborrheic keratoses. This “reticu-
lation” is larger than those seen in a typical 
network of nevi and does not correspond to 
melanin pigment in keratinocytes or in mela-
nocytes along the dermal–epidermal junction 
but appears to be due to keratin-filled struc-
tures [2, 3].

• Sharp demarcation: An abrupt interruption of 
the edge of the lesion is often present [3].A. Rizzo (*) · N. Nami · E. Cinotti 
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4.1.2  Solar Lentigo

Clinical Features
Solar lentigines are pigmented benign lesions 
due to increased accumulation of melanin in 
keratinocytes [4]. They represent initial sebor-
rheic keratoses, and for this reason, they share 
some features with them [8]. They may be oval, 
round or irregular in shape and can vary from a 
few millimeters to a few centimeters in diameter 
(Fig.  4.2a). Most lesions have a uniform light 
brown color. However, there is a variant of solar 
lentigo that has a jet-black color named ink spot 
lentigo [3]. A differential diagnosis between solar 
lentigo and lentigo maligna, especially if located 
on the face, can be a challenge [8].

Dermoscopy Features

• Moth-eaten border is a shared feature with 
seborrheic keratosis (Fig. 4.2b) [3].

• A faint pigment network corresponds to an 
elongation of the rete ridges and to an increase 
in melanin in the keratinocytes of the basal 
layer of the epidermis [4, 6].

• Fingerprint-like structures can be found in 
seborrheic keratosis, but they are predomi-
nantly found in solar lentigo [4, 5, 8].

• Structureless areas are homogenous brown 
areas without distinct dermoscopic struc-
tures [3].

• Pseudonetwork is usually found in pigmented 
lesions of the face because of a scarce or 

a b

c d

Fig. 4.1 Seborrheic keratoses can assume various der-
moscopic features. (a) Typical comedo-like openings (red 
arrow) and milia-like cysts (yellow arrow) inside a dark 
brown lesion with sharply demarcated borders. (b) 
Fingerprint-like structures and a cerebriform pattern in the 
center of the lesion and at the periphery moth-eaten bor-

ders which can also be observed in solar lentigo. (c) 
Another example of a regular succession of fissures and 
ridges that give to the lesion a cerebriform pattern. (d) 
Hairpin vessels (green arrow) at periphery which are very 
common on traumatized seborrheic keratosis
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absent presence of rete ridges in this area. It is 
due to a diffuse basal pigmentation of the epi-
dermis interrupted by follicular and adnexal 
openings of the face (Fig.  4.2). The brown 
lines correspond to the pigment and the white 
holes to the openings of the adnexal structures 
[3, 8].

4.1.3  Lichen Planus-like Keratosis

Clinical Features
Lichen planus-like keratosis (LPLK) usually 
presents as a small single lesion, pink to gray- 
blue, which is mainly localized on the trunk, head 
or neck (Fig. 4.3a) [9]. It is the result of an inflam-
matory process to eliminate an epidermal lesion 
like a solar lentigo or a seborrheic keratosis that 

generally resolves spontaneously in a variable 
time [10]. Typically, there are two phases: inflam-
mation followed by regression [11].

Dermoscopy Features
Dermoscopy features change with lesion pro-
gression [10]. In the initial phase, a light brown 
pseudonetwork and pinkish area are predomi-
nant. In the late regressing stage, regularly dis-
tributed annular granular structures and blue-gray 
fine dots are visible. In the late stage, a lichenoid 
keratosis might show irregular dots or globules 
(Fig. 4.3b), irregular streaks or rhomboid struc-
tures and simulate lentigo maligna. In these 
cases, a biopsy is necessary [9, 10].

• Light brown pseudonetwork is due to residual 
solar lentigo or seborrheic keratosis [10].

• Pinkish area is a homogeneous area on the 
background corresponding to capillary 

a

b

Fig. 4.2 Solar lentigo of the face: Clinical (a) and dermo-
scopic (b) aspect. Dermoscopy (b) shows uniform light 
brown structureless areas that form and a pseudo-network 
interrupted by white holes; concave borders give at the 
periphery a moth-eaten aspect to the lesion

a

b

Fig. 4.3 Lichen planus like keratosis: Clinical (a) and 
dermoscopic (b) images. Regressing stage with blue-gray 
fine dots diffuse regularly on the lesion and residual light 
brown pseudonetwork at the periphery
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 dilatation during the inflammatory lichenoid 
reaction [10].

• Blue-gray fine dots/annular granular struc-
tures correspond to melanophages and can 
be localized or diffuse on the lesion. The 
localized granular pattern has the charac-
teristic “salt-and-pepper” appearance 
(Fig. 4.3b) [9, 10].

4.1.4  Clear Cell Acanthoma

Clinical Features
It presents as a solitary pink papule mainly local-
ized on the lower extremities (Fig.  4.4a) [12]. 
The differential diagnosis should include pyo-
genic granuloma, dermatofibroma, basal cell car-
cinoma, Bowen disease, amelanotic melanoma 
and even psoriasis [12, 13].

Dermoscopy Features
Clear cell acanthoma shows dermoscopically a 
stereotypical and specific vascular pattern [14].

• String of pearls pattern is characterized by dot-
ted or glomerular vessels arranged in linear or 
serpiginous patterns that resembles a string of 
pearls (Fig.  4.4b). Multiple linear formations 
combine to form a reticular model that can 
cover the entire lesion or only a part of it. Dotted 
or glomerular vessels can be a feature of other 
lesions like psoriasis, Bowen’s disease, dysplas-
tic nevi, Spitz nevi, or melanomas. However, in 
these conditions, vessels are not organized in 
this distinct vascular pattern [7, 13].

• Pink background: The background upon which 
the vessels are set is typically pale pink [12].

4.2  Vascular Tumors

4.2.1  “Cherry” Angioma

Clinical Features
“Cherry” angiomas are very common benign 
skin tumors due to an abnormal proliferation of 
blood vessels [15]. They are more frequent with 
advancing age and are mainly distributed on the 
trunk.

Clinically, hemangioma appears as a small 
cherry red to violaceous macule, papule, or pol-
ypoid papule (Fig. 4.5a). In some cases, a partial 
thrombosis of the angioma appears clinically as a 
focal change of color, including black. This may 
clinically mimic melanoma [3, 11, 15].

Dermoscopic Features

• Lacunae are the common dermoscopic feature 
in vascular lesions. They are round or oval, red 
to violaceus and well-demarcated structures 
(Fig. 4.5b) [3, 15].

4.2.2  Angiokeratoma

Clinical Features
Angiokeratomas are benign vascular lesions that 
consist of dilated vessels associated with overly-

a

b

Fig. 4.4 Clear cell acanthoma: clinical (a) and dermo-
scopic (b) images. Dermoscopy examination shows red 
dotted vessels arranged in linear pattern forming a string 
of pearls
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ing hyperkeratosis [16]. Clinically, they are red 
to black papules or nodules with a keratotic sur-
face (Fig. 4.6a).

Dermoscopic Features
Angiokeratomas are often mistaken for other 
tumors like melanoma or pigmented basal cell 

carcinomas. Dermoscopy examination has 
improved the diagnosis of these lesions [15, 17].

• Lacunae in angiokeratoma can be red or dark. 
The dark lacunae are the most frequent der-
moscopic finding and have high specificity. 
The dark color corresponds to vascular spaces 
that are partially or completely thrombosed 
(Fig. 4.6b) [15, 16].

• Whitish veil is a whitish structureless area due 
to hyperkeratosis and acanthosis overlying the 
vascular spaces [15, 16].

• Hemorrhagic crusts are visible if the lesion is 
traumatized and/or thrombosed [15, 16].

4.2.3  Pyogenic Granuloma

Clinical Features
Pyogenic granuloma is a common, benign, 
acquired, vascular lesion of the skin and mucous 
membranes that represent a reactive hyperprolif-
erative vascular response to a variety of external 
stimuli [18].

It usually presents as a solitary, rapidly grow-
ing, papule or polyp that bleeds easily after minor 
trauma (Fig. 4.7a). In most cases, patient history, 
clinical appearance, and dermoscopic patterns 
allow to make the correct diagnosis. However, in 
some cases, the differential diagnosis with amel-
anotic melanoma and other tumors can be diffi-
cult, and surgical removal and histopathological 
study should be considered mandatory in adult-
hood [18, 19].

a

b

Fig. 4.5 Cherry angioma: Clinical (a) and dermoscopic 
(b) images. On dermoscopy, it is possible to observe red 
to violaceus, well-demarcated multiple lacunae

a b

Fig. 4.6 Angiokeratoma: Clinical (a) and dermoscopic (b) images. Dermoscopy (b) shows dark lacunae
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Dermoscopic Features

• Red-whitish homogeneous area is a red- 
whitish structureless area (Fig. 4.7b) that his-
topathologically corresponding a proliferation 
of capillary-sized vessels set in a myxoid 
stroma or separated by fibrous connective tis-
sue septa [19]. It is the most common dermo-
scopic structure seen in pyogenic granulomas 
although is a nonspecific because it is com-
monly found in other tumors, especially amel-
anotic melanomas.

• White collarette is a ring-shaped whitish bor-
der at the periphery of the lesion (Fig. 4.7b) 
and corresponds to an epidermal collarette 
formed by elongated rete ridges or sweat 
ducts. It is the most specific structure for pyo-
genic granulomas [19].

• White rail lines are white lines similar to 
double rail that intersect the lesion (Fig. 4.7b) 
and correspond histologically to the fibrous 
septa that surround the small vessels [18, 19].

• Vascular structures usually are irregular linear 
vessels that are also the most common vascu-
lar structures observed in melanomas [19].

4.3  Connective Tissue Tumors

4.3.1  Dermatofibroma

Clinical Features
Dermatofibromas are common benign fibrosing 
cutaneous tumors characterized by an increased 
number of fibrocytes in the dermis. Clinically 
they appear as single papules with a smooth 
surface with a color variable from light brown 
to dark brown, purple, or yellow (Fig.  4.8a). 

a

b

Fig. 4.7 Pyogenic granuloma: Clinical (a) and dermo-
scopic (b) images. Dermoscopy (b) shows typical red- 
whitish homogeneous areas, white rail lines that intersect 
the lesions and a peripheral white collarette

a

b

Fig. 4.8 Dermatofibroma: Clinical (a) and dermoscopic 
(b) images. On dermoscopy (b) it is well recognizable as 
a white scar-like area at the center of the lesion and a 
peripheral light brown network
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They most frequently affects young adults and 
have a predilection for the lower extremities 
[20]. On palpation, lesions are firm and produce 
the “dimple sign” with the lateral compression 
[3, 21].

Dermoscopy Features
The most common pattern is pigment network 
and central white patch that is usually is easy to 
recognize. However, this tumor has a wide range 
of presentations, and in some cases, the differen-
tiation from melanoma and other tumors may be 
difficult [20–22].

• Central white patch is a white scar-like area 
localized in the center of the lesion corre-
sponding to the fibrotic area of the tumor 
(Fig.  4.8b) [3]. Vascular structures can be 
present in this area [21]. Mostly in large 
lesions, it is possible to see a central white net-
work (white shiny streaks) [20].

• Peripheral pigment network is usually light 
brown and delicate and gradually fades at 
the periphery of the lesion (Fig. 4.8b). The 
pigment network results from the accumu-
lation of melanin into basal keratinocytes. 
In some cases, the progressive accumula-
tion of melanin can give a homogenous 
brown area [3, 20]. Although the pres-
ence of a pigment network is a major 
dermoscopic criterion for melanocytic 
lesions, dermatofibroma defies this rule. 
Dermatofibromas with prominent or atypi-
cal pigment network may be difficult to 
differentiate from melanoma and biopsy is 
mandatory [20, 22].

4.3.2  Lymphangioma

Clinical Features
Lymphangiomas are localized proliferations of 
lymphatic vessels which present as clusters of 
translucent vesicles, resembling frog spawn, 
containing serum, and serohematic fluid. The 
color changes from pink to purple reflecting 
hemorrhage into the lymphatic spaces [11, 23, 
24]. The main differential diagnoses are with 

lymphangiectasis, hemangioma, angiokeratoma, 
molluscum contagiosum [23].

Dermoscopic Features

• Yellow Lacunae are roundish areas corre-
sponding to the lymphatic vessels that contain 
clear fluid without blood. They are typically 
surrounded by pale septa [23, 24].

• Reddish to bluish lacunae can be present sue 
to the inclusion of blood in the lymphatic ves-
sels. This presentation makes the differential 
diagnosis with hemangioma difficult [25]. In 
some of these lacunae, it is possible to see an 
additional dermoscopic clue “feature similar 
to the hypopyon.” This pattern is due to the 
accumulated blood in the lowest part of the 
lacuna resulting in an appearance similar to 
the so-called hypopyon of the eye [23, 26].

4.4  Adnexal Tumors

4.4.1  Sebaceous Hyperplasia

Clinical Features
Sebaceous hyperplasia is a benign proliferation of 
the sebaceous glands that clinically appears as a 
small yellow or white papule with a central umbil-
ication (Fig. 4.9a) [27]. It is more common with 
increasing age and is mainly localized on the face 
[27]. If large they may mimic skin cancers, par-
ticularly nodular basal cell carcinomas [27, 28].

Dermoscopy Features

• Yellow/white globules: White or yellow ovoid 
aggregated areas resembling a cumulus cloud 
(Fig.  4.9b). This feature is called cumulus 
sign and corresponds to the accumulation of 
sebum produced by hyperplastic sebaceous 
glands [28].

• Crown vessels: Scarcely branched vessels at 
the periphery of the lesion that may extend 
toward the center but which do not cross it 
(Fig. 4.9b) [7, 29].

• Central umbilication is also called “Bonbon 
toffee sign” (Fig. 4.9a).
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4.4.2  Eccrine Poroma

Clinical Features
Eccrine poroma is a rare benign adnexal tumor 
that originates from the terminal ductal portion of 
the sweat glands. It usually appears as non- 
pigmented nodule or papule even if a pigmented 
variant exists. It is typically located on palms and 
soles which are the sites with higher concentra-
tion of eccrine sweat glands [30]. Because of its 
morphologic variability, it is usually difficult to 
recognize and is often confused with other skin 
tumors. For these reasons, eccrine poroma can be 
considered as “great imitator,” and the diagnosis 
remains histopathological [31]. However, some 
dermoscopic features that may be useful in dif-
ferentiating the eccrine poroma from other skin 
tumors have been described [32].

Dermoscopy Features

• Vessels are mainly glomerular and hairpin 
shaped, followed by linear irregular vessels 
[32].

• Halo is a white-to-pink halo surrounding the 
vessels. It is the most frequently dermoscopic 
feature found [32].

• Structureless areas: Multiple round to oval, 
pink to white structureless areas are often 
observed [32].

References

 1. Salerni G, Alonso C, Gorosito M, Fernández-Bussy 
R.  Seborrheic keratosis-like melanoma. J Am Acad 
Dermatol. 2015;72(1 Suppl):S53–5.

 2. Braun RP, et al. Dermoscopy of pigmented seborrheic 
keratosis: a morphological study. Arch Dermatol. 
2002;138(12):1556–60.

 3. Malvehy J, Braun RP, Puig S, Marghoob AA, Kopf 
AW.  Handbook of dermoscopy. Oxon, UK: CRC 
Press; 2006.

 4. Elgart GW. Seborrheic keratoses, solar lentigines, and 
lichenoid keratoses. Dermatoscopic features and cor-
relation to histology and clinical signs. Dermatol Clin. 
2001;19(2):347–57.

 5. Schiffner R, et al. Improvement of early recognition 
of lentigo maligna using dermatoscopy. J Am Acad 
Dermatol. 2000;42(1 Pt 1):25–32.

 6. Kelly CAPJ. An atlas of surface microscopy of pig-
mented skin lesions: dermoscopy, 2nd edn. Australas 
J Dermatol. 2003;44(4):303–4.

 7. Zalaudek I, Kreusch J, Giacomel J, Ferrara G, 
Catricalà C, Argenziano G. How to diagnose nonpig-
mented skin tumors: a review of vascular structures 
seen with dermoscopy: part II. Nonmelanocytic skin 
tumors. J Am Acad Dermatol. 2010;63(3):377–86; 
quiz 387–388.

 8. Sahin MT, Oztürkcan S, Ermertcan AT, Güneş AT. A 
comparison of dermoscopic features among lentigo 
senilis/initial seborrheic keratosis, seborrheic kerato-
sis, lentigo maligna and lentigo maligna melanoma on 
the face. J Dermatol. 2004;31(11):884–9.

 9. Raptoulis G, Spencer R, Einstein B, Oliviero M, 
Braun R, Rabinovitz H. Lichen planus-like keratosis 
of the face: a simulator of melanoma in situ. Dermatol 
Surg. 2007;33(7):854–6.

 10. Watanabe S, Sawada M, Dekio I, Ishizaki S, 
Fujibayashi M, Tanaka M.  Chronology of lichen 
planus-like keratosis features by dermoscopy: a 
summary of 17 cases. Dermatol Pract Concept. 
2016;6(2):29–35.

 11. Bowling J.  Diagnostic dermoscopy: the illustrated 
guide. Oxford, UK: Wiley-Blackwell; 2011.

a

b

Fig. 4.9 Sebaceous hyperplasia: Clinical (a) and dermo-
scopic (b) images. On dermoscopy (b) sebaceous hyper-
plasia shows a central umbilication, aggregated yellow 
globules (cumulus sign) and crown vessels at the periph-
ery which do not cross the center

A. Rizzo et al.



53

 12. Cunha DG, Kassuga-Roisman LEBP, Silveira LKCB, 
de Macedo FC.  Dermoscopic features of clear cell 
acanthoma. An Bras Dermatol. 2018;93(3):449–50.

 13. Zalaudek I, Hofmann-Wellenhof R, Argenziano 
G.  Dermoscopy of clear-cell acanthoma dif-
fers from dermoscopy of psoriasis. Dermatology. 
2003;207(4):428; author reply 429.

 14. Tiodorovic-Zivkovic D, Lallas A, Longo C, Moscarella 
E, Zalaudek I, Argenziano G.  Dermoscopy of clear 
cell acanthoma. J Am Acad Dermatol. 2015;72(1 
Suppl):S47–9.

 15. Grazzini M, et al. Dermoscopy, confocal laser micros-
copy, and hi-tech evaluation of vascular skin lesions: 
diagnostic and therapeutic perspectives. Dermatol 
Ther. 2012;25(4):297–303.

 16. Zaballos P, et  al. Dermoscopy of solitary angio-
keratomas: a morphological study. Arch Dermatol. 
2007;143(3):318–25.

 17. Kim JH, Kim MR, Lee S-H, Lee SE, Lee 
SH.  Dermoscopy: a useful tool for the diagnosis of 
angiokeratoma. Ann Dermatol. 2012;24(4):468–71.

 18. Zaballos P, Llambrich A, Cuellar F, Puig S, Malvehy 
J. Dermoscopic findings in pyogenic granuloma. Br J 
Dermatol. 2006;154(6):1108–11.

 19. Zaballos P, et al. Dermoscopy of pyogenic granuloma: 
a morphological study: dermoscopy of pyogenic gran-
uloma. Br J Dermatol. 2010;163(6):1229–37.

 20. Zaballos P, Puig S, Llambrich A, Malvehy 
J.  Dermoscopy of dermatofibromas: a prospective 
morphological study of 412 cases. Arch Dermatol. 
2008;144(1):75–83.

 21. Ferrari A, et al. Typical and atypical dermoscopic pre-
sentations of dermatofibroma. J Eur Acad Dermatol 
Venereol. 2013;27(11):1375–80.

 22. AlJasser MI, Martinka M, Kalia S. Dermatofibroma 
mimicking melanoma dermoscopically. Clin Exp 
Dermatol. 2014;39(1):69–70.

 23. Massa AF, Menezes N, Baptista A, Moreira AI, 
Ferreira EO. Cutaneous lymphangioma circumscrip-
tum—dermoscopic features. An Bras Dermatol. 
2015;90(2):262–4.

 24. Jha AK, Lallas A, Sonthalia S. Dermoscopy of cuta-
neous lymphangioma circumscriptum. Dermatol 
Pract Concept. 2017;7(2):37–8.

 25. Arpaia N, Cassano N, Vena GA.  Dermoscopic fea-
tures of cutaneous lymphangioma circumscriptum. 
Dermatol Surg. 2006;32(6):852–4.

 26. Gencoglan G, Inanir I, Ermertcan AT. Hypopyon-like 
features: new dermoscopic criteria in the differen-
tial diagnosis of cutaneous lymphangioma circum-
scriptum and haemangiomas? J Eur Acad Dermatol 
Venereol. 2012;26(8):1023–5.

 27. Oztas P, Polat M, Oztas M, Alli N, Ustun H. Bonbon 
toffee sign: a new dermatoscopic feature for seba-
ceous hyperplasia. J Eur Acad Dermatol Venereol. 
2008;22(10):1200–2.

 28. Bryden AM, Dawe RS, Fleming C.  Dermatoscopic 
features of benign sebaceous proliferation. Clin Exp 
Dermatol. 2004;29(6):676–7.

 29. Zaballos P, Ara M, Puig S, Malvehy J. Dermoscopy 
of sebaceous hyperplasia. Arch Dermatol. 
2005;141(6):808.

 30. Bombonato C, Piana S, Moscarella E, Lallas A, 
Argenziano G, Longo C. Pigmented eccrine poroma: 
dermoscopic and confocal features. Dermatol Pract 
Concept. 2016;6(3):59–62.

 31. Lallas A, et  al. Eccrine poroma: the great dermo-
scopic imitator. J Eur Acad Dermatol Venereol. 
2016;30(10):e61–3.

 32. Ferrari A, et  al. Eccrine poroma: a clinical- 
dermoscopic study of seven cases. Acta Derm 
Venereol. 2009;89(2):160–4.

4 Dermoscopy for Non-melanocytic Benign Skin Tumors



55© Springer Nature Switzerland AG 2020 
M. Fimiani et al. (eds.), Technology in Practical Dermatology, 
https://doi.org/10.1007/978-3-030-45351-0_5
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Malignant Skin Tumors
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5.1  Dermoscopic Criteria of BCC

Basal cell carcinoma is the most common skin 
cancer affecting middle-aged and fair-skinned 
individuals. Sun exposure is one of the main 
BCC risk factors, other risk factors include PUVA 
therapy, radiation therapy, immunosuppressive 
medications, and chronic arsenic toxicity. Genetic 
involvement has been demonstrated in patients 
with familial basal cell nevus syndrome (Gorlin 
syndrome).

There are different clinicopathologic types, 
namely nodular, micronodular, superficial, mor-
pheaform, fibroepithelial, and basosquamous. 
Each subtype can be clinically pigmented or not 
pigmented. According to the degree of pigmenta-
tion, some BCCs can mimic melanoma or other 
pigmented skin lesions [1].

The use of dermoscopy has improved BCC 
detection and is also useful in the management of 
BCC because it can help discriminating superfi-
cial BCCs from other non-superficial subtypes, 
thus helping the treatment decision.

Dermoscopic pattern of BCC depends on a 
combination of several factors which are asso-
ciated with the patient (gender, age, pigmentary 
trait) and others related with histopathologic 
subtype and anatomic site. Dermoscopy struc-

tures can be divided into three different groups: 
vascular structures, structures related to pig-
ment, and nonvascular non-pigmented struc-
tures [2].

5.1.1  Vascular Structures

5.1.1.1  Arborizing Vessels (Branched 
Vessels)

These consist of stem vessels of large caliber, usu-
ally longer than 1 mm, with multiple branching 
capillaries in a tree-like pattern. The vessels are 
shiny red and sharp in focus due to their position 
just beneath the epidermidis. Histopathologically, 
the arborizing vessels are wide vessels, and they 
represent the supportive neovasculature of the 
dermal basal cell tumor islands. This dermoscopic 
feature is mainly associated mainly with nodular 
BCC [3, 4].

5.1.1.2  Short Fine Telangiectasias 
(Serpentine Vessels)

They are superficial short, fine vessels less than 
1 mm long with a small diameter without clear- 
cut tree-like ramifications. It is common to see 
these structures in white to red background. They 
are located in the papillary dermis [3, 4].
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5.1.2  Structures Related to Pigment

5.1.2.1  Blue-Gray Ovoid Nests (Blue, 
Gray Clods)

These structures are made of well-defined oval- 
shaped large melanin nests. Histopathologically, 
the presence of an ovoid nest corresponds to a 
tumor island with pigment aggregates located in 
the dermis. It is easy to find these structures in a 
nodular BCC. Blue-gray globules are similar to 
blue-gray ovoid nests, but the difference is the 
size, indeed the blue-gray globules are smaller 
than the ovoid nests.

5.1.2.2  Multiple Blue-Gray Globules
Blue-gray globules are well-circumscribed oval/
round structures, larger than dots but smaller than 
ovoid nests. The color of these structures depends 
on their location in the dermis, usually they are 
located in papillary dermis and/or reticular der-
mis, sometimes they are blue or gray, but they 
can also be brown or pink. These structures cor-
respond to tumor islands located in the dermis 
and can be seen in all BCC subtypes.

5.1.2.3  In-Focus Dots
These structures are formed by a small, well- 
defined gray dot which appears in focus at der-
moscopic examination. Histopathologically, 
these dots corresponds to melanophages and free 
pigment along the dermo–epidermal junction.

5.1.2.4  Spoke Wheel Areas (Radial 
Lines that Converge at a Central 
Dot or Clod)

These are a radial projections converging at cen-
tral darker point. Usually these projections are 
brown/tan, but it is possible to find other colors 
like blue or gray. In dermoscopy, it is rare to find 
these structures, but they are specific for BCC 
especially for the superficial subtype. On micros-
copy, they correspond to tumor nests connected 
to the epidermis.

5.1.2.5  Maple Leaf-like Areas 
(Peripheral Radial Lines 
with a Common Base)

These areas are defined as linear extensions con-
nected to a common base area, generating a leaf- 

like pattern. They are usually brown or gray in 
color. This dermoscopic feature is quite specific 
for superficial BCC. Sometimes these extensions 
can be mistaken with the steaks seen in mela-
noma. In histopathology, this dermoscopic fea-
ture corresponds to multifocal tumor nests 
containing pigment connected to each other by 
lobular extensions. These structures are localized 
in the epidermidis.

5.1.2.6  Concentric Structures
They represent the “predecessor” of the spoke 
wheel areas. On dermoscopy, they appear like 
irregular globular structures with different colors 
(blue, gray, brown, black) and a darker central area.

5.1.3  Non-Vascular Non-Pigmented 
Structures

5.1.3.1  Ulceration
Ulceration is characterized by the loss of epider-
mis and a portion of the dermis; these shallow ero-
sions may be covered with coagulated blood or 
serous crust. On dermoscopy, these areas appear as 
structureless areas of red to black color. It is com-
mon to find these structures in nodular tumors.

5.1.3.2  Multiple Small Erosions
These structures are smaller in size than ulcer-
ations and usually covered with a yellowish crust 
with maximum diameter less than 1  mm. 
Histopathologically, it is possible to see a com-
plete or partial absence of epidermis, and gener-
ally they are associated with superficial BCC.

5.1.3.3  Shiny White-Red Structureless 
Areas

Appear as areas of white to red color sometimes 
translucent or opaque. This dermoscopic feature 
corresponds to fibrosis in the dermis associated 
with tumor stroma.

5.1.3.4  Chrysalis or White Streaks 
(White Lines)

It is possible to see these structures only with 
polarized dermoscopy and consist in short and 
thick white lines corresponding to dermal 
fibrosis.
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5.2  Basosquamous Carcinoma

This tumor shows basaloid and squamoid differ-
entiation, resulting in a more aggressive tumor 
compared to BCC. Indeed local invasion is com-
mon, and there is a possibility of distant metasta-
sis. On dermoscopy, it is possible to see unfocused 
arborizing vessels, short fine telangiectasia, 
ulceration, blue-gray globules, keratin masses 
with blood crusts, and white structureless areas. 
Histopathologically, it is common to find features 
related to both BCC and SCC [5] (Fig. 5.1).

5.3  Squamous Cell Carcinoma

Squamous cell carcinoma is the second most 
common skin cancer after basal cell carcinoma, 
with an increasing incidence in the last decades. 

This tumor typically occurs in elderly, fair- 
skinned individuals. It usually arises on sun- 
exposed areas of the skin, common sites are the 
face, scalp, neck, forearms, dorsal hands, and 
lower lips.

The most frequent presentation of SCC in situ 
is an erythematous scaly patch or elevated plaque. 
Invasive SCC is often an indurated firm, skin col-
ored or pink to red nodule whose growth can 
progress rapidly. Other presentations include 
plaque like papilomatous or exophytic morphol-
ogy [6]. About 2% of SCCs are fatal, while the 
majority have a good prognosis.

SCC can cause relevant morbidity because its 
recurrence rate after surgery is high. The risk of 
recurrence depends on many factors like patient’s 
immune efficiency, tumor size, location, perineu-
ral involvement, and the grade of histopathologi-
cal differentiation. Poor differentiation is a risk 

a b

c d

Fig. 5.1 Dermoscopy of basal cell carcinoma. (a) 
Nodular non-pigmented BCC, arborizing vessels well in 
focus. (b) Nodular pigmented BCC with arborizing ves-
sels and multiple blue globules. (c) Superficial non- 

pigmented BCC, white-pink background, and multiple 
small erosions. (d) Superficial pigmented BCC, white 
structureless central area, multiple gray-brown dots, and 
concentric structures
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factor for recurrence, in contrast, well- 
differentiated SCCs have a better prognosis.

The most common dermoscopic criteria of 
SCC are summarized in Table 5.1 [7].

5.3.1  Bowen’s Disease (BD)

Is an intraepithelial carcinoma or in situ squa-
mous cell carcinoma most frequent in women 
and occurs on the lower extremities. The risk of 
progression of BD to invasive SCC varies 
between 3% and 20%. There are two different 
forms: pigmented and non-pigmented (Fig. 5.2).

5.3.2  Non-pigmented BD

The clinical appearance of classical non- 
pigmented BD is an erythematous, well- 
demarcated plaque with a scaly surface that may 
be eroded or ulcerated. The growth of this tumor 
is slow. On dermoscopy, BD is characterized by 
two types of vascular patterns: small dotted ves-
sels and glomerular vessels. The glomerular ves-
sels represent a variation on the theme of dotted 
vessels, they are a tortuous capillaries larger than 
dotted vessels and are often distributed in cluster 
mimicking the glomerular apparatus of the 

Table 5.1 Dermoscopic features of SCC

Criterion Definition
Erythema Structureless pale-red background
Pink 
structureless 
areas

Structureless pink areas in the 
absence of any recognizable 
structure

Rosettes Four aggregated white, small dots 
in correspondence to follicular 
opening in square criteria. These 
structures look like four-leaf clover

White 
structureless 
areas

White structureless areas in the 
absence of any structure not 
corresponding to scales/keratin, 
they may cover large areas of the 
tumor

White circles/
targetoid hair 
follicle

Round structures composed of 
yellow to brown structureless center 
and white outer rim, this pattern 
corresponds to keratotic plugs 
within follicular openings

Erosion/
ulceration

Small to large red to brown 
structureless areas

Scales White or yellow areas on the 
tumor’s surface

Keratin mass White or yellow keratin mass 
located at the center of the lesion, 
without any recognizable structure

Dotted vessels Tiny red dots distributed next to 
each other

Glomerular 
vessels

Variation on theme of dotted vessels 
but distributed in cluster, they have 
convoluted morphology

Polymorphic 
vessels

Presence of vessels with different 
morphology and dimension

a b

Fig. 5.2 Dermoscopy of Bowen’s disease. (a) Non- 
pigmented BD, with structureless white area and multiple 
clustered dotted/glomerular vessels. (b) Pigmented BD, 

with structureless white area and multiple brown dots in a 
line at the periphery of the lesion
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kidney. Histopathologically, this dermoscopic 
criterion corresponds to dilated capillaries in the 
dermal papillae and papillary dermis. Additional 
dermoscopic feature is the presence of white to 
yellow surface scales corresponding to hyperker-
atosis [8].

5.3.3  Pigmented BD

Pigmented Bowen’s disease is an uncommon 
variant and is more common in darker skin phe-
notypes. The clinical differential diagnosis 
includes a melanocytic lesion, pigmented basal 
cell carcinoma, solar lentigo, seborrheic kerato-
sis, and pigmented actinic keratosis. On dermos-
copy, it is possible to find small brown or gray 
dots which are regularly packed in a patchy 
 distribution, brown structureless areas, and 
hypopigmented (white to pink) structureless 
areas. Rarely it is possible to see pigment net-
work and streaks [9].

5.3.4  Keratoacanthoma (KA)

KA is a well-differentiated variant of squamous 
cell carcinoma. Clinically, it is characterized by 
an initial rapid growth followed by spontaneous 
involution over 4–6  months. KA appears as a 
concentric circle of central crater, surrounded by 
a whitish area and adjacent peripheral vessels. 
Dermoscopy of KA shares some features with 
SCC, but there are several dermoscopic criteria 
that may help to distinguish KA from SCC. The 
most important dermoscopic feature is the pres-
ence of white circles also called targetoid hair 
follicles. These are round structures composed of 
yellow to brown structureless center and white 
outer rim. The follicle may have a targetoid 
appearance with central keratotic plug sur-
rounded by the white halo [10]. Histophologically, 
they reveal acanthosis and hypergranulosis of the 
infundibular epidermidis. Another dermoscopic 
feature is the keratin mass located at the center of 
the tumor. This appears as an amorphous struc-
tureless white to yellow area that is surrounded 
by elongated telangiectasias which appear as lin-

ear irregular vessels (serpentine vessels) with a 
large caliber and few branches. In addition to 
these criteria, it is common to find hairpin and 
dotted vessel, this gives to KA a polymorphous 
patter. Thus, the typical dermoscopic pattern of 
KA consists of peripherally distributed elongated 
vessels and centrally located keratin masses.

5.3.5  Invasive Squamous Cell 
Carcinoma

Invasive squamous cell carcinoma appears clini-
cally as a papulonodular, plaque-like, ulcerated 
papilomatous or exophytic lesion. The dermo-
scopic pattern is closely related to the grade of 
histopathological differentiation. Well- 
differentiated and moderately differentiated 
SCCs display signs of keratinization as a central 
distribution of scales/keratin, white structureless 
areas, yellow keratotic follicular plug surrounded 
by a white rim (white circle), and areas of ulcer-
ation. At the periphery, it is common to see hair-
pin vessels and linear irregular vessels 
(serpentine). In contrast, poorly differentiated 
SCCs are clinically typified by a flat appearance, 
on dermoscopy they reveal a predominant red 
color and the lack of signs of keratinization [11]. 
They are characterized by polymorphous vascu-
lar pattern with hairpin vessels, glomerular and 
dotted vessels, linear irregular vessels over a red-
dish background. In conclusion, the presence of 
vessels in more than 50% of the lesion and bleed-
ing are markers of poor differentiation, while 
scales, keratin, and white circles are indicative of 
well- or moderately differentiated tumors [12, 
13] (Fig. 5.3).

5.3.6  Pigmented Squamous Cell 
Carcinoma

Pigmented SCC is an uncommon variant. This 
tumor can present dermoscopic features typical 
of melanocytic lesion such homogeneous blue 
pigmentation, radial streaks, blue-gray globules. 
In these cases, the differential diagnosis with 
melanocytic lesions can be difficult [14].
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5.3.7  Merkel Cell Carcinoma (MCC)

Merkel cell carcinoma is a neuroendocrine carci-
noma of the skin, associated with high risk of 
locoregional recurrence, metastasis, and mortality 
[15]. MCC is extremely rare, but its incidence has 
tripled in recent years. The outcome of this tumor 
is very poor because of its aggressive behavior and 
propensity for early metastasis in regional lymph 
nodes [16]. There are several risk factors for the 
development of MCC, like UV exposure, male 
sex, immunosuppression, hematological neo-
plasm, and older age [17]. Indeed, most MCCs are 
found on sun-exposed skin of white people older 
than 50 years [18]. MCC presents as an asymp-
tomatic, rapidly growing red or pink nodule that 

develops over the course of weeks to months. It 
occurs mainly on the face, neck, extremities fol-
lowed by trunk and buttocks. The differential diag-
nosis includes amelanotic melanoma, basal cell 
carcinoma, porocarcinoma, cutaneous lymphoma, 
angiosarcoma, atypical fibroxanthoma, and skin 
metastasis from internal malignancy.

5.3.8  Dermoscopic Criteria of MCC

On dermoscopy, this tumor shows overlapping 
features with other skin cancer [19]. There are 
two most important dermoscopic features, milky 
red background and polymorphous vascular pat-
tern (Fig. 5.4).

a b

Fig. 5.3 Dermoscopy of invasive SCC. (a) Well-differentiated SCC, with the prevalence of white color, white circles 
surrounding follicular structures. (b) Poorly differentiated SCC with red background and serous crust

a bFig. 5.4 Merkel cell 
carcinoma arising  
on the glabella of an 
85-year- old man. 
Clinical (a)  
and dermoscopic  
(b) appearance with 
milky red background 
and large diameter 
vessels

G. Licata and E. Moscarella
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5.3.9  Milky Red Background

Milky red background represents a red or pink 
region that corresponds to an area with increased 
vascularity. These milky-red areas are commonly 
associated with other vascular structures like lin-
ear irregular vessels, arborizing vessels, and dot-
ted and glomerular vessels. This combination of 
features is an indication to excision because it is 
very commonly found in amelanotic melanoma 
and in other malignancies.

5.3.10  Polymorphous Vascular 
Pattern

MCC shows different types of vessels like arboriz-
ing vessels, dotted and glomerular vessels, and 
irregular vessels. Arborizing vessels consist of a 
large stem vessel with fine irregular branches. This 
dermoscopic feature is generally associated with 
basal cell carcinoma; in BCC, these vessels are 
located superficially and consequently are in 
focus. In contrast the arborizing vessels present in 
MCC are located deeper and consequently are out 
of focus. MCC exhibits other vascular features 
such as dotted and glomerular vessels common in 
squamous cell carcinoma, and linear irregular ves-
sels present in SCC and in melanoma. The simul-
taneous presence of more than one morphological 
type of vessel is also suggestive for malignant 
tumor, so it is important to perform a biopsy [20].
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Dermoscopy for Inflammatory 
Diseases
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6.1  Introduction

Dermoscopy, a noninvasive technique widely 
used in dermatology for the evaluation of skin 
tumors, may also be useful for the diagnosis and 
treatment monitoring of several inflammatory 
cutaneous disorders [1–5]. In some cases it may 
be diagnostic, in others it may help to narrow 
down the spectrum of possible diagnoses, thus 
reducing the need for biopsy.

In the evaluation of inflammatory lesions, dif-
ferent features should be considered, including 
background color, vascular pattern, color and dis-
tribution of the scales, follicular structures, and 
other variable findings depending on the disorder 
considered. The handheld dermoscope, which 
allows 10× magnification, is suitable for the eval-
uation of inflammatory disorders, and polarized 
light that allows a better visualization of vascular 
structures and scales is preferable. In some cases, 
the use of higher magnification (up to 100×), 
achieved through the use of a videodermato-
scope, is necessary, mainly because it is able to 
provide a better evaluation of the vascular pattern 
[6].

In this chapter, the dermoscopy features of the 
main inflammatory diseases in which dermos-

copy may aid in clinical practice are reported and 
discussed.

6.2  Darier’s Disease

The main dermoscopic feature of Darier’s dis-
ease consists of polygonal, star-like or roundish/
oval-shaped yellowish/brownish structures sur-
rounded by a whitish halo (Fig. 6.1). These struc-
tures are generally superimposed on a pinkish, 
homogeneous, structureless background, and 
dotted/linear vessels may also be observed [7, 8]. 
Histopathologically, the star-like structures cor-
respond to hyperparakeratotic areas of different 
shape and size surrounded by an acanthotic epi-
dermis. The same aspect may also be seen in 
other disorders sharing similar microscopic fea-
tures, such as the Darier-like subtype of Grover’s 
disease, Dowling–Degos disease and acantho-
lytic dyskeratotic acanthoma [9–12].

6.3  Discoid Lupus 
Erythematosus

Active lesions of discoid lupus erythematosus dis-
play at dermoscopy a diffuse, homogeneous back-
ground erythema, whitish scaling, irregularly 
distributed dotted and\or linear vessels and follicu-
lar yellowish plugs with a perifollicular whitish 
halo (Fig. 6.2). The latter structures are histopatho-
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logically related to follicular hyperkeratosis and 
perifollicular fibrosis [4, 13, 14]. Later, in  scarring 
lesions, whitish structureless areas reflecting the dif-
fuse dermal fibrosis, telangiectatic vessels, and pig-
mentary changes (hyperpigmentation) are observed. 
Hyperpigmentation correlates with the presence of 
melanophages located in the upper dermis that can 
be observed in all types of interface dermatitis as an 
expression of the basal layer damage with diffusion 
of melanin in the upper dermis [3]. Dermoscopy is 
particularly useful for the differential diagnosis with 
other erythematous-desquamative patchy lesions 
such as that of psoriasis.

6.4  Eczematous Dermatitis

In acute eczematous lesions, dermoscopy shows 
an erythematous background and yellowish 
scales with a patchy distribution due to the pres-
ence of spongiosis and serum exudation within 
the stratum corneum (Fig.  6.3) [15–18]. 
Moreover, irregularly distributed vessels with 
prominent dotted morphology may be generally 
observed. This pattern has low specificity as it 
may be observed, besides the different varieties 
of eczema, in acantholytic disorders and other 
superinfected dermatoses.

a b

Fig. 6.1 Darier’s disease. (a) Clinical aspect of the back. (b) Dermoscopy showing polygonal, yellowish/brownish 
structures surrounded by a whitish halo, superimposed on a pinkish, homogeneous background

a b

Fig. 6.2 Discoid lupus erythematosus. (a) Clinical aspect 
of two lesions of the forehead. (b) Dermoscopy showing 
diffuse, homogeneous background erythema, whitish 

scaling, and follicular yellowish plugs with a perifollicu-
lar whitish halo

F. Lacarrubba et al.



65

6.5  Erythemato-Telangiectatic 
Rosacea

Dermoscopy highlights the typical vascular alter-
ations of erythemato-telangiectatic rosacea [19–
21]. It is able to distinguish between the reddish 
background (background erythema) and the char-
acteristic presence of prominent, linear vessels 
often arranged in a polygonal network, corre-
sponding to the dilatation of the vessels of the 
sub-papillary plexus (telangiectasia) [22, 23]. The 
coexistence of both the components is frequently 
observed (Fig. 6.4). Higher magnifications allow 
to measure vessel caliber. Dermoscopy is particu-
larly useful for the differential diagnosis with seb-
orrheic dermatitis, which shows the same features 
of eczematous lesions. Dermoscopy may be also 
useful for treatment planning: based on dermos-
copy findings, it may be possible to identify the 
most appropriate therapeutic strategy according 
to the ratio of the vascular components.

6.6  Granulomatous Diseases

Granulomatous skin diseases such as sarcoidosis, 
granuloma foreign body reaction, lupus vulgaris, 
and cutaneous leishmaniasis share similar der-
moscopic features, consisting of the presence of 
orange-yellowish globular-like or structureless 
areas, histopathologically related to the granulo-
matous inflammatory infiltrate, and linear vessels 
(Fig. 6.5) [24–28].

6.7  Lichen Planus

Dermoscopy of lichen planus shows the typical 
presence of pearly, whitish lines, clinically cor-
responding to the “Wickham’s striae,” over a 
pinkish to light red background (Fig. 6.6) [29–
31]. These lines, that in palmo-plantar lesions 
display a yellowish color, may have a different 

a b

Fig. 6.3 Eczematous dermatitis. (a) Clinical aspect of multiple patches of the shoulder. (b) Dermoscopy showing yel-
lowish scales and dotted vessels with an irregular distribution

a bFig. 6.4 Erythemato- 
telangiectatic rosacea. 
(a) Clinical aspect of the 
cheek. (b) Dermoscopy 
showing reddish 
background and 
prominent, linear vessels 
often arranged in a 
polygonal network
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configuration: reticular, arboriform, annular, 
globular, or homogeneous. They histopathologi-
cally correspond to areas of wedge-shaped 
hypergranulosis. Moreover, prominent linear 
vessels may be observed at the periphery of the 
whitish lines with a characteristic radial distribu-
tion [1, 3].

In pigmented lichen planus, dermoscopy 
reveals grayish to brown dots, due to the presence 
of melanophages, over a brownish background.

6.8  Lichen Sclerosus

In anogenital lichen sclerosus, dermoscopy 
shows patchy whitish areas [32–36], histopatho-
logically corresponding to epidermal atrophy and 
dermal fibrosis, and linear and/or dotted vessels 
(Fig. 6.7). Purpuric dots/globules due to hemor-
rhages and erosions can sometimes be observed. 
Extragenital lichen sclerosus displays the pres-

ence of whitish, homogenous bright areas associ-
ated with follicular yellow circles (comedo-like 
openings) (Fig.  6.8) [37–40], the latter corre-
sponding to follicular keratotic plugs. 
Dermoscopy may be useful for the differential 
diagnosis with morphea, which shows whitish 
clouds (or white beams), histologically corre-
sponding to dermal sclerosis, crossed by linear 
irregular vessels; structureless or reticular brown-
ish areas may also be observed [33].

6.9  Pigmented Purpuric 
Dermatoses

The different forms of pigmented purpuric der-
matoses (Schamberg’s disease, Majocchi’s dis-
ease, Gougerot–Blum syndrome, lichen aureus, 
and eczematid-like purpura of Doucas and 
Kapetanakis) show at dermoscopy the presence 
of irregular, roundish, reddish dots, globules, and 

a b

Fig. 6.5 Sarcoidosis. (a) Clinical aspect of facial lesions. (b) Dermoscopy showing orange-yellowish structureless 
areas and linear vessels

a bFig. 6.6 Lichen planus. 
(a) Clinical aspect of 
multiple papules of the 
leg. (b) Dermoscopy 
showing pearly, whitish 
lines (“Wickham’s 
striae”) over a pinkish to 
light red background

F. Lacarrubba et al.



67

a b

Fig. 6.7 Genital lichen sclerosus. (a) Clinical aspect. (b) Dermoscopy showing patchy whitish areas and linear and 
dotted vessels

a b

Fig. 6.8 Extragenital lichen sclerosus. (a) Clinical aspect of a plaque of the trunk. (b) Dermoscopy showing whitish, 
homogenous bright areas associated with follicular yellow circles (comedo-like openings)

a b

Fig. 6.9 Lichen aureus. (a) Clinical aspect of a patch of the leg. (b) Dermoscopy showing irregular, roundish reddish 
dots and globules over a red-coppery diffuse homogeneous background pigmentation

patches over a red-brownish or red-coppery dif-
fuse homogeneous background pigmentation 
(Fig.  6.9) [41]. This pattern histopathologically 
corresponds to hemosiderin deposition within the 

papillary dermis due to erythrocytes extravasa-
tions and may sometimes be observed in other 
conditions, such as urticarial vasculitis and pig-
mented lichen planus [41, 42].
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6.10  Pityriasis Lichenoides

The papules of pityriasis lichenoides chronica 
shows at dermoscopy the peculiar presence of 
orange-yellowish structureless areas that histopath-
ologically correspond to hemosiderin degradation 
from erythrocyte extravasation [43]. Moreover, 
irregularly distributed, linear or dotted vessels are 
generally present (Fig. 6.10). In pityriasis lichenoi-
des et varioliformis acuta (PLEVA), papular and 
crusted lesions show a central whitish patch or 
amorphous brownish structure, respectively, sur-
rounded by dotted and/or linear vessels [44].

6.11  Pityriasis Rosea

The roundish patches of pityriasis rosea show 
at dermoscopy a pinkish homogeneous back-
ground, irregular or patchy dotted vessels, and 
whitish scales with a typical peripheral dis-
tribution (Fig. 6.11) [4, 16, 45]. Dermoscopy 
may allow the differential diagnosis with 
some clinically similar disorders, such as 
guttate psoriasis and pityriasis lichenoides 
chronica, but cannot exclude other lesions 
such as tinea corporis or erythema annulare 
centrifugum.

a b

Fig. 6.10 Pityriasis lichenoides chronica. (a) Clinical aspect of multiple papules of the trunk. (b) Dermoscopy showing 
orange-yellowish structureless areas and irregularly distributed, linear and dotted vessels

a b

Fig. 6.11 Pityriasis rosea. (a) Clinical aspect of a small lesion of the trunk. (b) Dermoscopy showing whitish scales 
with a typical peripheral distribution and irregular dotted vessels

F. Lacarrubba et al.
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6.12  Porokeratosis

Dermoscopy of porokeratosis shows a central, 
homogeneous, whitish or brownish area delimited 
by a typical, double-marginated, white peripheral 
rim (Fig. 6.12) [1, 46–49]. This peripheral border, 
histopathologically corresponding to the cornoid 
lamella, has been described as “white track.” 
Dotted or linear vessels may also be observed.

6.13  Psoriasis

In plaque psoriasis, dermoscopy shows a peculiar 
pattern, consisting of diffuse white scales and 
regularly distributed dotted vessels (or “red 
dots”) over a light red background (Fig. 6.13) [3, 
29, 30, 50]. At high magnifications (≥100×), the 
dotted vessels appear as dilated and twisted capil-

laries, with a “bushy” aspect. Each “bush” mea-
sures about 70–90 μm in diameter (vs. 15–25 μm 
of the normal capillary loops of healthy skin). 
The dotted vessels correlate with the microvascu-
lar modifications of psoriasis represented by 
ectatic and convoluted capillaries within elon-
gated dermal papillae [51, 52]. Dermoscopy 
demonstrated to be a useful diagnostic tool in the 
different clinical localization of plaque psoriasis 
[15, 53–56]. When the whitish scales that corre-
spond at histopathology of the typical hyperkera-
tosis of psoriasis are prominent, as in scalp or 
palmo-plantar psoriasis, the correct visualization 
of the dotted vessels may be hampered; in these 
cases, removal of the scales with keratolytic 
agents is suggested. Conversely, the vascular pat-
tern is more evident in inverse psoriasis and pso-
riatic balanitis or vulvitis, in which generally the 
scales are minimal or absent. Higher magnifica-

a b

Fig. 6.12 Porokeratosis. (a) Clinical aspect of a lesion of the trunk. (b) Dermoscopy showing a whitish area delimited 
by a double-marginated, white peripheral rim (“white track”)

a b

Fig. 6.13 Psoriasis. (a) Clinical aspect of plaques of the trunk. (b) Dermoscopy showing regularly distributed dotted 
vessels over a light red background
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tion may be also indicated for therapeutic moni-
toring, helping to get a better visualization of the 
diameter reduction of the caoillary “bushes” dur-
ing topical or systemic treatments [57–61].

6.14  Urticaria Pigmentosa

Macules and papules that characterize urticaria 
pigmentosa show at dermoscopy a combination 
of light-brown blots and pigment network [62–
65] (Fig. 6.14) that is likely related to hyperpig-
mentation of basal keratinocytes induced by the 
mast cell growth factor that stimulates melano-
cyte proliferation and melanogenesis. In some 

cases, thin reticular telangiectasias on a mild ery-
thematous background can be appreciated.

6.15  Zoon’s Mucositis

The main dermoscopic aspect of Zoon’s balanitis 
is represented by the presence of red to orange, 
structureless, homogeneous areas, corresponding 
to hemosiderin deposition, associated with fairly 
focused curved vessels with different morphol-
ogy, including serpentine, convoluted, “chalice- 
shaped” and spermatozoa-like vessels (Fig. 6.15) 
[36, 66, 67]. The same aspects may be observed 
in Zoon’s vulvitis [68].

a b

Fig. 6.14 Urticaria pigmentosa. (a) Clinical aspect of multiple papules of the trunk. (b) Dermoscopy showing a fine 
pigment network

a b

Fig. 6.15 Zoon’s balanitis. (a) Clinical aspect. (b) Dermoscopy showing orange, structureless, homogeneous areas, 
and fairly focused curved vessels with different morphology

F. Lacarrubba et al.
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Dermoscopy for Infectious 
Diseases

Sean Ekinde and Elisa Cinotti

7.1  Introduction

Dermoscopy is a noninvasive, in  vivo tech-
nique traditionally used to improve diagnostic 
accuracy of the pigmented skin lesions. It 
allows physicians to examine the morphology 
of skin lesions, helping to identify subtle clini-
cal clues, confirming naked-eye clinical diag-
noses, and monitoring treatment progress. In 
the past years, the applications of dermoscopy 
expanded the dermoscopic features of several 
infectious skin diseases, including those of 
viral, fungal and parasitic origin have been 
described, assisting the clinical diagnosis of 
these conditions and reducing the need of 
semi-invasive or invasive procedures, such as 
skin scrapings and/or biopsies. The use of 
newer-generation polarized dermatoscopes 
may be particularly useful for examining infec-
tious skin diseases because they avoid direct 
contact with the skin, minimizing the risk of 
cross- infection between patients. This chapter 
summarizes essential dermoscopic features of 
the most commonly known skin infections and 
infestations.

7.2  Parasitic Disorders

7.2.1  Scabies

The host-specific mite Sarcoptes scabiei var. 
hominis is the parasite known to cause scabies 
disease. Scabies can be transmitted into two dif-
ferent ways: directly by close contact or indi-
rectly due to fomites. Moreover, this kind of 
disease is found more often in crowded environ-
ments such as schools, nursing homes, prisons, 
and refugee camps [1]. The clinical suspicion of 
scabies arises in case of intense pruritus, accentu-
ated at nighttime, and typically located on wrists, 
axillae, waist, umbilicus, ankles, buttocks, geni-
talia, areolae, and nipples. Although the pathog-
nomonic sign is the burrow which can be of about 
3–10 mm long with a wavy, thread-like, grayish- 
whitish feature (Fig.  7.1a), it may be hard to 
detect at clinical observation because of the 
intense scratching that lead to other lesions such 
as small erythematous papule and excoriations, 
often with signs of secondary bacterial infection. 
These clinical manifestations may mimic other 
conditions, including insect bites, folliculitis, 
viral exanthema, and papular urticaria [2]. A pos-
itive clinical history for similar symptoms in 
household members or close personal contacts 
may help in the differential diagnosis. The defini-
tive diagnosis of scabies is made by the micro-
scopic visualization of mites, eggs, or feces from 
skin scraping samples. The diagnostic accuracy 
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of dermoscopy has been reported to be at least 
equal to traditional ex vivo optical microscopic 
examination, while requiring less time, cost, and 
experience [3, 4]. Indeed, it allows a rapid, non- 
traumatic, in vivo examination of the entire skin 
surface reducing the false-negative results caused 
by the limited examinable area which can be 
scraped for the microscopic test. Scabies is char-
acterized by a specific dermoscopic pattern con-
sisting a triangular brown structure (“delta wing 
jet sign” or “kite sign”) corresponding to the fore 
portion of the mite usually found at the end of a 
curvy and wavy line corresponding to the burrow 
similar to a “kite leaving a contrail” (Fig. 7.1b) 
[5, 6]. Moreover, other diagnostic features 
include a burrow filled with eggs, which appears 
as a “string of pearls” [7]. Dermoscopy is also 
particularly useful to screen asymptomatic con-
tacts and for post-therapeutic follow-up, ruling 
out the persistence of viable mites [4, 8, 9]. 
However, in pretreated patients, it is not possible 
to establish if mites are dead or not, and they can 
also be confused with excoriations and/or splin-
ter hemorrhages that may frequently occur 
because of repeated scratching [3, 8, 10, 11]. 
High magnification videodermoscopy is particu-
larly useful when the burrow behind the parasite 
is absent and a parasite might be misinterpreted 
as a crust at conventional 10–20× dermoscopy. 
Using high magnification dermoscopy, it is pos-
sible to clearly identify the brown cephalic por-
tion of the parasite followed by its ovoid body 

often visible with two brownish parallel bands 
(Fig. 7.1c) [10, 11]. Moreover, high- magnification 
dermoscopy allows detecting mite eggs and drop-
pings easily (Fig. 7.1c). Dermoscopy is also well 
tolerated by the pediatric population because it is 
not painful and does not require blades for skin 
scraping [12]. On pigmented skin, the “kite sign” 
is hardly discernible [3, 13].

7.2.2  Pediculosis

Dermoscopy has demonstrated to be useful for 
assisting the clinical diagnosis and therapeutic 
monitoring of pediculosis capitis and phthiriasis 
pubis by revealing the lice or the nits fixed to the 
hair shaft [14].

7.2.3  Pediculosis of the Scalp

Pediculosis capitis is widespread in all geograph-
ical areas and usually cause small epidemics in 
school-aged children and in members of the same 
household. Girls seem to be more frequently 
affected, probably because of long hair and the 
habit of sharing brushes and hair accessories [1].

The main clinical symptom is an intense scalp 
pruritus associated with excoriations and sec-
ondary bacterial infection, primarily on the 
occipital and retroauricular region. This clinical 
presentation may mimic other conditions such as 

a b c

Fig. 7.1 Scabies: clinical (a) and dermoscopic (b, 20×; c, 
70×) images. Kite sign or wing jet sign (b, c): small dark 
triangular structures (red arrows) located at the end of 

wavy lines corresponding to the burrows (red asterisks). 
Eggs (c, blue arrow) and droppings (c, green arrow) are 
visible at high-magnification dermoscopy
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tinea capitis, atopic dermatitis, and seborrheic 
dermatitis. This infestation is caused by 
Pediculus humanus var. capitis, a flattened louse, 
2–3  mm long, wingless and with three pair of 
legs. The female louse secretes chitinous mate-
rial to fix her eggs (nits) to the hair shafts close 
to the scalp. Active pediculosis infestation can 
be confirmed by identifying the nits on the 
scalp’s surface [15]. The identification of empty 
or dead nits after the therapy is crucial to moni-
tor the treatment response. Dermoscopy can help 
the clinician to identify the nits and to distin-
guish between empty nits and nits containing 
nymphs. The latter appear brown, ovoid, firmly 
attached to the hair shafts, whereas empty nits 
appear translucent and typically show a plane 
and fissured free ending, and they may persist 
after the healing [16–18]. Dead nits have a focal 
brown area (collapsed nymph) and a translucent 
area (air pocket) [19, 20]. The dermoscopical 
examination can also help to distinguish clinical 
findings that resemble nits (pseudonits), such as 
scales of seborrheic dermatitis [19], hair casts 
[20], white piedra [21, 22], or trichorrhexis 
nodosa. Pseudonits are not firmly attached to the 
hair shaft and appear dermoscopically as amor-
phous, whitish structures [23]. Polarized non-
contact dermoscopy is recommended because it 
minimizes the risk of infestation transmission to 
other patients [24].

7.2.4  Phthiriasis

Phthiriasis pubis, officially classified as a sexu-
ally transmitted disease because of the direct 
contact transmission and the typical infestation 
of the pubic hair, can also be found in other areas 
such as scalp, eyebrows, eyelashes (phthiriasis 
palpebrarum) and can occasionally be seen in 
children. The infestation is caused by Pthirus 
pubis, a roundish louse, 1–2 mm long. The main 
clinical symptom is pruritus, sometimes associ-
ated with excoriations and gray-blue macules 
(maculae ceruleae) on the thighs or trunk. 
Dermoscopy easily helps to diagnose both phthi-
riasis pubis and phthiriasis palpebrarum by iden-
tifying the louse firmly attached to the pubic hairs 

[25–27]. It can also help to distinguish full and 
empty nits from pseudonits like in pediculosis 
capitis [28].

7.2.5  Tungiasis

Tungiasis is a skin infestation caused by the wing-
less flea Tunga penetrans (1 mm long), endemic in 
Caribbean islands, Central and South America, 
Pakistan, Africa, and India. The typical lesion of 
tungiasis is caused by the burrowing female flea 
that requires a warm-blooded animal for the egg 
maturation. Because of the limited jumping ability 
of the flea, the lesions are usually localized on the 
feet, in particular on the periungual area of the toes 
and on the soles. The first sign after the puncture is 
a small black dot with erythema which evolves 
into a pearl-like whitish papule and then a larger 
black nodule surrounded by a white halo. In con-
sideration of its low incidence outside endemic 
areas, its clinical features may be confused with 
other conditions such as plantar warts, tick bite 
reactions, or squamous cell carcinoma. 
Dermoscopy has been reported to be a viable diag-
nostic tool to help the clinician in the differential 
diagnosis, in particular in non- endemic areas [29–
35]. Dermoscopy of tungiasis shows a brown or 
flesh-colored nodule with a brown ring at the cen-
ter, which surrounds a blackish pore (posterior 
opening of the parasite) [29, 35]. The eggs appear 
like gray-blue blotches or white ovals organized in 
chain-like structures [30, 35]. Shaving the superfi-
cial part of the lesion may reveal clusters of eggs 
contained in the jelly sac abdomen of the parasite 
[30]. Ex vivo examination may also be helpful for 
diagnosis confirmation after the extraction of the 
flea from the lesion [34].

7.2.6  Cutaneous Leishmaniasis

Leishmaniases are a group of chronic parasitic 
diseases caused by various species of the proto-
zoan Leishmania, an obligate intracellular para-
site of mononuclear phagocytes. Leishmania is 
transmitted by inoculation of the parasite in its 
promastigote form by infected female sandflies 
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(Phlebotomus and Lutzomyia) [36]. There are 
many clinical subtypes of Leishmania (cutaneous, 
mucocutaneous, visceral), and the clinical mani-
festations correlate with the host immune response 
and with the species of Leishmania involved. The 
disease is diffused worldwide, endemic in South 
America, parts of Africa and Asia, and in the 
Mediterranean region. Cutaneous manifestation 
usually begins with a small erythematous papule 
in the site of inoculation (usually in exposed body 
areas such as face, legs, ankles, hands, and fore-
arms). During several weeks, the starting lesion 
slowly enlarges into an infiltrated nodule or 
plaque with central ulceration. In most cases, 
acute cutaneous leishmaniosis resolves spontane-
ously in several months, but a minority may 
become chronic and develop satellite lesion with 
a sporotrichoid spread pattern. The differential 
diagnosis of cutaneous leishmaniasis includes 
basal cell carcinoma, mycobacterial infections, 
and subcutaneous mycoses; skin biopsies are 
needed to demonstrate the presence of the parasite 
in dermal macrophages (amastigote form) and 
confirm the clinical suspect. Dermoscopy shows 
many different patterns that seem to have a cor-
relation with the clinical evolution and may help 
the clinician to enhance the clinical diagnosis 
[37–40]. In the papular lesion, the most common 
findings are yellow tear-like structures (keratin 
plugs), diffuse erythema and vessels of various 
shape (dots, glomerular- like, commas, hairpin, 

arborizing). In the nodular chronic lesion, the pre-
dominant pattern consists of white starburst-like 
pattern associated with ulceration, scales, and 
peripheral vascular structures. Other dermoscopic 
findings are yellow-salmon colored areas, milia-
like cysts, and a perilesional hypopigmented area 
[37, 39, 40].

7.2.7  Cutaneous Larva Migrans

Cutaneous larva migrans (creeping eruption) is 
caused by the epidermic infestation of hook-
worms that usually infect domestic animals (cats 
and dogs). The hookworms penetrate and migrate 
through the epidermis causing intense localized 
pruritus and a linear or serpiginous erythematous 
eruption that corresponds to the larva progression 
(1–2  cm per day) (Fig.  7.2a). The infestation 
remains localized in the epidermis because the 
parasite lacks collagenase, necessary to pass 
through the basement membrane. The lesions are 
most frequently localized on the extremities or 
buttocks. The infection is acquired by contact 
with animal feces especially by walking barefoot 
on contaminated ground. The main species of 
hookworms correlated with creeping eruptions 
are Ancylostoma braziliense and A. caninum. 
Cutaneous larva migrans has a worldwide distri-
bution but occurs most frequently in warmer cli-
mates. The typical cutaneous eruptions associated 

a b c

Fig. 7.2 Cutaneous larva migrans: clinical (a) and dermoscopic (b, c, 20×) images. Creeping eruptions: serpiginous 
erythematous tracts that corresponds to the larva progression (red arrows)
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with the clinical history are the basis for the diag-
nosis. Dermoscopy may help to better observe 
the serpiginous tract formed by the larva 
(Fig.  7.2b), and it has been claimed that it can 
also identify the larva by revealing a translucent 
brownish structureless area on the serpiginous 
tract [6, 41–43]. However, in our experience, it 
seems not to be feasible to differentiate the larva 
from the excoriations and vesicles that are on the 
serpiginous tract.

7.2.8  Tick Bites

Dermoscopy can be used to locate the tick (Fig. 7.3a) 
and to help the clinician to perform a complete 
removal. The tick’s body and anterior legs can be 
seen protruding from the surface of the skin; they 
appear as a brown/gray translucent shield with 
brown/black streaks (Fig.  7.3b). After the tick’s 
removal, residual body parts appear like brown to 
black to gray areas of pigmentation [44, 45].

7.3  Viral Disorders

7.3.1  Cutaneous and Anogenital 
Warts

Human papillomaviruses (HPVs) are a large 
group of DNA viruses responsible of asymptom-
atic infections of the epithelia of skin and mucosa, 

some genotypes are correlated with benign pro-
liferation (warts and papillomas) or skin cancers 
[46, 47]. Cutaneous HPV infection occurs most 
commonly via direct skin to skin contact (inti-
mate contact for anogenital infection) and less 
frequently through contaminated objects. Warts 
classification is based on anatomic location, his-
tology, and clinical morphologic criteria. 
Common warts (verrucae vulgaris) are exophytic, 
hyperkeratotic papules with rough top (Fig. 7.4a), 
localized mainly on hands and fingers, other 
body parts like face and neck may also be 
involved, especially by pedunculated and filiform 
warts. Palmar and plantar warts appear as hyper-
keratotic, tick, endophytic papules with a central 
depression, localized on palms and soles and usu-
ally painful. Plantar warts may coalesce into 
larger lesions (mosaic warts or myrmecia). Flat 
warts (verrucae planae) are flat-topped papules, 
skin colored or brown/pink pigmented, with 
smooth surface, usually located on arms, face, 
and dorsal hands with a linear distribution pat-
tern. Anogenital warts (condylomata acuminata) 
may appear as exophytic pedunculated papillo-
mas with smooth surface or sessile papules, skin- 
colored, whitish (when macerated), or brown. 
They usually involve the external genitalia, 
perineum, inguinal folds, pubis, or perianal areas. 
Warts diagnosis is generally clinical, even though 
dermoscopy can be useful to distinguish from 
other cutaneous lesions such as tylosis or amela-
notic melanoma [48, 49]. The dermoscopy pat-

a b

Fig. 7.3 Tick bite: clinical (a) and dermoscopic (b, 20×) images. Dermoscopy shows a tick’s body with anterior legs 
protruding from the surface of the skin (red arrow)
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tern of common warts displays multiple papillae, 
densely packed, with hemorrhagic red dots or 
lops in the center of each one and a whitish halo 
in the periphery (Fig.  7.4b,c). Signs of hemor-
rhages may be additional finding appearing as 

black dots or streak with an irregular distribution 
[6, 50, 51]. Exophytic lesions appear as multiple 
digitiform projections with a central dilated ves-
sel and whitish periphery [6, 51–54]. Dermoscopy 
of palmoplantar warts reveals multiple signs of 

a

c

b

Fig. 7.4 Common wart: clinical (a) and dermoscopic (b, 
20×; c, 150×) images. Dermoscopy shows dilated dermal 
capillaries visible as red dots (b, red arrows) or glomeru-

lar vessels (c, red arrows) depending on the magnification, 
and surrounded by a whitish halo (red asterisk)
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hemorrhages as black dots and streaks with an 
irregular distribution on a yellowish papilliform 
surface associated with the disruption of derma-
toglyphics, useful pattern to discriminate warts 
from tylomas [48]. Dermoscopy of flat warts 
reveals red dots (dilated dermal capillaries) with 
a regular distribution on a light-brown or yellow 
background [55, 56]. Anogenital warts reveal dif-
ferent dermoscopic patterns comparing early and 
advanced stages. Early and clinically flat lesions 
display a mosaic pattern (whitish network with 
regularly distributed dotted vessel) while 
advanced and raised papillomatous warts show a 
finger-like or knob-like pattern [57]. Dermoscopy 
may be useful to differentiate HPV-related lesions 
from other anogenital growths such as vestibular 
papillae, molluscum contagiosum, or pearly 
penile papules [56, 58, 59]. Recent studies show 
that dermoscopy may also help the clinician to 
monitor the treatment progress [48].

7.3.2  Molluscum Contagiosum

Molluscum contagiosum (MC) is a cutaneous, 
highly contagious, viral infection caused by a 
DNA poxvirus. The disease is common and self- 
limited in children, and it also occurs in sexually 
active adults and immunocompromised patients. 
The transmission occurs by skin-to-skin contact 
or, less frequently, by fomites. The diagnosis is 
often clinical based because of the classic charac-
teristics of the lesions (umbilicated, dome- 
shaped, pearly, or skin-colored papules) without 
a typical localization on the body surface 
(Fig. 7.5a). Dermoscopy can be useful to differ-
entiate MC from other disorders such as milia, 

acne lesions, warts, or Spitz nevi [60–64]. The 
stereotypic dermoscopic pattern of MC lesions is 
characterized by a central pore (umbilication) 
associated with polylobular, yellowish/white, 
amorphous structures, surrounded by branched 
or linear vessels (red corona) (Fig.  7.5b). This 
pattern correlates histopathologically with the 
hyperplastic squamous epithelium with dilated 
dermal vessels and large keratinocytes with cyto-
plasmic inclusions (Henderson-Paterson bodies) 
[60, 61].

7.4  Fungal Disorders

7.4.1  Tinea Capitis

Tinea capitis is a common dermatophyte infec-
tion of the scalp hair occurring predominantly in 
prepubescent children, often associated with 
poor hygiene or direct contact with pets. Many 
species of dermatophyte can invade the hair shaft 
and cause tinea capitis. Despite the clinical pre-
sentation is quite variable, the main three types 
of shaft invasion partially correlate with the clin-
ical presentation and with the fungi genera. In 
the ectothrix form (Microsporum species), the 
hair is invaded by hyphae outside the shaft, then 
the infection spreads inside and down into folli-
cles and penetrates the cortex. Clinically this 
type of infection causes scaly and inflamed area 
with hair loss (hair shaft breaks 2–3 mm above 
the scalp level). In the endothrix form 
(Trichophyton species), hyphae spread only 
inside the hair shaft causing negative results 
under Wood’s light, differently from 
Microsporum species that emit fluoresce with 

a bFig. 7.5 Molluscum 
contagiosum: clinical  
(a) and dermoscopic  
(b, 20×) images. 
Dermoscopy shows a 
central pore filled with 
whitish amorphous 
material (red asterisk) 
and surrounded by radial 
linear vessels (red 
arrow)
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wood lamp. Clinically the hairs break at scalp 
level leaving hair stubs within the follicles 
(Fig. 7.6a). In the favic infection (T. schoenlei-
nii), hyphae form large clusters at scalp level 
where they penetrate the follicle from the base of 
hairs. Although hairs result less damaged com-
pared to the other types of tinea capitis and they 
may keep growing, this last form can cause cica-
tricial alopecia if not treated. The diagnosis of 
tinea capitis relies on direct microscope observa-
tion of the hyphae from skin scraping samples 
and mycological cultures that allow identifying 
the type of dermatophyte. Recently many studies 
point out the importance of dermoscopy in the 
evaluation of hair diseases and in the early clini-
cal diagnosis of tinea capitis. There are many 
dermoscopic findings that correlate with tinea 
capitis such as diffuse scaling, broken hairs, bent 
hairs, black dots, tufted folliculitis, zig-zag hairs, 
 interrupted hairs (Morse or barcode-like) 
(Fig.  7.6b) [65–77]. Comma-hairs (C-shaped, 
thickened, and sharp ended) are more specifi-
cally correlated with T. tonsurans and M. canis 
(along with dystrophic and elbow-shaped hairs). 
Corkscrew- shaped hairs (short hairs with multi-
ple twists) are typical of dark-skinned patients 
infected by T. violaceum and T. soudanense75. 
Trichoscopy may be useful to differentiate tinea 
capitis from other forms of alopecia such as alo-
pecia areata and trichotillomania and to steer the 
clinical on the right dermatophyte subtype.

7.4.2  Tinea Nigra

Tinea nigra is a cutaneous superficial fungal 
infection caused by Hortaea werneckii 
(Cladosporium werneckii or Exophiala wer-
neckii) [15]. This fungus provides single, irregu-
lar brown to black macule without associated 
symptoms that usually developed on the stratum 
corneum of palm and soles mimicking melano-
cytic lesions [78]. Dermoscopy can be useful to 
enhance the clinical diagnosis and prevent biop-
sies. Tinea nigra is characterized by fine pig-
mented spicules corresponding to hyphae in the 
stratum corneum that do not follow the dermato-
glyphic furrows and ridges [6, 79, 80]. This pat-
tern is useful to distinguish tinea nigra from 
melanocytic lesions which are characterized by a 
pigment distribution along furrow and ridges. 
There are only a few cases in literature about 
Hortaea werneckii having a parallel dermoscopic 
pattern [81–85].

7.5  Bacterial Disorders

Dermoscopy is usually not essential to diag-
nose bacterial skin disorders, and no specific 
dermoscopic patterns have been generally 
accepted as characteristics of these conditions. 
However, such examination could be of signifi-
cant help for atypical bacterial skin infections 

a b

Fig. 7.6 Tinea capitis: clinical (a) and dermoscopic (b, 20×) images. Dermoscopy shows broken hair (red arrows) on 
a scaly and inflamed background with hair loss
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in order to exclude other skin diseases or in 
case of peculiar clinical aspects such as syphi-
litic alopecia (SA).

7.5.1  Syphilitic Alopecia

SA is a non-scarring hair loss, uncommon mani-
festation of secondary syphilis. The “moth-eaten” 
form is the most frequent subtype of SA followed 
by the diffuse form that mimic telogen effluvium 
and the mixed form, with the characteristics of 
both the previous subtypes. SA may clinically 
resemble many other hair disorders such as 
trichotillomania, alopecia areata, lichen planus 
pilaris, or tinea capitis; in addition, the affected 
patients may not show other clinical signs of sec-
ondary syphilis leading clinicians to delay the 
diagnoses. Despite trichoscopic descriptions of 
the various forms of SA are based on very few 
cases, in the absence of other syphilis manifesta-
tions, dermoscopy can be a useful tool to help the 
clinicians in the differential diagnosis.

The moth-eaten form is a patchy alopecia with 
alopecic areas of about 1–3 mm. Dermoscopy of 
the patches shows black dots at the periphery and 
yellow dots in the center, hypopigmentation of 
hair shafts with vellus hairs and empty follicles in 
a background of dilated capillaries with small 
blood extravasation [86, 87]. Diffuse SA involves 
the whole scalp, and trichoscopic observation 
does not show significant alterations [87]. 
Trichoscopy of mixed SA displays the same char-
acteristics of the moth-eaten form plus some 
additional features such as focal follicular hyper-
keratosis, diffuse scaling, and single- or double- 
bending tapering hairs at the periphery of the 
alopecic areas [88].
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8.1  Computer-Assisted 
Diagnosis (CAD): Basics 
and Introduction

Early detection of skin cancer is always important 
for clinicians in order to provide the best prognosis 
and less invasive treatment: The most effective 
management for malignant melanoma remains the 
early recognition and surgical excision of thin 
lesions [1, 2]. To date, in daily practice, the major-
ity of dermatologists identify suspect pigmented 
lesions by visual examination and then perform 
dermoscopy on selected lesions. However, both the 
methods are highly dependent on specific training, 
and diagnostic accuracy can vary greatly among 
individuals with varied experiences [3, 4]. 
Moreover, dermoscopy requires formal training as 
well as skill in image interpretation through the so-
called pattern analysis is highly dependent on sub-
jective interpretation, thus results are scarcely 

reproducible, with low inter-observer agreement, 
especially on difficult lesions [5]. To overcome 
some problems, several scoring systems and algo-
rithms such as the ABCD rule, the 7-point check-
list, chaos and clues, the iDScore, have been 
proposed to improve the diagnostic performance of 
less experienced clinicians: these “simplificated” 
algorithms provided a more standardized approach 
to melanocytic skin lesions even if in two of the 
most detailed multicenter studies reveal still mean 
to low intraobserver agreement and a lower accu-
racy respect to the pattern analysis [4, 6, 7].

In the last two decades, many studies have 
been proposed using computerized objective 
measurements obtained without any clinician 
interactions. In an attempt to increase the accu-
racy, we added some objective variables defining 
a new integrated method in order to provide good 
to high accuracy and reproducibility in selected 
case studies to be evaluated on a larger scale [1–
4, 6–9]. However, a gray zone of diagnostic 
uncertainty rests for clinically and dermoscopi-
cally difficult skin lesions, which relies on the 
intrinsic subjectivity of dermoscopic pattern 
analysis [7, 9]. It is important to clarify the differ-
ence between subjective and objective assess-
ments: a subjective assessment concerns with the 
clinician’s judgment of some aspect on the base 
of his perception, e.g., visually estimating the 
kind of shape of a specific feature or evaluating a 
presence or absence of color-related feature 
inside a lesion [5–7, 9]. An objective assessment, 
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instead, can be the age of the patient, objective by 
itself, or a computerized measurement of a fea-
ture, e.g., the maximum diameter of a lesion, thus 
resulting independent by the observer [3, 4]. With 
the development of computer-aided image analy-
sis technologies, physicians may obtain an objec-
tive “second opinion” from computer-aided 
diagnosis (CAD) software to refine their diagno-
ses [5, 10–28]. In general, CAD systems are 
intended to assist doctors in the interpretation of 
medical images and rely on the use of image- 
derived objective variables to formulate the cor-
rect diagnosis [10–15]. Beside dermatology, 
CAD has been widely used in several medical 
specialties requiring accurate lesion detection 
and image interpretation, such as radiology (e.g., 
breast lesion detection in mammography [11], 
lung nodule detection on chest radiographs or CT 
scans [12], polyp detection in CT colonography 
[13], nuclear medicine [14], and histopathology 
[15]. CAD usually expresses also objective eval-
uations indicating through measurement the 
motivations of eventual alarms.

8.2  Digital Dermoscopy Analysis 
(DDA) and CAD

In the dermatology field in the last years, one of 
the most effective example of CAD system is 
based on the generically named “Digital 
Dermoscopy Analysis” (DDA). In particular, 
DDA system relies on an objective image analy-
sis, as it takes into account only observer- 
independent image evaluations. Briefly, a DDA 
objective system should consist of (1) the acquisi-
tion of standardized digital dermoscopic images; 
(2) mathematical objective evaluation of the mor-
phological aspects of the images; (3) image and 
parameter storage for the follow-up and further 
examinations. The acquisition of images can be 
obtained through digital cameras or video-probes 
connected to the PC.  Dermatoscopic probes are 
generally composed of high-definition color cam-
eras equipped with optics using the cross-polar-
ization or the immersion technology and then 
connected to a PC through digital interfaces. The 
color calibration of the video probes plays a para-

mount role in the image quality process, and it is 
preferably to adopt a fine RGB color tuning. The 
CAD consists of employing proper classification 
methods based on the processing of the objective 
values in order to achieve a diagnostic aid. Usually 
Artificial Neural Networks and Similarity algo-
rithms are used by CAD systems based on a 
proper solid thesaurus of peculiar lesions [18, 19, 
22, 24]. Further advantages are offered by real-
time evaluations and pre-selection aid [25, 28].

8.3  DDA Siena Experience: 
The DB-Mips® Software

In early 1990, an image processing software 
(DB-Mips® Dell’Eva-Burroni, Biomips 
Engineering) was developed for the daily storage 
and image analysis of pigmented skin lesions 
with the aim to help clinicians in the rationaliza-
tion and objective evaluation of features through 
the diffusing pattern analysis in epiluminescence. 
Scientific cooperation with the Department of 
Dermatology of the University of Siena and some 
colleagues from other Universities and IRCCS 
permitted to statistically and clinically evaluate 
the software variables through proper scientific 
studies [16–18] toward a new dermatological 
approach in the pigmented lesions understand-
ing. Its peculiar innovations were independence 
from the subjectivity of the clinician, automatic 
and “in vivo” measure and classification, acquisi-
tion of high-quality dermoscopic images, com-
parison with the archived previous images. The 
original 1991 device consisted of a PC connected 
to a 3CCD camera mounted on an operating 
microscope, providing 6× to 40× magnifications 
at 1 megapixels of resolution with 16 millions of 
colors. The software identified the examining 
lesions and was able to evaluate 36 parameters 
processed by an artificial neural network trained 
on a subset of peculiar lesions [17]. After some 
preliminary accuracy tests, a further set of pat-
terns have been added tending to objectively 
describe the kind of color patterns inside the 
lesions and named Burroni’s Islands. The islands 
of colors refer to the kind and homogeneity of the 
color clusters inside the lesion and range from 
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macro patterns [19]. Accuracy evaluations have 
been performed in order to verify the usefulness 
of the islands of colors in the differential diagno-
sis of pigmentary lesions [20].

Some years later, we defined our first approach 
toward a new quantitative semiology based 
exclusively over three groups of objective vari-
ables, thus resulting not depending on the observ-
er’s subjectivity [16]. Briefly, the geometric 
variables are area, perimeter, maximum and min-
imum diameters, radius, variance of the symme-
try of the contour, circularity, irregularities of the 
edges, and ellipsoidalness. The chromatic vari-
ables are average values of blue, green and red 
inside the lesion, quartiles and deciles of red, 
green, and blue inside the lesion, green and blue 
of the healthy skin around the lesion, average 
gradient of the skin lesion, variation of the 
boundary gradient, homogeneity of the borders 
and border breaks, medium contrast, and entropy 
of the area inside the lesion. The islands of color 
variables are peripheral dark regions, dark area, 
dark region imbalance, total imbalance, green 
area, light red area, dominant green region 
imbalance, blue-gray area, gray-blue regions, 
transition area, imbalance of the transition 
region, background area, background region 
imbalance, red, green and blue multicomponent, 
and number of red, green, and blue percentiles 
within the lesion. Stepwise discriminant analyses 
have been applied in several studies to the whole 
set of variables in order to verify and test their 
reliability and contribute to better standardize the 
diagnostic process in the differentiation of pig-
mented skin lesions [25].

One of the most underestimated advantages of 
a validated objective-based pattern analysis soft-
ware is related not only to the aided diagnosis but 
mainly on the possibility to perform observer’s 
independent statistical analyses in order to differ-
entiate the main features belonging to different 
categories of lesions. During the last 25 years, we 
performed several statistical analysis in order to 
increase the features understanding the differen-
tiating melanoma from dysplastic moles, Spitz 
moles from melanoma and generally define 
objective subsets for many other kind of pig-
mented skin lesions [24–30]. Today we know that 
if we want to optimize a generic DDA methodol-
ogy, it is important both to screen the lesions to 
be submitted to the automated analysis and to use 
reliable statistical classification methods 
[28–30].

A recent software named DDAVL-HD® 
(Italimaging Startup, Siena, Italy) evaluates the 
49 DB-Mips variables oriented to the aided diag-
nosis into the early melanoma detection to be 
used, at the same, both in the daily practice and 
the advanced objective evaluations into the dif-
ferential diagnosis of pigmented skin lesions 
[25], their follow-up [27, 28], and their objective 
definitions [21]. The DDAVL-HD® provides the 
in  vivo variable detection of the lesion prior to 
image acquisition and its real-time aided diagno-
sis (Fig. 8.1b), the possibility to connect with a 
small ergonomic videodermatoscope probe or 
with a dermatoscope, the total body photography 
management, a patient’s smart database 
(Fig. 8.1a). Proper calibrations in order to obtain 
standardized visual colors and tests to verify low 

a b

Fig. 8.1 DDAVL-HD system® (a) with a detail of the real-time lesion analysis and diagnostic aid (b)
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objective value variations between different 
probes have been performed by the authors and 
deposited as the so-called technical dossier.

8.4  DDA Focused on Early 
Melanoma and Dysplastic 
Nevi

We carried out several studies to establish the 
gain in diagnostic accuracy when using the 
DB-Mips® (Dell’Eva-Burroni) variables in dif-
ferentiating early melanomas from atypical nevi 
[22–24], or evaluating MM thickness [26] and for 
MM follow-up [27]. In a series of 147 clinically 
and dermoscopically atypical melanocytic skin 
lesions excised in the suspect of malignancy (90 
nevi and 57 early MM), the DB-Mips® system 
demonstrated, despite the restricted range of 
lesions and the difficulty target, a sensitivity of 
88% and a specificity of 81% [25]. Actually, is 
not infrequent to have discrepancies in histologic 
reports from different observer pathologists on 
atypical moles and in situ MM [3, 7]. In the retro-
spective study to evaluate cutaneous melanoma 
thickness by DDA, 141 melanoma images were 
evaluated for 49 DDA parameters: the group of 
melanomas thicker than 1 mm had a larger area, 
more clear-cut and indented borders (skin-lesion 
gradient and variance of contour symmetry), a 
greater presence of blue and a greater random-
ness in the disposition of pattern components 
than thinner melanomas (less than 1 mm). Four 
variables (area, skin-lesion gradient, skin green 
average, variance of border interruptions) were 
then selected by stepwise multivariate logistic 
regression analysis to determine whether their 
extrapolation could predict melanoma thickness, 
with a resultant accuracy of 86.5% [26]. The 
DB-Mips® system was thus able to add clear 
advantages in preoperative assessment of early 
MM, such as better organization of surgical/diag-
nostic priorities based on distinction of lesions at 
high and low risk of progression; excision with 
sufficient surgical margins at the first operation, 
avoiding a second more radical operations; exci-
sion and sentinel lymph node biopsy (if needed) 

in a single operation, saving time and costs. The 
impact on the quality and effectiveness of atypi-
cal pigmented skin lesion follow-up was also 
assessed, demonstrating clear advantages in 
terms of feasibility, accuracy, and reproducibility 
between different operators [26–28].

8.5  DDA and Spitz Nevus/
Atypical Spitz Tumors

Spitzoid melanocytic lesions are usually classi-
fied as Spitz nevi (SN), atypical Spitz tumors 
(ASTs), and spitzoid melanomas (SM) [29, 30]. 
Due to their peculiar morphology, SN are still 
considered one of the highest simulator of MM, 
then DDA accuracy in discriminating them from 
early MM is slightly lower than non-spitzoid 
atypical nevi: clinical examination, patients age, 
and body site evaluations rest fundamental in 
these cases [3, 4]. Furthermore, when consider-
ing AST, the differential diagnosis is even more 
challenging because this entity of uncertain 
malignancy potential shares histologic features 
of both SN and SM, and its exact clinicopatho-
logic definition is a matter of ongoing debate 
among dermatopathologists [29, 30]. Thus, we 
aimed to test if DDA was able to provide signifi-
cant help in noninvasive differential diagnosis of 
these entities [30]. A total of 41 lesions with spit-
zoid features excised in the suspect of malig-
nancy (21 AST and 19 SN) and analyzed with 
DB-Mips® system with were retrospectively col-
lected. In monovariate analysis, AST resulted to 
be significantly larger in area than SN; three vari-
ables related to multicomponent pattern (Red 
HOM, Green HOM, and Blue HOM) were sig-
nificant; the greater concentration of pigment 
clusters at the periphery of the lesion and sharp 
interruption of the border showed statistically 
significant differences between SN and AST. On 
the contrary, in multivariate analysis, the results 
were disappointing, showing an accuracy of only 
65.5%. Based on that case study, we concluded 
that, although certain morphological characteris-
tics are more typical of SN than AST and vice 
versa, it is not possible to clearly separate these 
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two entities. This is because AST should be con-
sidered within a spectrum ranging from benign to 
clear-cut malignant lesions, rather than a separate 
entity [30].

8.6  DDA and Regressing Nevi/
MM with Regression

Regression features including white scar-like 
areas, pepper-like granules, shiny white streaks, 
which correspond to dermal scarring, pigment 
incontinence and presence of melanophages were 
historically considered suggestive for malig-
nancy [31–36]. However, we should note that, 
although regression is observed in about 10–15% 
of melanomas (i.e., melanoma with regression 
(MwR)), variable degree of spontaneous/post- 
inflammatory regression can occur in about 
6–10% of nevi, so-called regressing nevi (rN) 
[31, 32]. Some authors have recently highlighted 
the difficulty to delineate clear-cut histopatho-
logical features to distinguish benign regression 
of rN from malignant regression of MwR [35, 
36]. In this context, we aimed to investigate 
whether DDA could be able to improve diagnos-
tic accuracy in differentiating rN from MwR 
[33]. In a series of 202 melanocytic skin lesions 
exhibiting dermoscopic features of regression, 
consecutively excised in the suspected of malig-
nancy (i.e., 112 rN and 90 MwR), 12 out of 48 
tested variables were significantly associated 
with malignancy on monovariate analysis: Area, 
Shape, Maximum diameter, Gradient, Entropy 
Peripheral Dark, Green HOM, Blue HOM, Red 
HOM, Shape, Entropy Grad Peaks, Grad Sigma. 
Of note, the multivariate analysis selected Green 
HOM (i.e., difference of shape and number of 
green structures inside the lesion) and Grad 
Sigma (i.e., width of border indentation). 
Stepwise discriminant analysis showed a very 
reliable model: AUC  =  0.84 (IC 95%: 0.76–0–
92), SE  =  76% and SP  =  92%. Thus, in a pre- 
selected group of dermoscopic images with 
regression, DDA can help the physician in orient-
ing the correct diagnosis. According to our expe-
rience, nR are more common on the upper trunk 

(i.e., inflammatory/micro-trauma-induced regres-
sion) and in children and young adults (spontane-
ous regression) [33]. Taking together into account 
the age and body location of the patient and this 
DDA algorithm data, we can spare unnecessary 
surgical excision in clinical practice [33, 34].

8.7  DDA and Palmoplantar 
Lesions

The diagnosis of palmoplantar melanoma is often 
delayed and misdiagnosis is common. Acral mel-
anoma is a distinctive subtype of melanoma, with 
different prevalence according to the race [37, 
38]: it is reported to constitute 60–75% of all 
cutaneous melanomas in blacks, 43–49% in 
Asians, and 5–7% in whites; however, absolute 
incidences of acral melanoma seem to be almost 
the same in all races. Although the proportion of 
acral melanoma is low in Caucasians, pigmented 
skin lesions of the hands and feet are very com-
mon in this population. Many factors seem to 
contribute to the delay in diagnosis: advanced 
age of patients, difficulty in exploring plantar 
sites, and unusual presentation, not infrequently 
without pigmentation. However, pigmented 
lesions in acral sites do not show the classical 
pigment network pattern and/or other classical 
dermoscopic features typical of other skin areas. 
Thus, acral nevi are a source of confusion that 
challenges physicians and in the differentiation 
between atypical acral nevi (aN) and acral mela-
noma (aMM) [37–39]. Despite the undoubtful 
usefulness of dermoscopy in increasing diagnos-
tic accuracy of acral pigmented lesions, diagnosis 
is nevertheless subjective and affected by low 
inter-observer agreement, especially for lesions 
located on pressure areas of the plants that show 
multiple dermoscopic patterns. To overcome 
these problems, dermoscopic algorithms were 
developed [37]. Our contribution on this topic 
was a multicenter study aimed to test on the DDA 
ability to improve the diagnostic accuracy acral 
pigmentations and to differentiate aN from aMM 
and to further design a simple scoring model 
[39]. A series of 445 images (25  aMM and 
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420  aN) were analyzed with the DBMips: 416 
patients were Caucasian [259 females (58.2%); 
mean age 29.3 years; 186 males (41.8%); mean 
age 25.7  years], ranging in age from 18 to 
82 years. Statistically significant subset of DDA 
parameters selected by the scoring model, able of 
optimally distinguishing benign from malignant, 
included area, peripheral dark regions, total 
imbalance of colors, entropy, dark area, red and 
blue component. For each lesion, the total score, 
S, was obtained by considering the seven DDA 
parameters selected, comparing their values with 
the corresponding cut-offs and adding the contri-
butions of the associated risk scores to S when 

the cut-off conditions were met (Fig.  8.2). The 
model showed high accuracy (AUC  =  0.983). 
Setting a score threshold T  =  4 and removing 
lesions having a score S > T avoided false nega-
tives, giving a sensitivity of 100% and a specific-
ity of 83.1% (71 false positives). Of note, when 
all seven parameters were used in a multivariate 
mode to evaluate the percentage of correct clas-
sification between aMM and aN, setting sensitiv-
ity at 100% to avoid false negatives (false-negative 
ratio = 0), a minimum specificity of about 80% 
was estimated, meaning that only one fifth (false- 
positive ratio) of benign lesions were indicated 
for removal [39].
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Fig. 8.2 Statistical analysis of the i-DDA study 2018 
based on the integration between 49 DDAVL parameters 
(ITALICS), 12 dermoscopic variables (CAPITAL) and 
five clinical-anamnestic variables: univariate analysis (a), 

multivariate stepwise analysis (b), and corresponding 
stepwise selection curve (leave-one-out technique) (c). 
[SDP = Wald statistical discriminant power]
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8.8  Real-Time Artificial 
Intelligence and  Pre- 
selection Aid in the Daily 
Routine (già detto sopra)

One of the first approaches to increase the sup-
port given by the aided diagnosis came from the 
real-time analysis feature of the DB-Mips® grab-
bing module. Also it is quite common that observ-
ing patients having many suspicious lesions, it is 
quite intuitive how the real-time aid, i.e., pro-
vided while a dermatoscopic probe is scanning 
the patient’s moles, can help much more than the 
static analysis over a grabbed frame. In the sec-
ond decade of 1990, some independent clinicians 
used the DB-Mips® in order to verify the soft-
ware’s accuracy reporting 100% in sensitivity 
with 92% of specificity when used in the daily 
routine [40].

Between 2002 and 2010, two multicenter 
studies have been performed in order to verify 
the DB-Mips® integrated artificial intelligence 
used among images obtained by different cam-
eras reporting always similar results in terms of 
accuracy in the daily routine grabbed lesions 
[24, 27]. These studies were performed over a 
daily routine study population to test the reliabil-
ity of the DB-Mips integrated classifier, but also 
canonical statistical analysis has been adopted as 
a further proof of reliability: sensitivity higher 
than 90% and specificity higher than 78% were 
reported, showing very similar trends even when 
performed using different kinds of cameras and 
clinicians experience under different studies. In 
the first study we tested the integrated DB-Mips 
classifier over patient’s lesions during a 4-year 
daily routine image storaging. All the excised 
lesions have been diagnosed by histology lead-
ing to 391 melanomas (among which 51 situ 
melanoma and 103  <  0.75  mm Breslow thick-
ness) and 449 melanocytic nevi. Depending on 
the center’s population, the sensitivity of the 
DB-Mips varied between 93% and 98% while 
the specificity was between 78% and 79% [24]. 
In the second subsequent study, 1308 patients 
and 3544 pigmented lesions were evaluated in 
three centers: a total of 466 pigmented lesions 
were surgically removed and classified by histo-

pathology. Among those, 52 melanomas and 299 
dysplastic nevi have been identified. Depending 
on each single center, the sensitivity of the 
DB-Mips varied between 90% and 95% while 
the specificity between 79% and 93%. It is 
important to underline the fact that using some 
CAD systems such as DB-Mips and 
DDAVL-HD® durting lesion examination 
allows to have the aided suggestion in real time 
on the monitor as a live warning [28]. This can 
also help in the pre-selection of suspicious 
lesions to be saved and compared in a second 
time [27].

8.9  Integration of Clinical- 
Personal Objective Variables 
into DDA: The i-DDA 2015 
Study

In recent years, we explored the new field of 
research: the integration of clinical–personal data 
into dermoscopy (DS) based on classic dermo-
scopic pattern analysis, named “iDS” [3, 4]. 
Then, we tested the impact of adding few iDS 
variables in the DDA system. These newly devel-
oped systems were named integrated “i-DS- 
DDA” and were dedicated to dermatologists 
mainly concerned with equivocal “difficult” pig-
mented skin lesions [39].

A series of 856 dermoscopic images of clini-
cally atypical pigmented skin lesions excised in 
the suspect of malignancy (i.e., 584 nevi and 
272  MM) were analyzed by the DDAVL-HD® 
software: the software evaluated 48 objective 
parameters to be studied as possible discriminant 
variables, grouped into four categories (geome-
tries, colors, textures, and islands of color). We 
also collected three objective clinical-anamnestic 
parameters (age, sex, body site) and three dermo-
scopic data such as the presence/absence of three 
dermoscopic patterns (i.e., blue-white veil, 
regression, and vascular structure polymorphism) 
according to experts’ evaluation. The choice of 
these three dermoscopic parameters was made on 
the basis of the consideration that they strongly 
correlate with melanoma. The three clinical- 
anamnestic objective variables and the three der-
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moscopic subjective variables were integrated in 
the statistical analysis to the DDAVL-HD® vari-
ables, for each image/case: all variables were 
dichotomized according to positive (melanoma) 
or negative (nevi) outcome. Univariate analysis 
of the integrate database showed that patient age 
was greater for melanomas (age range: 
40–50  years) than for atypical nevi (age range: 
30–40  years); all three dermoscopic variables 
were indicative of melanoma (p < 0.05); among 
the personal data, only “age” proved to be statis-
tically significant. Multivariate analysis chooses 
“regression structures” and “age” as the second 
and third most important significant parameters 
in the i-DDA method (Table  8.1). The i-DDA 
model showed 100% sensitivity, 40.8% specific-
ity, 89.2% accuracy (AUC  =  0.89); the DDA 
model showed 84.4% of accuracy (AUC = 0.84) 
and poor specificity of 13.4% [39]. We thus dem-
onstrated that the inclusion of objective parame-
ters increased significantly the accuracy of the 
DDA in melanoma detection among borderline- 
excised pigmented skin lesions [39].

8.10  Evolution of DDA Software

In our experience, we think that these new tech-
nologies can be used both in the daily practice 
and in evaluating borderline lesions [24, 25, 42, 

43]. The real-time aid also provided by the 
DDAVL-HD® (Burroni-Dell’Eva, Italimaging 
Startup), using the DB-Mips® variables, is opti-
mal as a first computerized support when used on 
groups of lesions that are to undergo the tradi-
tional DDA inspection for an in-depth analysis. 
The DDAVL-HD® evaluates in a “real-time” 
mode the aforementioned variables, so that the 
clinicians can interpret them through the soft-
ware diagrams, having also the aid response. The 
DDAVL-HD® database stores each lesion’s 
objective values along with patient’s anamnestic 
data so that the computer not only deal with digi-
tal images measurements but also with other clin-
ical and anamnestic data of the patient as an 
exhaustive database (it is well known that some-
times differentiation between a Reed/Spitz nevus 
and melanoma is based more on age of onset than 
on fine clinical-dermoscopic parameters) [3, 4].

8.11  Integration of Clinical–
Personal and Dermoscopical 
Variables into DDA: 
The i-DDA 2018 Study

Introduction. Between 2016 and 2017, we retro-
spectively analyzed a case study of 450 dermo-
scopic images of clinically and dermoscopically 
“difficult” melanocytic skin lesions: all were 
consecutively excised in the suspect of malig-
nancy. Histopathological analysis was performed 
based on 2/3 pathologists’ agreement, resulting 
in 300 nevi and 150 early melanomas. To ensure 
the homogeneity of the dermoscopic image data-
base, palmar and plantar lesions were excluded, 
due to their peculiar “special-site dermoscopic 
pattern”; all images were acquired with polarized 
light at standardized enlargement (17×). Since 
they represent clinical simulator of early melano-
mas in clinical practice, Spitz and Reed nevi were 
included too [4]. Dermoscopic subjective evalua-
tions (i-DDA) were performed by five different 
experts in dermoscopy blinded to histopathologi-
cal diagnosis. Fleiss’ κ was calculated to measure 
concordance level between experts in the descrip-
tion of dermoscopic parameters for each 
MSL. The power of the studied variables in dis-

Table 8.1 Stepwise logistic regression model designed 
on the i-DDA 2015 over an integrated database of 48 
DDA variables (ITALICS), 3 three dermoscopic patterns 
(CAPITAL), and three personal variables: multivariate 
analysis

Step 48 DDA variables i-DDA variables
1 Red multicomponent Red multicomponent
2 Imbalance REGRESSION 

STRUCTURES
3 Perimeter Age
4 Green 

multicomponent
Green multicomponent

5 Minimum diameter Shape
6 Border interruptions Border interruptions
7 Mean skin-lesion 

gradient
Entropy

8 – Minimum diameter
9 – Imbalance

Reproduced with permission from [41]

L. Tognetti et al.



95

criminating malignant from benign lesions was 
also investigated through F-statistics. According 
to monovariate analysis, the variables “age” and 
“maximum diameter” supplied the highest dis-
criminant power (F = 253 and 227, respectively); 
atypical network, blue white veil, and white shiny 
streaks were the most significant dermoscopic 
patterns suggestive of malignancy (F = 110, 104 
and 99.5, respectively). Shiny white streaks were 
the only dermoscopic parameter to obtain satis-
factory concordance value. The problems of low 
concordance between experts [4], due to subjec-
tive assessments, are also reported on other mul-
ticenter studies [6, 7]. In term of accuracy in that 
case study, the specific statistical weight of clini-
cal and personal objective data (i.e., “patient’s 
age” and “lesion diameter”) surpassed those of 
atypical dermoscopic features [4].

These findings suggested to add the objective 
parameters provided by the DDAVL-HD® soft-
ware. Moreover, we aimed to compare the perfor-
mance of a) the dermoscopic pattern analysis 
alone (DS); b) an integrated dermoscopy system, 
based on the 12 dermoscopic patterns and clini-
cal–personal data that resulted significant in the 
previous study: i-DS [3]; c) a new “i-DS-DDA” 
method.

Materials and methods. We performed an 
image quality selection of 435 images (104 MM 
and 301 nevi, 1 image/lesion) out of the database 
of 450 [3]. We then collected for each patient/
lesion four clinical (maximum diameter, lesion 
body site, UV-related site exposure classifica-
tion), two personal (age, gender) as reported in 
Table 8.2. According to 2/3 expert dermoscopists’ 
agreement, we assessed the presence/absence of 
12 dermoscopic pattern in each lesion, including 
shiny white streaks (SWS), irregular dots and 
globules (IDG), blue-white veil (BWV), blue-
gray globules (BGG), hypopigmented areas (HA), 
irregular streaks (IS), atypical network (AN), 
white scar-like areas (WSA), pigmented areas 
(PA), blue-white veil >30 (BWV > 30), atypical 
vascular pattern (AVP), and blue-gray peppering 
(BGP). Finally, all 435 images were elaborated by 
DDAVL-HD® software: this analysis generated 
the extraction of 49 DDAVL-HD® variables, 
grouped into eight geometric variables, 14 color 
variables, two structural variables, 25 Burroni’s 

island. The final integrated database was com-
posed of 435 images associated with 66 variables: 
five objective clinical-anamnestic data (age, sex, 
body site, diameter, UV-exposure classification), 

Table 8.2 Descriptive statistics of the case study ana-
lyzed in the i-DDA 2018 study

Clinical-anamnestic 
variables

Nevi 
(n = 301)

MM 
(n = 134)

Lesion number (%)/range; 
average value

Sex
  M 143 (47%) 66 (49%)
  F 158 (52%) 68 (51%)
Age (years) 1–87; 38.1 23–89; 53.6
  0–10 0 0
  11–20 35 (11.6%) 0
  21–30 66 (22%) 9 (3%)
  31–40 83 (27.5%) 19 (6.3%)
  41–50 58 (19.2%) 36 (12%)
  51–60 34 (11.3%) 20 (6.6%)
  61–70 13 (4.3%) 28 (9.3%)
  71–80 11 (3.6%) 16 (5.3%)
  >80 4 (1.3%) 6 (2%)
Maximum diameter 
(mm)

2–16; 7 1–19; 9.51

  <5 43 (14.2%) 2 (1.5%)
  5–7 151 (50%) 41 (30.5%)
  8–9 68 (22.5%) 37 (27.6%)
  >10 39 (13%) 54 (40%)
Lesion body site, UV-exposure classification
 A.  Upper extremities 

(chronically 
photoexposed)

24 (8%) 19 (14%)

   • Head 2 (1.5%) 0
   • Neck 0 1 (0.7%)
   • Arms/hands 22 (7%) 18 (13.4%)
 B.  Lower extremities 

(frequently 
photoexposed)

46 (15.2%) 37 (27.6%)

   • Thigh 0 0
   • Leg 44 (14.6%) 35 (26%)
   •  Ankle/back of 

the feet
2 (1.5%) 2 (1.5%)

 C.  Upper trunk (seldom 
photoexposed)

161 
(53.4%)

57 (42.2%)

   • Shoulders 0 2 (1.5%)
   • Chest 41 (13.6%) 12 (9%)
   • Upper back 120 (40%) 43 (32%)
 D.  Lower trunk (rarely 

photoexposed)
70 (22.2%) 21 (15.7%)

   • Abdomen 38 (12.6%) 13 (9.7%)
   • Bottom 11 (3.65%) 3 (2.2%)
   • Side 20 (6.6%) 5 (3.7%)
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12 dermoscopic parameters, and 49 DDAVL-HD® 
parameters. Thus, a total of 28.710 variables were 
dicothomized for benign/malignant according to 
histological evaluation, in order to perform mon-
ovariate and multivariate stepwise analysis.

Results. Univariate analysis demonstrated that 
age of the patient and diameter of PSL represents 
the most significantly variables associated with 
melanoma, with a statistical discriminant power 
of 210 and 195, respectively, followed by two 
DDAVL-HD® variables, namely area and Dmin 
(Fig.  8.2a). Another important consideration 
emerging from the univariate analysis of the 
study is that all of the 12 dermoscopic variables 
are significantly associated with early melanoma 
detection, the most important being atypical net-
work, blue-white veil, and shiny white structures. 
The multivariate stepwise analysis selected a 
series of 17 variables (age, maximum diameter, 
UV-exposure site, atypical network, RedHOM, 
chronically photoexposed areas, frequently pho-
toexposed areas, blue-gray peppering, UMBAL, 
irregular dots and globules, DRATIO, irregular 
pigmented blotches, white scar-like areas, irregu-
lar streaks, blue-white veil) (Fig. 8.2b). The step-
wise selection based on the leave-one-out 
technique stopped at step 17 as illustrated in 
Fig. 8.2c (arrow at step 14, higher value of AUC). 
The performances of the three methods are repre-
sented in discriminating atypical nevi from early 
MM and are illustrated by corresponding ROC 
curves are in Fig. 8.3: DS (a), clinical–personal 
variables (b), i-DS (c), and i-DS-DDA (d). The 
highest accuracy was obtained by the system 
i-DS-DDA that reached an AUC of 0.921, 
SE = 100%, SP = 58% (best accuracy: SE = 90%, 
SP = 74%) (d), followed by selected clinical–per-
sonal variables “age,” “maximum diameter,” and 
UV-related classification of body—i.e., site 
exposure—(AUC  =  0.833) the system and the 
i-DS system (AUC = 0,881) (b). Then, the der-
moscopy performance, although based on 
selected significant dermoscopic variables and 
evaluation of experts dermoscopists, was quite 
accurate but with unacceptable accuracy in this 
difficult subset of lesions (AUC = 0.79) (a).

Discussion. In line with the observations of 
other authors [31], incorporating patient age as 
metadata determined a sharp improvement in 
correct diagnostic rate for early melanomas (MM 
in situ, MM < 1 mm thick) and benign melano-
cytic lesions [3, 4, 34, 41].

However, many studies, based on subjective 
methods, have been reported showing how the 
assessments of the visual features of the examin-
ing lesions depend on the knowledge degree of 
the clinicians and consequently low concordance 
values also between expert dermatologists are 
widely reported [4, 6, 7]. Reproducible and diag-
nostic significant objective variables imply a bet-
ter standardization in terms of the final result of 
the dermatoscopic analysis. Some equivocal sub-
jective assessments leading to low concordance 
among dermatologists should be better investi-
gated in this field of noninvasive technologies.

In term of accuracy, from this study, we can 
assert that selected objective patient’s related 
information (age, lesions site and gender) along 
with validated objective robust variables [16, 19] 
and a weighty and robust contribution [3, 4, 21, 
24, 34, 41].

8.12  Future Perspective 
in the Aided Diagnosis

Our approach based on an “objective semiology,” 
applied upon the several studies here reported, 
has multiple advantages to provide a reliable 
diagnostic method and to indicate to the clini-
cians which parameters are statistically signifi-
cant for the final result. In our opinion, this is 
actually the real meaning of “aided diagnosis”: 
not merely reaching a final diagnosis/results 
 “no- reason explained,” but mainly helping 
experts in a deeper knowledge of the skin lesions 
visual features. This is particularly applied to the 
delicate field of histopathological diagnosis of 
“difficult” skin tumors, where a simple dicotomic 
“benign/malignant” cut-off is often difficult to 
achieve, and we should rather reason in terms of 
malignancy degree.

L. Tognetti et al.
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Optical Super-High Magnification 
Dermoscopy

Gerardo Ferrara, Daniele Dusi, Marco Sigona, 
Marco Simonacci, and Renato Rossi

Recent technical progress in digital imaging has 
given us the opportunity to refine techniques used 
in dermoscopy. By means of the capillaroscopy 
objective of FotofinderMedicam 1000 (Fotofinder 
System, Bad Birnbach, Germany), a pigmented 
lesion can be observed at up to 400 times the 
original magnification [1]. Such an optical super- 
high- magnification dermoscopy (OSHMD) can 
allow visualize even single-pigmented cells 
within the epidermis and the superficial dermis, 
in a strikingly similar fashion as reflectance con-
focal microscopy (RCM). In the real-time mode, 
even the flow of single erythrocytes within the 
capillary bed can be nicely observed. In order to 
give an idea about the power of resolution of this 
technique, Fig. 9.1 shows a scabies mite with its 
eggs and embryos.

Since this technique enables even visualiza-
tion of single cells, a more careful evaluation of 
some “local” dermoscopic features of pigmented 
skin tumors is possible, thereby giving additional 
parameters for clinically difficult-to-diagnose 
tumors.

The following “local” dermoscopic features of 
skin tumors can be more carefully investigated 
and redefined based on OSHMD.

Pigment network—At the dermoepidermal 
junction, melanocytes aggregate into brown rings 
composed of small brown round/polygonal 
“small circles” (each one corresponding to a sin-
gle melanocyte) surrounding the dermal papillae; 
within the latter, small blood capillary loops are 
seen. This arrangement is strikingly similar to the 
“edged papilla” arrangement as seen in reflec-
tance confocal microscopy [2]. Dermal papillae 
may be variously sized and shaped; importantly, 
however, in nevi they are “on focus,” with sharp 
outlines of the polygonal pebbles, whereas in 
melanoma they are “blurred” and with variously 
merging shades of brown; such a “local” finding 
is hardly appreciated with conventional dermos-
copy. In addition, the pigment network of mela-
noma is associated with capillary loops which are 
not centered to the papilla, but are irregularly dis-
tributed throughout the pigmented area (Fig. 9.2).

Dots—As for conventional dermoscopy, they 
appear as discrete roundish collections of pig-
ment [3]. Different from conventional dermos-
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Fig. 9.1 Scabies on 
OSHM. A curvilinear 
borrow (inset) with the 
convex outline 
demarcated by 
hemorrhagic crusts and 
the concave outline 
filled with white 
oval-polygonal white 
lentil-like structures 
corresponding to the 
eggs of the mite; the 
arrowheads indicate the 
embryos within the 
eggs. Note the head of 
the mite (inset)

a b

c d

Fig. 9.2 A side-by-side comparison between the pigment 
network in a nevus (a, c) and in a melanoma (b, d). The 
dermoscopic diagnosis is obvious in both the cases. With 
OSHMD, the pigment network of a nevus appears as on- 
focus brown rings composed of small brown round/polyg-

onal circles surrounding dermal papillae; within the latter, 
small blood capillary loops with blood vessels are seen 
(arrowheads). In melanoma, the pigment network (in the 
area indicated by the arrowhead in Fig.  9.2a) is out of 
focus, with untidy capillary loops (arrowheads)

G. Ferrara et al.
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copy, OSHMD discloses dots whose morphology 
is better appreciated and can make the difference. 
In melanocytic tumors, dots are polychromatic 
and with jagged outlines (“blackberry” pattern); 
instead in basal cell carcinoma, they are homoge-
neously black and perfectly round (“blueberry” 
pattern) (Fig. 9.3). In melanoma, the presence of 
dots of different size outside the pigment lines 
may be a clue to pagetoid spread (Fig. 9.4).

Globules—On OSHMD, these appear as small 
circles aggregated into uniform polycyclic, 
sharply outlined papillary structures. Defined as 
such, they are diagnostic of dermal nevi (Fig. 9.5). 
As for conventional dermoscopy [3], the histo-

pathological counterpart of papillary structures is 
given by roundish nests of dermal melanocytes 
underlying a papillated epidermis (Fig. 9.6).

White scar-like areas—As a rule, these der-
moscopic structures warrant surgical excision, 
although they can be seen both in nevi and in 
melanoma [4, 5]. White, mostly structureless, 
scar-like areas, as seen on conventional dermos-
copy, are not structureless on OSHMD, inas-
much as they are characterized by faint remnants 
of pigment network. In nevi, such a pigment 
network still discloses an “edged papilla-like” 
arrangement (Fig. 9.7); instead, in melanoma, at 
least focally, these remnants of pigment are 

a b

c d

Fig. 9.3 A side-by-side comparison between dots of 
basal cell carcinoma (a, c) and dots of melanoma (b, d). 
On conventional dermoscopy (a, b), black dots look the 
same; with OSHMD, in basal cell carcinoma, they show 

round contours (“blueberry pattern”; c), whereas in mela-
nocytic tumors, they show jagged outlines (“blackberry” 
pattern; d)

9 Optical Super-High Magnification Dermoscopy
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Fig. 9.5 Classical 
OSHMD picture of a 
dermal nevus, composed 
of uniform circles 
aggregated into papillary 
structures

Fig. 9.4 A melanoma with ‘spitzoid’ dermoscopic feaures (a) characterized by variously sized dots (b, c), the latter 
corresponding to single melanocytes and small aggregates of melanocytes within the upper layers of the epidermis (d)

a b

c d
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a b

c

Fig. 9.6 OSHMD of a dermal nevus featuring papillary 
structures made up of aggregates of uniform circles of 
round/polygonal cells (a). The lesion was removed 
because it was associated with a melanoma (b, arrow-
heads); its benign component was characterized by a 

papillated epidermal hyperplasia with dermal roundish 
aggregates of monomorphic melanocytes (c). The dermal 
aggregates of melanocytes are the histopathological coun-
terpart of the aggregates of circles seen in Fig. 9.6a

more densely and irregularly arranged and show 
angular contours. We have termed such struc-
tures “angled nests” and have found them to be 
100% melanoma-specific (Ferrara G. et al; sub-
mitted). Histopathologically, “angled nests” 
correspond to irregular in size, spaced, and 
shaped nests of melanocytes within an irregu-
larly hyperplastic epidermis; quite characteristi-
cally, the epidermis is untidily compressed by 
untidily arranged subepidermal collagen bun-
dles (Fig. 9.8).

Site-specific structures—Conventional der-
moscopic features of lentigo maligna (gray dots, 

pseudonetwork, rhomboidal structures, pig-
mented follicles, annular-granular structures) [6] 
are better defined on OSHMD, with a sharper 
definition of different colors. In lentigo maligna, 
the grayish color seen on conventional dermos-
copy [6] splits into different colors ranging from 
black to blue; instead in epithelial tumors (sebor-
rheic keratosis, lichen planus-like keratosis, pig-
mented actinic keratosis), the prevailing color is 
brown (Fig. 9.9).

In keratinocytic tumors, OSHMD allows a 
better visualization of the “strawberry pattern” of 
actinic keratosis; likewise the disappearance of 
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b

d

a

c

Fig. 9.7 (a–d) Four examples of scar-like regressive areas of a Clark nevus. The remnants of pigment are relatively 
homogeneous and arranged in an “edged papilla-like” fashion

the follicles in early invasive squamous cell car-
cinoma [7] can be probably detected in an earlier 
phase than with conventional dermoscopy 
(Fig. 9.10).

Vascular structures—In regressing melanoma 
with relative preservation of epidermal hyperpla-
sia, conventional dermoscopy shows areas of 
reticular depigmentation which, on OSHMD, dis-
closes peculiar “targetoid” structures. Such struc-
tures are typified by a diffuse brownish 
pigmentation surrounding a white area centered 
by a large capillary loop of the dermal papilla 
(“target capillary”) (Fig. 9.11). On histopathology, 
such “targetoid” structures correspond to newly 

formed superficial vessels embedded by fibrosis 
and surmounted by a proliferation of melanocytes 
mainly arranged in single units at the junction; in 
such a context, the epidermis typically shows a 
relatively preserved retiform epidermal hyperpla-
sia, which, in conjunction with dermal fibrosis, is 
responsible for the reticular depigmentation as 
seen on conventional dermoscopy [8].

In conclusion, OSHMD is a promising tool for 
the management of clinically ambiguous skin 
tumors. The impact of such a new technique in 
routine practice is being evaluated by ad hoc 
ongoing studies.
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a b

c d

Fig. 9.8 A melanoma with regression. Dermoscopy fea-
turing a disrupted pigment network with multiple white 
scar-like areas (a); prominent “angled” nests on OSHMD 
with very thick and irregular pigment lines (b, c); the his-

topathological picture characterized by irregular epider-
mal hyperplasia, irregular basilar proliferation of single 
and nested melanocytes, irregular collagen bundles in the 
dermis (d)

a b

Fig. 9.9 A side-by-side comparison between lentigo 
maligna and pigmented actinic keratosis. On conventional 
dermoscopy (a, b), both are characterized by a grayish 
pigmentation. With OSHMD, lentigo maligna appears 
with different shades of color, ranging from black to blue 

(c), reflecting the different depth of pigment; instead in 
pigmented actinic keratosis, the brown color is strikingly 
prevailing (d) because of the prevailing pigmentation of 
basilar keratinocytes
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c d

Fig. 9.9 (continued)

a b

c d

Fig. 9.10 Dermoscopic features of a pigmented actinic 
keratosis, with the strawberry pattern as seen on conven-
tional dermoscopy (a), which corresponds to a diffuse 
interfollicular erythema with horny plugs on OSHMD (b). 

In comparison, on OSHMD, ulcerated squamous cell car-
cinoma (c) discloses an obliteration of the hair follicles at 
the borders of the ulcer (d)
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Fig. 9.11 Regressing melanoma. Conventional dermos-
copy characterized by reticular depigmentation (a); on 
OSHMD, huge capillary loops surrounded by a hypopig-
mented halo, the latter surrounded by a brownish hue (tar-
getoid appearance; b). On histopathology, a melanocytic 

tumor with focal regression (c) characterized by newly 
formed superficial vessels embedded by fibrosis and sur-
mounted by a proliferation of melanocytes mainly 
arranged in single units at the junction with relatively pre-
served retiform epidermal hyperplasia (d)
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Fluorescence Videodermoscopy

Elisa Cinotti, Alessio Adamo, and Paolo Broganelli

The panorama of videodermatoscopy or video-
dermoscopy is expanding, and fluorescence can 
be used to obtain additional information that can 
be integrated with current diagnostic technology 
[1]. Fluorescence is a process whereby a mole-
cule absorbs radiation at a wavelength and emits 
it at a higher wavelength. The peak of absorption 
of a wavelength is characteristic of specific mol-
ecules and can be visualized by a radiative (pho-
ton emission) or non-radiative (total absorption) 
phenomenon. Fluorescence of the skin can be 
caused either by endogenous substances that 
cause autofluorescence of the tissue (i.e., self-
fluorescence without any specific additives on or 
inside the skin) or by fluorescent dyes or markers 
introduced into the organism from outside, 
which, when they accumulate in definite struc-
tures of the tissue, for example in tumors, make it 
capable of secondary fluorescence [2]. Under the 
action of ultraviolet (UV) radiation or blue light, 
all tissues possess the capability for autofluores-
cence in one degree or another. There are many 

endogenous fluorophores in the upper skin (pro-
teins and pigments such as flavins, collagen, elas-
tin, melanin, and hemoglobin), each with its 
specific absorption spectrum. However, the over-
lap of the spectral bands of these fluorophores in 
combination with light scattering and the absorp-
tion of radiation in the tissue make the autofluo-
rescence spectra of biological tissue wide and 
weakly structured especially if the field of view 
(FOV) is wide. Therefore, fluorescence markers 
have been studied to identify specific target like 
tumors (e.g., aluminolevulinic acid used for pho-
todynamic therapy to induce the production of 
the endogenous chromophore protoporphyrin 
IX). The differences of fluorescence in the nor-
mal and in pathologic skin can manifest them-
selves both in the spectral properties and in the 
observed morphological pattern. Accordingly, 
the apparatus for fluorescence diagnosis is either 
spectral or imaging.

Many prototypes of videodermoscopes that 
exploit autofluorescence are under study. For 
example, Forschner et al. [3] studied the different 
fluorescence spectra of melanin in cutaneous 
melanoma (peaked at 640 nm) and melanocytic 
nevi (peaked at 590 nm) and created a computer 
algorithm with a defined set of parameters that 
allowed to interpret melanin fluorescence in the 
area imaged by videodermoscopy. Under normal 
conditions, melanin fluorescence is surpassed by 
the autofluorescence of the remaining endoge-
nous fluorophores in the cells. In order to obtain 
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a more selective fluorescence, melanin was 
excited via stepwise two-photon absorption with 
nanosecond laser pulses at 800 nm. Although the 
resulting melanin fluorescence was detected in a 
wide range of approximately 385–785 nm, their 
device had a sensitivity of 89.1% and a specific-
ity of 44.8% for melanoma on 476 equivocal pig-
mented lesions.

One of the few autofluorescence videodermo-
scopes that provides skin images and that is avail-
able on the market is fluorescence advanced 
videodermatoscopy (FAV).

10.1  Fluorescence Advanced 
Videodermatoscopy

Fluorescence advanced videodermatoscopy 
(FAV) is a new imaging noninvasive technique 
that couples videodermoscopy with the informa-
tion derived from the autofluorescence of some 
skin molecules such as hemoglobin and melanin 
[4]. FAV is an optical electronic system that uses 
a handheld Horus probe (Adamo S.r.l., Trapani, 
Italy) with a monochromatic light-emitting 
source with a wavelength of 405 nm (±5 nm) and 
a fixed angle of incidence [4].

The probe uses a monochromatic 640  ×  480 
pixel charge-coupled device (CCD) sensor with 
high spectral sensitivity for λ = 380–830 nm, with 
a high frame-rate of 120 frames/s managed by a 
dedicated firmware. The optical system consists 
of several coupled lenses that allow primary mag-
nification of about 12× mounted on a mechanical 
support with screw coupling and a relative axial 
sliding of 500 μm/360°. In this way, it is possible 
to obtain an excellent control with axial variations 
of about 7 μm. The depth of field obtained is about 
30–50 μm and allows a pseudo- 3D view of the 
structure under examination. The optical resolu-
tion obtained is approximately 1  μm. The FAV 
method is based on the absorption level of some 
endogenous chromophores at specific wave-
lengths. This absorption translates visually into a 
level of gray tending to black for those chromo-
phores that absorb the totality of the irradiated 
light. Fluorescence, not selectively filtered, is 
visually represented by gray levels tending to 
white (black no fluorescence, white highest fluo-

rescence). The different refractive index of the 
stratum corneum determines a scattering phenom-
enon that is eliminated using glycerol which also 
allows a better permeability of light radiation.

The examination is carried out in vivo and the 
optical device is directly applied on the skin. By 
manually regulating the focus on the optical 
device, it is possible to scan different depths of 
the skin. The field of view is 340 μm and the opti-
cal penetration depth (OPD) is around 200–
400  μm, reaching the dermis. Subcutaneous 
structures are poorly viewed in the UV region, 
and this is because this radiation does not pene-
trate the skin very far. FAV allows for a fast and 
dynamic examination of superficial skin struc-
tures with a resolution on a cellular level and can 
directly visualize pathogens in selected skin 
infections, skin microcirculation, and pigmented 
tumors. The instrument is coupled with a video-
dermoscope (Horus System HS600) with high- 
definition probe, double-diode polychromatic 
lighting with and without cross-polarization 
selectable automatically, and 30× (field of view—
FOV 7.4 mm) and 150× (FOV 1.7 mm) magnifi-
cations that can be useful to compare images.

Healthy skin: In healthy skin, it is possible to 
observe the structures endowed with endogenous 
chromophores (melanin and hemoglobin) up to 
the superficial dermis with great precision. It is 
also possible to observe the stratum corneum 
(Fig. 10.1a) without interface fluid, exploiting the 
reflection of keratin [4]. The underlying layers 
are seen with the aid of an interface liquid. 
Keratinocytes have bright cytoplasm and dark 
nuclei (Fig.  10.1b). By manually adjusting the 
focus depth, it is possible to go deeper and 
observe the dermal papillae (Fig.  10.1b and c), 
projecting into the overlying epidermis. They are 
characterized by a circular design and by a greater 
brightness on the periphery, due to the vertical 
addition of the chromophores (melanin) that are 
present in the basal layer of the epidermis. There 
is an excellent correlation between horizontal 
histology and in  vivo fluorescence microscopy 
(Fig. 10.1d). Proceeding toward the deeper struc-
tures, it is possible to observe the red blood cells 
moving inside the capillaries of the dermal papil-
lae (Fig. 10.1c); the walls of the vessels are not 
distinguished, but the hemoglobin allows to mark 
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the red blood cells perfectly. In the periungual 
site, red blood cells are more visible due to the 
superficial capillaries. Follicular structures are 
clearly observed; the hair follicle (Fig.  10.2) 
appears as a dark circular structure, often filled 
with keratin and sebaceous material. Around the 
hair follicles, basal keratinocytes densely dis-
posed circumferentially can be observed.

Superficial skin mycosis: It is possible to see 
dermatophytes as elongated thin structures 
(Fig. 10.3). Interface fluid should be used to elim-
inate images of scaling corneocytes at the skin 
surface because their contours can mimic fungal 
hyphae. Hyphae are usually bright, but they can 
be dark in tinea nigra due to their pigmentation.

a b

c d

Fig. 10.1 In vivo fluorescence-advanced videodermatos-
copy (FAV, a–c) of healthy skin and correlation with his-
tology (d). FAV without interface liquid shows the stratum 
corneum (a), whereas FAV with interface liquid shows 
deeper layers (b and c). Dermal papillae hilltops project in 

the overlying epidermis covered by round cells with light 
cytoplasm (b, the white circle highlights a single papilla) 
and correlate with horizontal histology (d, 400×, hema-
toxylin and eosin stain). Red arrow indicates the capillary 
loops in the dermal papillae (c)

Fig. 10.2 In vivo fluorescence-advanced videodermatos-
copy (FAV) image of a hair follicle with a hair shaft (red 
arrow)
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Parasitoses: Main skin parasites can be 
observed under FAV [4]. The tails of Demodex 
folliculorum mite are visible as bright roundish 
or elongated structures in the context of the hair 
follicle (Fig.  10.4). By modulating the penetra-
tion depth, it is possible to evaluate the distribu-
tion of the mites in the hair follicle; their heads 
upside down in the deeper part of the follicle and 
the elongated cone-shaped bodies and tails pro-
truding from the follicle’s ostium.

Sarcoptes scabiei hominis can be observed in the 
different phases of its development, as well as its 
droppings and eggs (Fig. 10.5). Adult mites appear 
as ovoid bodies with four pairs of short leg. Their 
eggs can be identified as ovoid structures with a 
darker thin wall. Larva migrans can be seen in its 
tunnel as an oval structure with a highly bright edge.

a b c

d e f

Fig. 10.3 Clinical, dermoscopic, fluorescence-advanced 
videodermatoscopy (FAV) and microscopic examination 
of dermatophytosis. Clinical (a), dermoscopic (b), and 
FAV (c) presentation of a plantar tinea nigra; dermoscopy 
(b) shows uniform brown spicules with a reticular-like 

pattern, and FAV (c) shows the hyphae of 
Phaeoannellomyces werneckii. Clinical (d) and FAV (e) 
presentation of a tinea corporis and correlation with the (f) 
fungal culture obtained by scraping the skin lesion; fungal 
hyphae appear as bright structures under FAV (e)

Fig. 10.4 Fluorescence-advanced videodermatoscopy 
images of Demodex mites occupying a hair follicle: green 
arrows in the figure indicate the mites observed from 
above which protrude from the follicle ostium
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FAV also allows to identify insects moving on 
the skin surface. For example, Trombicula autum-
nalis does not excavate tunnels in the skin but 
attaches to the glabrous skin (Fig. 10.6) and feeds 
for a period of 2–10 days. At the end of the meal, 
it leaves the skin and returns to the ground where 
it develops in nymphs (four pairs of legs) in 

5–6 weeks. In the autumn period, it is responsible 
for the trombiculosis affecting numerous mam-
mals including humans.

Skin tumors: FAV can help to identify the 
increased vascularization of malignant skin 
tumors such as basal cell carcinoma (Fig. 10.7), 
squamous cell carcinoma (SCC), and melanoma. 

a b

Fig. 10.5 Fluorescence-advanced videodermatoscopy images of scabies. Mite’s droppings (a), mite’s eggs ((b) blue star, 
ovoid structures with a thin black outline), and envelopes of the hatched eggs (red arrow) along the burrow are visible

a b

Fig. 10.6 Clinical (a) image of an entomodermatitis caused by Trombicula autumnalis and fluorescence-advanced 
videodermatoscopy (FAV, b) image of the insect. FAV shows the parasite in its larval form (three pairs of legs)
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In benign vascular tumors, such as capillary angi-
omas, the red blood cells have a slow flow and 
accumulate in dilated tortuous spaces, separated 
by bright lines corresponding to the collagen 
bundles. In keratinizing tumors such as SCC, 
FAV highlights the keratotic component 
(Fig.  10.8). Malignant melanocytes can be 
observed as roundish dark cells heterogeneous in 
pigmentation, shape, and size (Figs.  10.9 and 
10.10). Since the provided images correspond to 
a small FOV, the videodermoscope coupled with 
FAV can be used to target the areas of interest 

(Fig. 10.11) The main limitation of FAV for the 
diagnosis of skin tumors is that only pigmented 
cells are visible, and therefore, single cells of 
SCC and basal cell carcinoma are not visible 
when not pigmented, and it is possible that malig-
nant melanocytes are only partially seen.

Other applications: FAV could be useful for 
the diagnosis and follow-up of many skin dis-
eases. Since the vascularization is well visible, all 
inflammatory diseases should be explored in 
future studies (Fig.  10.12). Moreover, FAV can 
be used to enhance videocapillaroscopy.

a b

Fig. 10.7 Dermoscopic (a, 30×) and fluorescence- 
advanced videodermatoscopy (FAV, b) images of a basal 
cell carcinoma. Capillaries visible in dermoscopy 

(a, white rectangle) are better seen under FAV as elon-
gated dark structures formed by single red blood cells (b, 
red arrow)

a b

Fig. 10.8 Dermoscopic (a, 30×) and fluorescence- 
advanced videodermatoscopy (FAV, b) images of a squa-
mous cell carcinoma. White circles (red circles) visible in 

dermoscopy (a) are better seen under FAV (b) as keratotic 
concentric structures
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a b

c d

Fig. 10.9 Clinical (a), dermoscopic (b), fluorescence- 
advanced videodermatoscopy (FAV, c), and histological 
(d) images of a melanoma in situ. Malignant melanocytes 
can be observed as roundish dark cells heterogeneous in 

pigmentation, slighlty irregular in shape and size in both 
examinations. Histology is showed in grayscale to better 
observe the correlation with FAV

a b

Fig. 10.10 Fluorescence-advanced videodermatoscopy 
(FAV) of a superficial spreading melanoma (a–d). 
Malignant melanocytes can be observed as roundish dark 
cells that could be more (yellow arrow) or less (green cir-

cle) pigmented. Green circle indicates areas of regression 
up to a total disappearance of melanocytes (blue star). 
Neovascularization is marked by a red arrow
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a b

c

Fig. 10.11 Dermoscopy at 30× (a) and 150× (b, c) magnifications of the previous melanoma shows dark blotches (yel-
low arrow), less-pigmented areas (green circle), and areas of regression (blue star)

c d

Fig. 10.10 (continued)
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Fig. 10.12 Clinical (a), dermoscopy at 30× (b), and fluorescence-advanced videodermatoscopy (FAV, c) of alopecia 
areata of the beard. FAV shows hairpin capillaries (red arrow) inside the dermal papillae (blue circle)
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Total Body Photography 
and Sequential Digital 
Dermoscopy for Melanoma 
Diagnosis

Maria Antonietta Pizzichetta 
and Ignazio Stanganelli

11.1  Introduction

Dermoscopy is a noninvasive technique that 
increases the accuracy and improves the sensitiv-
ity and specificity of a melanoma diagnosis com-
pared to clinical diagnosis by the naked eye [1]. 
Several dermoscopic features have been identified, 
and algorithms have been developed to distinguish 
melanocytic from non-melanocytic proliferations 
on the basis of structural, chromatic, and vascular 
patterns. However, this method has low sensitivity 
for some early melanomas, called “featureless 
melanomas,” which lack the specific surface char-
acteristics on which a diagnosis can be made [2, 
3]. In addition, this method is not able to differen-
tiate between some melanomas and atypical nevi. 
Moreover, dermoscopic criteria have not been 
standardized, and some have poor to fair interob-
server agreement [4].

The diagnosis of melanoma requires an 
examination of the entire skin surface and clini-
cal information such as age, skin type, personal 
or family history of melanoma, number of 
lesions, time of onset, and changes of the lesions 
[3]. The changes in a lesion, documented over 
time by medical history or dermoscopy, provide 
important information for the identification of 
early and featureless melanomas [5, 6]. Two 
main techniques for melanoma monitoring are 
total body photography and sequential digital 
dermoscopy of individual lesions [6, 7]. This 
chapter discusses these two methods plus their 
combination and integration with reflectance 
confocal microscopy.

11.2  Total Body Photography

In total body photography (TBP), a patient’s 
whole skin surface is clinically photographed. At 
the first examination, 12–24 baseline photo-
graphs are taken to allow comparison at subse-
quent examinations over the years, to detect new 
lesions and changes in preexisting lesions 
(Fig. 11.1). Therefore, TBP allows the identifica-
tion of both de novo melanomas and melanomas 
arising in association with a nevus, presenting as 
a change in a preexisting lesion. TBP has been 
reported to help in the early diagnosis of 
 non- melanoma skin cancers and of new, subtly 
changing melanomas that did not have classic 
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“ABCD” features [8]. TBP also helped in the 
early detection of melanomas in a single-center 
cohort of high-risk patients with many nevi, 
including atypical ones, and a personal or family 
history of melanoma [9]. In these patients, the 
incidence of new and changed nevi reduced with 
increasing age, but the number of melanomas 
increased [9]. Furthermore, TBP has been reported 
to increase the sensitivity and specificity of mela-
noma detection, resulting in a 3.8-fold reduction 
in excisions of benign melanocytic lesions [10].

11.3  Sequential Digital 
Dermoscopy

With sequential digital dermoscopy (SDD), der-
moscopic images of an individual melanocytic 
lesion are taken periodically over a period of time 
and saved electronically, to facilitate the evalua-
tion of changes. SDD is useful for monitoring flat 

(i.e., not palpable), atypical melanocytic lesions 
that lack the clinical or dermoscopic features of 
melanoma at baseline but may undergo subtle 
changes in dimension, color, or structure over 
time. SDD is also useful for examining difficult- 
to- diagnose melanomas that look like atypical 
nevi at baseline, and it helps avoid unnecessary 
excisions [11, 12]. While benign nevi tend not to 
change over time, melanoma do change, and this 
permits their identification with SDD. This method 
should be avoided, however, in cases of atypical 
papular or nodular lesions, because with a delayed 
assessment it is impossible to exclude the diagno-
sis of a fast-growing nodular melanoma [13]. SDD 
is usually performed following one of two sched-
ules: short-term and long-term monitoring.

Short-term monitoring of skin lesions, with an 
interval of 3 months, is used when there are a few 
stable, atypical lesions or unstable, mildly atypi-
cal lesions without evidence of melanoma. Any 
changes during short-term monitoring lead to 

After 8 years

Fig. 11.1 Long-term monitoring with total body photog-
raphy. Left, baseline image shows multiple atypical nevi 
on the back of a young woman, and one melanoma (red 
circle) that was subsequently excised. Right, after 8 years, 

total body photography revealed new lesions, changes in 
preexisting lesions, and a de novo melanoma (red circle) 
arising on normal skin
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surgical excision and histological examination 
(Fig.  11.2). Short-term monitoring has been 
shown to be useful in diagnosing featureless mel-
anomas, and in one observational trial, it was 
able to detect 34% of 53 melanomas [14]. The 
sensitivity and specificity for a melanoma diag-
nosis using SDD in another study were 94% and 
84%, respectively [15]. When lentigo maligna is 
in the differential diagnosis, monitoring should 
be done again after an additional 3-month inter-
val (for a total of 6 months).

Short-term monitoring may also be used as the 
first stage of long-term monitoring. In persons 
with multiple atypical nevi at high risk of mela-
noma, long-term monitoring permits the surveil-
lance of more lesions after an interval of 
6–12 months [11]. The exact follow-up schedule 
for each patient depends on the number of nevi, 
the degree of clinical atypia, and the existence (or 
not) of a personal or family history of melanoma. 
A high specificity (95–96%) for the diagnosis of 
melanoma was found in one study that used long- 
term monitoring over 4 years [14, 16].

Changes during long-term monitoring that 
lead to excision include asymmetrical modifica-
tions in color or structure, focal changes in color 
or structure, and the appearance of melanoma- 
specific features such as blue-white veil, atypical 
or negative pigment network, atypical vascular 
patterns, irregular dots and globules, streaks, 
irregular blotches, peripheral pigmented struc-

tureless areas, and regression (Fig. 11.3) [17, 18]. 
In one multicenter study of 92 melanomas that 
were followed by SDD for at least 1 year, the pro-
portion of lesions that were negative for all diag-
nostic criteria for melanoma decreased from 62% 
at 1.5 months to 45% at 4.5 months and 35% at 
8 months [18]. However, subtle changes visible 
only on side-by-side comparisons of dermo-
scopic images were mainly structural (focal 
increase of pigment network irregularity and 
regression).

According to two studies of persons at high 
risk for melanoma, SDD with short- and long- 
term monitoring was able to detect 18 of the 53 
melanomas [14] or 39% [19] of all melanomas. 
In a retrospective analysis of routine dermato-
logic practice, the changes observed with SDD 
allowed the diagnosis of 12 of 99 melanomas 
[20]. In addition, SDD has been shown to reduce 
the ratio of benign moles excised for each mela-
noma diagnosed [19, 21], thereby reducing the 
number needed to treat.

According to a meta-analysis [11], in high- 
risk patients with multiple nevi, SDD examina-
tion of melanocytic lesions allowed the diagnosis 
of a higher number of in situ and microinvasive 
melanomas and required fewer unnecessary exci-
sions than that expected during clinical–dermo-
scopic follow-up alone. However, this 
meta-analysis found low agreement among dif-
ferent studies regarding inclusion criteria (clini-

a b

Fig. 11.2 Short-term dermoscopic monitoring of an 
atypical melanocytic lesion with multifocal hypo- and 
hyperpigmentation found on the leg of a female patient. 
(a) Baseline image. (b) At 3 months, dermoscopy revealed 

changes in color and structure, and the appearance of 
brown and black dots distributed irregularly. The histo-
logic diagnosis was melanoma in situ
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cal features, and clinical and dermoscopic 
criteria), dermoscopic evaluation methods, diag-
nostic parameters, and patient risk factors [11].

11.4  Choosing between TBP 
and SDD

TBP and SDD should be used in different situa-
tions. TBP is indicated for very high-risk people 
who have many nevi and multiple dysplastic 
nevi. Moreover, TBP is supportive for patients 
doing self-examinations, because it helps them 
distinguish between changing and stable lesions 
[22]. SDD is best for monitoring flat lesions lack-
ing clinical or dermoscopic features of mela-
noma. SDD has many advantages, but it also has 
an equal number of disadvantages (Box 11.1). In 
particular, numerous instruments are available 
for SDD, but no formal technological assessment 
has been made nor has a set of minimal require-
ments been established [23, 24].

Using TBP and SDD together provides opti-
mal surveillance in high-risk cases. One study 
reported that melanomas diagnosed by TBP and 
SDD were thinner than those found by clinical 
and dermoscopic evaluation alone [7]. Another 
study reported that these strategies together were 
less expensive and more effective than standard 
diagnoses [25]. Finally, the combined use of 

these techniques allowed the early detection of 
melanomas with few excisions of benign lesions 
in a high-risk cohort [25].

11.5  Confocal Microscopy

With reflectance confocal microscopy (RCM), 
dermatologists can perform a noninvasive, optical 
digital biopsy. RCM reveals the cytologic and 
architectural morphology of the superficial layers 
of skin tissue, at nearly the histopathological 
level. It increases the diagnostic confidence and 
reduces unnecessary excisions [26]. In the exami-
nation of flat lesions, melanoma can be suspected 
when RCM shows an irregular epidermis with 
widespread or localized bright, roundish, or den-
dritic cells, a disarranged dermal–epidermal junc-
tion with non-edge papillae and atypical bright 
cells; homogeneous dense or sparse nests associ-
ated with punctate or plump bright cells in the 
superficial dermis may also be detected. On the 
contrary, the detection of a ringed pattern and 
edged papillae are typical of junctional or com-
pound nevi. In addition, the presence of a mesh-
work pattern or clod pattern throughout the lesion, 
without atypical cytologic or structural features, 
is indicative of melanocytic nevi [27, 28].

The combination of digital dermoscopy with 
RCM is useful for equivocal lesions and lesions 

a b

Fig. 11.3 Long-term dermoscopic monitoring of an 
atypical melanocytic lesion with eccentric hyperpigmen-
tation. (a) At baseline, the lesion has eccentric hyperpig-
mentation, with some parts darker than others. (b) At 
24  months, dermoscopy showed that the lesion had 

enlarged, the eccentric hyperpigmentation had expanded, 
and there were irregular blotches and color and structural 
changes in the pigment network. The histological diagno-
sis was melanocytic nevus associated with melanoma in 
situ
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that change during SDD. RCM is especially use-
ful for examining slow-growing melanomas with 
subtle chromatic and structural changes, with no 
change or minimal (≤2 mm) change in size [18, 
29]. A recent report suggested that the number 
needed to treat (i.e., number of excised lesions 
needed to find one melanoma) can be reduced by 
50% by combining RCM with SDD [29].

11.6  Conclusions

The combination of clinical and instrumental 
diagnostic methods is crucial for a correct diag-
nosis of suspicious melanocytic lesions, espe-
cially in high-risk persons with multiple 
melanocytic nevi. SDD alone or combined with 
TBP is recommended for the monitoring and 
management of flat atypical melanocytic nevi 
that are difficult to differentiate from melanoma. 
Short- and long-term monitoring procedures are 
recommended on the basis of meta-analyses and 
longitudinal studies. RCM can add information 
about cytological and architectural features to 
help distinguish melanocytic nevi and melanoma. 
New technologies such as three-dimensional 
total body mapping and computerized mole 
tracking using artificial intelligence are the prom-
ises of the future.
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editing.

References

 1. Vestergaard ME, Macaskill P, Holt PE, et  al. 
Dermoscopy compared with naked eye examina-
tion for the diagnosis of primary melanoma: a meta- 
analysis of studies performed in a clinical setting. Br J 
Dermatol. 2008;159(3):669–76.

 2. Menzies SW, Ingvar C, Crotty KA, McCarthy 
WH.  Frequency and morphologic characteristics of 

Box 11.1 Advantages and limitations of skin 
surveillance using digital dermoscopy
Advantages
 1. Identification of dermoscopic parame-

ters in featureless melanomas and 
detection of melanomas at an early 
stage

 2. Identification of small-diameter 
melanomas

 3. Evaluation of atypical chromatic and 
structural changes

 4. High sensitivity in melanoma detection
 5. Low number of unneeded biopsies
 6. Good patient compliance with short- 

term monitoring
 7. Beneficial approach in high-risk patients
 8. Better patient performance in skin 

self-examinations

 9. Simple communication between 
patient and clinician

 10. Combination with total body 
photography

 11. Combination with confocal laser 
microscopy

Limitations
 1. Time consuming (30–60  min per 

examination).
 2. Low patient compliance with long- 

term monitoring.
 3. Variability in the scheduling of appoint-

ments for long-term monitoring.
 4. Inhomogeneous patient risks.
 5. Different qualitative and quantitative 

criteria for selecting lesions (subjec-
tive parameters).

 6. Numerous instruments are commer-
cially available, but standardized tech-
nical requirements are lacking.

 7. Dermoscopy results vary depending 
on the operator’s technique and the 
computer hardware and software used 
to visualize the images.

 8. Slow-growing melanomas can undergo 
subtle and inconspicuous changes over 
time, requiring multiple follow-up 
examinations.

 9. Risk not removing a suspicious lesion 
at the first examination.

 10. High level of clinical expertise 
required.

 11. High cost, low benefit for low-risk 
patients.

11 Total Body Photography and Sequential Digital Dermoscopy for Melanoma Diagnosis



126

invasive melanomas lacking specific surface micro-
scopic features. Arch Dermatol. 1996;132:1178–82.

 3. Pizzichetta MA, Stanganelli I, Bono R, et  al. 
Dermoscopic features of difficult melanoma. 
Dermatol Surg. 2007;33:91–9.

 4. Carrera C, Marchetti MA, Dusza SW, et al. Validity 
and reliability of dermoscopic criteria used to dif-
ferentiate nevi from melanoma: a web-based interna-
tional Dermoscopy Society Study. JAMA Dermatol. 
2016;152(7):798–806.

 5. Skvara H, Teban L, Fiebiger M, et al. Limitations of 
dermoscopy in the recognition of melanoma. Arch 
Dermatol. 2005;141:155–60.

 6. Malvehy J, Puig S.  Follow-up of melanocytic skin 
lesions with digital total-body photography and digi-
tal dermoscopy: a two-step method. Clin Dermatol. 
2002;20:297–304.

 7. Salerni G, Carrera C, Lovatto L, et al. Benefit of total 
body photography and digital dermatoscopy (“two- 
step method of digital follow-up”) in the early diagno-
sis of melanoma in patients at high risk for melanoma. 
J Am Acad Dermatol. 2012;67(1):e17–27.

 8. Feit NE, Dusza SW, Marghoob AA.  Melanomas 
detected with the aid of total cutaneous photography. 
Br J Dermatol. 2004;150:706–14.

 9. Banky JP, Kelly JW, English DR, et  al. Incidence 
of new and changed nevi and melanomas detected 
using baseline images and dermoscopy in patients 
at high risk for melanoma. Arch Dermatol. 
2005;141:998–1006.

 10. Truong A, Strazzulla L, March J, et al. Reduction 
in nevus biopsies in patients monitored by 
total body photography. J Am Acad Dermatol. 
2016;75:135–43.

 11. Salerni G, Terán T, Puig S, et  al. Meta-analysis 
of digital dermoscopy follow-up of melanocytic 
skin lesions: a study on behalf of the International 
Dermoscopy Society. J Eur Acad Dermatol Venereol. 
2013;27(7):805–14.

 12. Argenziano G, Mordente I, Ferrara G, et  al. 
Dermoscopic monitoring of melanocytic skin 
lesions: clinical outcome and patient compliance 
vary according to follow-up protocols. Br J Dermatol. 
2008;159:331–6.

 13. Bowling J, Argenziano G, Azenha A, et  al. 
Dermoscopy key points: recommendations from the 
International Dermoscopy Society. Dermatology. 
2007;214:3–5.

 14. Haenssle HA, Krueger U, Vente C, et  al. Results 
from an observational trial: digital epiluminescence 
microscopy follow-up of atypical nevi increases 
the sensitivity and the chance of success of conven-
tional dermoscopy in detecting melanoma. J Invest 
Dermatol. 2006;126(5):980–5.

 15. Altamura D, Avramidis M, Menzies SW. Assessment 
of the optimal interval for and sensitivity of short- 
term sequential digital dermoscopy monitoring 
for the diagnosis of melanoma. Arch Dermatol. 
2008;144(4):502–6.

 16. Robinson JK, Nickoloff BJ. Digital epiluminescence 
microscopy monitoring of high-risk patients. Arch 
Dermatol. 2004;140(1):49–56.

 17. Kittler H, Guitera P, Riedl E, et  al. Identification 
of clinically featureless incipient melanoma using 
sequential dermoscopy imaging. Arch Dermatol. 
2006;142:1113–9.

 18. Terushkin V, Dusza SW, Scope A, et  al. Changes 
observed in slow-growing melanomas during long- 
term dermoscopic monitoring. Br J Dermatol. 
2012;166(6):1213–20.

 19. Moloney FJ, Guitera P, Coates E, et al. Detection of 
primary melanoma in individuals at extreme high 
risk: a prospective 5-year follow-up study. JAMA 
Dermatol. 2014;150(8):819–27.

 20. Salerni G, Teran R, Alonso C, et al. The role of der-
moscopy and digital dermoscopy follow-up in the 
clinical diagnosis of melanoma: clinical and dermo-
scopic features of 99 consecutive primary melanomas. 
Dermatol Pract Concept. 2014;4(4):39–46.

 21. Tromme I, Sacrè L, Hammouch F, et al. Availability 
of digital dermoscopy in daily practice dramatically 
reduces the number of excised melanocytic lesions: 
results from an observational study. Br J Dermatol. 
2012;167:778–86.

 22. Secker LJ, Bergaman W, Kukutsch NA.  Total body 
photography as an aid to skin self- examination: 
a patient’s perspective. Acta Derm Venereol. 
2016;96(2):186–90.

 23. Pagliarello C, Stanganelli I, Fabrizi G, Feliciani C, Di 
Nuzzo S. Digital dermoscopy monitoring: is it time 
to define a quality standard? Acta Derm Venereol. 
2017;97(7):864–5.

 24. Finnane A, Curiel-Lewandrowski C, Wimberley G, 
et  al. International Society of Digital Imaging of 
the Skin (ISDIS) for the International Skin Imaging 
Collaboration (ISIC). Proposed technical guidelines 
for the acquisition of clinical images of skin-related 
conditions. JAMA Dermatol. 2017;153(5):453–7.

 25. Watts CG, Cust AE, Menzies SW, et  al. Cost- 
effectiveness of skin surveillance through a special-
ized clinic for patients at high risk of melanoma. J 
Clin Oncol. 2017;35(1):63–71.

 26. Pellacani G, Witkowski A, Cesinaro AM, et al. Cost- 
benefit of reflectance confocal microscopy in the 
diagnostic performance of melanoma. J Eur Acad 
Dermatol Venereol. 2016;30(3):413–9.

 27. Farnetani F, Scope A, Braun RP, et  al. Skin can-
cer diagnosis with reflectance confocal micros-
copy: reproducibility of feature recognition 
and accuracy of diagnosis. JAMA Dermatol. 
2015;151(10):1075–80.

 28. Pellacani G, De Pace B, Reggiani C, et  al. Distinct 
melanoma types based on reflectance confocal 
microscopy. Exp Dermatol. 2014;23(6):414–8.

 29. Stanganelli I, Longo C, Mazzoni L, et al. Integration 
of reflectance confocal microscopy in sequential der-
moscopy follow-up improves melanoma detection 
accuracy. Br J Dermatol. 2015;172:65–371.

M. A. Pizzichetta and I. Stanganelli



127© Springer Nature Switzerland AG 2020 
M. Fimiani et al. (eds.), Technology in Practical Dermatology, 
https://doi.org/10.1007/978-3-030-45351-0_12

History and Fundamentals 
of Reflectance Confocal 
Microscopy

Belén Encabo, Gonzalo Segurado, 
and Salvador González

12.1  Reflectance Confocal 
Microscopy: From the Past 
to the Present

A long time has passed since the first reflectance 
confocal microscopy (RCM) device was devel-
oped in 1955 by Marvin Minsky. The aim of this 
microscope was to study in vivo the brain tissue 
without the need of a surgical biopsy to avoid the 
inconveniences associated with this procedure 
[1]. A decade later, Petran, Hadravsky and col-
leagues developed another reflectance micros-
copy system, using a mercury lamp as light 
source, which was applied to animals [2]. In 
1995, RCM was used for the first time in human 
skin and the first microscopic skin features were 
described by Rajadhyaksha and colleagues, ini-
tially focusing on melanocytic lesions [3]. The 
light sources used in these first human-applied 

devices were lasers of different wavelengths 
(400–800 nm). In the late 1990s, the Vivascope 
1000® (Fig.  12.1a) was the first RCM system 
commercialized by Lucid Inc. (Rochester, NY, 
USA) [4]. It used a diode laser with a wavelength 
of 830 nm, the same as nowadays RCM devices, 
with an illumination up to 20  mW, physical 
parameters which do not cause tissue damage, 
and an imaging area of 1.5 × 1.5 mm with single 
images of 128 μm × 260 μm [5, 6]. In the year 
2000, the Vivascope 1500® was commercialized 
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(Fig. 12.1b). It used the same wavelength as pre-
vious Vivascope system (830 nm), 30× magnifi-
cation and a medium power of 
110–240 V. Significant advantages with respect 
to Vivascope 1000® were the reduction of the 
size, the increase in the dimensions of the imag-
ing area, with basic images of 500 μm × 500 μm 
and the ability to create mosaics up to 8 × 8 mm.

Both Vivascope 1000® and 1500®, also called 
Wide-Probe Confocal Device, are large devices, 
with one articulated arm, that hampers its use in 
certain difficult-to-access areas, such as ears, 
periorbital area and skin folds. For this reason, 
the Vivascope 3000® (Fig. 12.1c), also called the 
Hand-Held reflectance confocal microscope, was 
later developed. It has the main advantage of 
reaching difficult areas, but is not recommended 
for melanocytic lesions, such as atypical nevi or 
to discard melanoma. It captures single basic 
images of 1000  ×  1000  μm, as well as stacks, 
from the superficial to the deeper layers of the 
skin, but it is not able to make mosaics, so it does 
not provide information about the global archi-
tecture of the lesion.

The previously explained devices are designed 
for in  vivo assessment, but there has also been 
developed an ex  vivo microscope, called 
VivaScope 2500®, which is a reflectance and 
fluorescence device. It is being used mainly for 
imaging excised tissue as a useful tool in Mohs 
surgery.

The images provided by Vivascope 1500® 
and 3000® systems are in a grey scale, making 
interpretation difficult for non-experienced der-
matologists and dermatopathologists, more used 
to interpreting histological samples in different 
colours. Additionally, although reflectance con-
trast can enhance architectural skin features and 
intracellular components, such as the nucleus or 
the cytoplasm, it has the limitation that is not able 
to distinguish organelles and other microstruc-
tural cellular components [7, 8]. For this reason, 
Vivascope 2500® uses several fluorescent dyes 
for imaging excised tissue, and only a few dyes 
have been approved for human use (e.g., methy-
lene blue). Acridine orange is a dye which is 
characterized by bounding to nucleic acid. It is 
used in excised tissue to enhance the cellular 

nucleus that appears bright in the obtained 
images. These dyes may be nonspecific, or they 
can target a specific cell structure [9].

12.2  Physical and Optical 
Principles

RCM is able to visualize very thin sections of 
skin with a near to histology resolution without 
physical sectioning. This aspect has the great 
advantage that it can be used as many times as the 
physician needs without any injury to the patient. 
As well, it can provide a microscopic diagnosis at 
patient’s bedside, so it is a very efficient tech-
nique. Another advantage of real-time RCM 
when compared to histology is that the physician 
who performs the clinical and dermoscopical 
examination also does the microscopical one, so 
he has more information to make a correct cor-
relation and orientate the diagnosis.

RCM is based on the detection of reflectance 
differences in the cellular components of skin tis-
sue, which is illuminated in a focal point by the 
laser source.

The main parts of the confocal microscope are 
the light source, which is a laser with a wave-
length of 830 nm, the condenser and the objective 
lens (30× water immersion). (Fig.  12.2) [10]. 
This enables a lateral resolution of 0.1–1 μm and 
a section thickness of 1–5 μm (Table 12.1). The 
optical sectioning depends on the pinhole size. 
With larger pinholes, there will be a loss of opti-
cal sectioning with a subsequent reduction in 
contrast. But closing the pinhole will result in an 
artefact called speckle noise. This is an interfer-
ence pattern which has a salt-and-pepper-like 
appearance. So, difficulty lies in finding the 
appropriate pinhole size that has an adequate 
optical sectioning reducing as much as possible 
the speckle noise [7, 11].

The different refractivity index of the compo-
nents of skin allows to differentiate them when 
illuminated. Melanin is the substance with the 
highest refractivity index (n = 1.72), followed by 
keratin (n = 1.51) and collagen (n = 1.43) [3, 12]. 
On the one hand, the more refractive a structure 
is, the brighter and white-coloured it will be 
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 represented in the image. On the other hand, skin 
components with lower refractivity, such as water 
(n  = 1.33) or air, are displayed as dark grey or 
black. Another natural contrast source is the dif-
ferent organelle diameter [7]. The reflected light 
passes through a pinhole and is collected by a 
detector, producing a pixel. The point source of 
the light, the small scanned skin area and the pin-
hole in front of the detector are in optically con-
jugated focal planes. This is why this system is 
named confocal [13].

The resolution of the obtained images is based 
on one side on the scattering properties of the skin 
tissue, which is relatively high compared to other 
human tissues, and on the other side on the wave-
length of the light source [14]. It has been demon-

Detector

Pin hole

Lens

Lens

Filter

Laser

“scanner”

Fig. 12.2 Schematic 
illustration of a 
reflectance confocal 
microscope (reproduced 
with permission from 
Springer “Reflectance 
Confocal Microscopy 
for Skin Diseases” (eds. 
Rainer Hofmann- 
Wellenhof, Giovanni 
Pellacani, Joseph 
Malvehy, Hans Peter 
Soyer). Vivascope 1500)

Table 12.1 Confocal parameters

Wavelength (λ) 830 nm
Maximum imaging 
depth

150–250 μm at λ = 830 nm

Section thickness 1–5 μm
Noninvasive, optical

Lateral resolution 0.1–1 μm
Immersion media Water or oil
Magnification 40–100×
Field of view 0.5 mm
Contrast mechanism Endogenous reflective 

microstructures
Contrast agents/
stains

Melanin
Keratin
Collagen

Reproduced by permission of Taylor and Francis, a divi-
sion of Informa plc., ©2008 from Reflectance Confocal 
Microscopy of Cutaneous Tumors by S. González et al.
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strated that shorter wavelengths scatter more 
readily than longer ones. So, to reach deeper skin 
layers, we need longer wavelengths, decreasing 
resolution. On in  vivo RCM, the wavelength of 
830 nm allows to visualize with adequate resolu-
tion up to a depth of 200–250 μm, which corre-
sponds to the superficial reticular dermis.

12.3  Practical Aspects 
for Obtaining a High-Quality 
Image

As it has previously been explained, there are two 
different devices, Wide-Probe and Hand-Held con-
focal devices for in vivo RCM. This section will be 
divided into two different parts, to show how to 
obtain adequate images with both of them, but sev-
eral recommendations shared by Wide- Probe and 
Hand-Held Confocal devices will be given first.

• Preparing the patient

Several aspects need to be considered before 
taking images: Firstly, cleaning the skin surface 

of the lesion and the adjacent area with an anti-
septic solution like chlorhexidine, to remove 
materials such as make-up which can be a poten-
tial artefact-maker. Another important consider-
ation is that if the lesion is in a hairy area, such as 
the scalp or extremities, hair must be removed 
first, since as previously explained, the hair folli-
cles may artefact the examination.

12.3.1  Obtaining Images with Wide- 
Probe Confocal Device 
(Fig. 12.3)

• Mosaicking = obtaining vivablocks

Traditional RCM mosaic (or block) is com-
posed of basic images of 500  ×  500 μm in an 
horizontal field of view (x, y), and this allows to 
examine a lesion up to 8 × 8 mm, which corre-
sponds to 256 basic images [15]. When the 
patient is correctly prepared, the next step is to 
put a drop of oil and an adhesive cover slide in 
contact with the lesion area, followed by taking a 
dermoscopic picture. Above this slide, a water- 

Direction Mark

Attach polymer window to metal tissue ring Apply immersion medium (usually oil) Attach tissue ring to skin (direction mark aligned)

Attach microscope (arrow aligned)Add ultrasound gelAcquire dermoscopic image (arrow aligned)

1 3

654

Fig. 12.3 Imaging preparation: Images 1–6 illustrate the 
most important steps to image acquisition with the 
VivaScope® 1500 (reproduced with permission from 
Springer “Reflectance Confocal Microscopy for Skin 

Diseases” (eds. Rainer Hofmann-Wellenhof, Giovanni 
Pellacani, Joseph Malvehy, Hans Peter Soyer). Vivascope 
3000)
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based gel must be poured prior to adapting the 
microscope head (Fig.  12.3) [16]. This water- 
based gel (i.e., ultrasound gel) has a similar 
refractive index to the stratum corneum 
(n = 1.34), allowing visualization of underlying 
skin layers.

In order to perform a complete microscopic 
examination, at least four mosaics must be taken: 
one of the stratum corneum, one of the spinous 
layer, one of the dermo–epidermal junction and 
one of the dermis (Fig. 12.4).

12.3.2  Obtaining Images with Hand- 
Held Confocal Device

• Video-mosaicking

This device allows dynamic evaluation, so it 
does not require an adhesive slide, as the derma-
tologist handles the microscope head enabling 
whole lesion scanning. It is necessary to pour a 
drop of oil also in the microscopic head plastic 
cover. The main inconvenience of this device is that 

Fig. 12.4 4 layers
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it does not allow to obtain mosaics or blocks, so 
information about the global structure of the lesion 
is lacking. This is an important limitation when 
examining melanocytic and pigmented lesions.

This RCM system is based on the capture of 
basic images of 500 μm × 500 μm, but apart from 
taking static images it also provides in  vivo 
important information about dynamic events, 
such as vascularization of the tumour or inflam-
matory diseases.

• Z-stacking

This mode is common for both the systems. 
It comprises the examination from the surface to 
deeper layers (up to 250 μm) of a specific area. 
It is called Z-stack because it explores the lesion 
in the “z-axis” (Fig. 12.5). This mode comple-
ments the mosaics and the basic images to have 
an adequate complete evaluation.

Fig. 12.5 Vivastack
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12.4  Conclusions: Summary 
and Future in RCM Technique

RCM is a relatively novel diagnostic technique 
based on the visualization of skin at cellular reso-
lution through different refractive index of skin 
structures. It consists of a diode laser of 830 nm, 
harmless for the patient, so it can be used as many 
times as needed at patient’s bedside. This allows 
its use for patient follow-up of several treatments, 
as well as for the assessment of skin lesions 
through telemedicine [17, 18].

There are different RCM devices: Vivascope 
1500® and Vivascope 3000® for in vivo exami-
nation and Vivascope 2500® for ex vivo evalua-
tion. All of them share the same physical 
principles which have been described in this 
chapter, but they have different indications and 
applications, based on their design and particu-
larities, as it has been explained.

RCM in vivo had a notable evolution, from the 
first Vivascope 1000® which needed a whole 
room for it, to nowadays Vivascope 1500® or 
3000® that are much more portable and manage-
able. Nevertheless, new lines of investigation are 
focused on making this technique more accessible 
and affordable for general dermatologists, through 
the design of smaller and cheaper devices [19].

The limited penetration depth is being also 
under investigation. For this purpose, a combined 
device based on reflectance confocal microscopy 
and optical coherence tomography probe (OCT) 
has been developed [20]. This combined system 
has the advantage of presenting the near-to- 
histology resolution of the RCM and the visual-
ization of the lesion in depth through the OCT.

Therefore, it can be concluded that RCM has 
proved to be a very useful tool for the diagnosis 
of skin tumours but also for inflammatory lesions. 
It is considered a useful imaging technique to 
complement the clinical and dermoscopical 
examination, as it significantly increases the 
diagnostic accuracy and confidence of the derma-
tologist [21]. Although relevant changes have 
been incorporated to this technique in the last 
years, it is always under investigation to reduce 
its limitations and to make it more accessible to 
general dermatologists.
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In Vivo Reflectance Confocal 
Microscopy for Benign 
Melanocytic Skin Tumors

Marco Campoli, Jean Luc Perrot, and Elisa Cinotti

Histopathology is considered the “gold” standard 
for the diagnosis and classification of melano-
cytic nevi. However, the widespread use of 
in vivo diagnostic noninvasive technologies such 
as dermoscopy and reflectance confocal micros-
copy (RCM) has improved our knowledge about 
the melanocytic lesions. Dermoscopy has allowed 
for a greater clinical diagnostic accuracy of nevi 
and may also help for their classification. RCM is 
a novel emerging morphologic technique that 
allows for noninvasive imaging of the epidermis, 
the dermo–epidermal junction (DEJ), and the 
upper dermis at near-histologic resolution [1]. 
The clinical application of RCM seems to be very 
promising for the evaluation of melanocytic 
lesions, owing to the high contrast provided by 
hyper-reflective melanin and melanosomes [2]. 
For more than 15 years, RCM features that are 
useful for the distinction between melanocytic 
nevi and melanomas (MMs) have been identified 
and have been correlated with histopathologic 
features [3–5].

13.1  Correlations of Dermoscopic 
Features with In Vivo 
Confocal Microscopy 
and Histopathology

Dermoscopy is the most used noninvasive 
imaging technique for the clinical diagnosis of 
melanocytic skin lesions [6–8]. This technique 
is based on the magnification and identification 
of some specific structures within the examined 
lesion. Although some dermoscopic features 
correspond to histologic findings, a direct and 
exact correlation is difficult to determine. RCM 
produces images that are closer to histopathol-
ogy and is particularly useful for noninvasive 
differential diagnosis of nevi and MM [3, 9, 
10]. Correlations among some dermoscopic 
features found in nevi such as pigment network, 
globules, streaks, and blue structures and RCM 
and histologic aspects have recently been 
shown [4, 11–13].

13.1.1  Common Nevi

13.1.1.1  Pigment Network
Benign junctional melanocytic nevi (Fig. 13.1a) 
usually present a typical pigment network under 
dermoscopy (Fig.  13.1b) and reveal on RCM a 
ringed pattern (Fig. 13.1c) or a meshwork pattern 
at the DEJ. Ringed pattern corresponds to well- 
defined (edged) papillae rimmed by bright 
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 polygonal and roundish cells (keratinocytes and 
melanocytes, respectively) surrounding roundish 
to oval dark areas (dermal papillae) [14]. On the 

other hand, meshwork pattern is characterized by 
junctional thickenings (i.e., widening of the inter-
papillary rete ridges). Nevi with the ringed  pattern 

a

c

b

Fig. 13.1 Junctional nevus: clinical (a), dermoscopic 
(b), and reflectance confocal microscopy (RCM, c) 
images. Dermoscopy shows a reticular pattern. RCM 
shows the presence of a ringed pattern at the dermo–epi-

dermal junction (red arrow; dermal papillae are indicated 
by white asterisk). (Photographer: Marco Campoli, 
University Hospital of Siena)

M. Campoli et al.



137

on RCM mostly have a lentiginous pattern on his-
topathology, with predominance of single junc-
tional melanocytes and pigmented basal 
keratinocytes along elongated rete ridges, with 
only sporadic small junctional nests. Nevi with 
RCM meshwork pattern show on histopathology 
junctional melanocytic nests that are larger than 
those seen in junctional nevi with a ringed pattern. 
These junctional nests are located at the tips and 
sides of the rete ridges, and they predominate over 
single junctional melanocytes [14].

Benign melanocytic nevi less frequently pres-
ent an atypical pigment network at dermoscopy, 
corresponding to irregular in shape and size der-
mal papillae separated by thick irregular inter-
papillary spaces with nests of hyper-reflective 
melanocytes at RCM [14].

13.1.1.2  Pigment globules
Dermal (Fig. 13.2a) and compound (Fig. 13.3a) 
melanocytic nevi usually present regular homo-
geneous globules at dermoscopy. Less common 
in nevi are globules irregular in size, shape, pig-
mentation, and/or distribution [14]. When glob-
ules are large, the pattern is called cobblestone.

Globular dermoscopic pattern (Figs.  13.2b 
and 13.3b) can reveal at RCM a meshwork pat-
tern composed of numerous junctional clusters 
that appear to bulge into the dermal papillae 
and/or to dense nests (Figs.  13.2c and 13.3c) 
within the papillary dermis [14]. An exact cor-
respondence in shape is observed between glob-
ules on dermoscopy and the dense melanocytic 
clusters on RCM, appearing as compact aggre-
gates with a sharp margin of large roundish cells 
similar in morphologic features and reflectivity 
[14].

Nevi with a cobblestone dermoscopic pattern 
reveal on RCM large bright roundish cell clusters 
that fill the dermal papillae. This type of distribu-
tion is called “clod pattern” in RCM [14]. The 
polygonal shape of the dermal nests on RCM cor-
responds to the angulated, polygonal shape of the 
cobblestone globules on dermoscopy. These 
RCM findings correlate on histopathology with 
large nests of melanocytes in an enlarged papilla 

[14]. Cobblestone pattern is usually seen in der-
mal nevi that have no connection to the basal cell 
layer of the epidermis. In these nevi, some large, 
roundish nucleated cells loosely aggregated can 
be sometimes visible in the upper portion of the 
nests. In depth, clusters are more compact and 
homogeneous, and they lose evident cell con-
tours due to resolution loss of RCM.

13.1.1.3  Pigment Dots
In nevi, brown and black dots on dermoscopy 
correspond at RCM to reflecting spots (melanin 
clumps) within the epidermis and less frequently 
to single melanocytes aggregated in small clus-
ters, with reflective cytoplasm and dark nucleus 
in a pagetoid spread. On the other hand, bluish 
and gray dots correspond to small aggregates of 
plump bright cells within the dermal papillae on 
RCM and to melanophages located in the upper 
part of the dermal papilla on histologic exami-
nation [14].

13.1.1.4  Peripheral Structures
Benign melanocytic lesions and especially 
Reed nevus (Fig. 13.4a) may also present radial 
streaks (Fig.  13.4b), peripheral globules, and 
pseudopods on dermoscopy. At RCM, radial 
streaming consists of lines of interpapillary 
thickening of the DEJ projected toward the 
periphery, separated by narrow elongated 
darker areas corresponding to dermal papillae 
[14]. On histopathology, elongated and parallel 
oriented epidermal cristae are observable at the 
periphery of the lesion. Peripheral globules are 
similar to other globules, corresponding to 
melanocytic nests at the DEJ on RCM and his-
topathology [14]. On RCM, pseudopods appear 
as dense nests located immediately below the 
epidermal basal layer and characterized by 
sharp borders only in the outside front and con-
nected at the lesion core by a sheet of loosely 
aggregated cells, giving rise to a comet star–
like appearance [14]. On histopathology, pseu-
dopods correspond to a well-defined nest, 
located at the tip of enlarged and parallel ori-
ented rete ridges.
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a

c

b

Fig. 13.2 Dermal nevus: clinical (a), dermoscopic (b), 
and reflectance confocal microscopy (RCM, c) images. 
Dermoscopy shows a globular and homogeneous pattern. 

RCM reveals a clod pattern in the upper dermis. 
(Photographer: Cinotti Elisa, University Hospital of 
Siena)
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c

b

Fig. 13.3 Compound nevus: clinical (a), dermoscopic 
(b), and reflectance confocal microscopy (RCM, c) 
images. Dermoscopy shows a globular pattern in the cen-
ter and a reticular pattern at the periphery. RCM reveals a 
junctional component characterized by a ringed pattern 

(ring pattern red arrow and bulbous projections inside the 
papillae green arrow) with edged papillae fulfilled by der-
mal nests showing different degrees of reflectance (red 
circle). (Photographer: Cinotti Elisa, University Hospital 
of Siena)
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c
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Fig. 13.4 Reed nevus: clinical (a), dermoscopic (b), and 
reflectance confocal microscopy (RCM, c) images. 
Dermoscopy shows a homogeneous central pattern and 
radial streaks. RCM reveals at the level of the suprabasal 

epidermis numerous large atypical cells, predominantly 
spindled and roundish in shape (red arrow). (Photographer: 
Cinotti Elisa, University Hospital of Siena)
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13.1.1.5  Diffuse Pigmentation
Diffuse light brown pigmentation in benign nevi 
usually corresponds on RCM to a ringed pattern 
at the DEJ with small, weakly reflecting, dense, 
and regular nests. Histologic analysis reveals lit-
tle pigmentation in the epidermal layers [14]. 
Diffuse dark pigmentation and pigment blotches 
visible at dermoscopy show high reflective epi-
dermis (owing to the abundant content of mela-
nin within the keratinocytes) and/or a bright 
cobblestone pattern on RCM [14].

13.1.2  Special Nevi

13.1.2.1  Blue Nevus
The loss of image resolution at increasing depth 
commonly invalidates correct evaluation of deep 
nevi such as blue nevi under RCM.  Therefore, 
only a part of blue nevi can be imaged by RCM. In 
these cases, the most relevant findings are in the 
dermis, where RCM discloses hyper-refractive 
dendritic cells arranged in nests and surrounded 
by bright collagen fibers. Also, plump bright cells 
with ill-defined cell borders and intensely reflect-
ing grainy cytoplasm, scattered throughout the 
dermal stroma and between collagen bundles, 
could be observed, as well as the classic sheet 
aspect of dermal melanocyte distribution [15]. 
The regular honeycomb pattern of epidermal 
keratinocytes is usually preserved with regular 
edged papillae at the DEJ.  Epidermis might be 
slightly acanthotic.

13.1.2.2  Spitz Nevus
Spitz and Reed (pigmented Spitz) nevi 
(Fig. 13.4a) are characterized by epithelioid and/
or spindle cell melanocytes, sometimes leading 
to diagnostic confusion with MM. Lack of char-
acteristic features in some Spitz nevi, diagnostic 
difficulties in the non-pigmented variety or the 
presence of MMs mimicking these nevi, lead to 
surgical excision in many cases.

On RCM, junctional nests, sharp border cut- 
offs, and plump bright cells are characteristics of 
Spitz nevi. Few (or sometimes numerous) large 
atypical cells, predominantly spindled, and/or 
roundish/polygonal in shape can be observed in 

the epidermis (Fig.  13.4c) and the DEJ [16]. 
Junctional and dermal nests are usually seen as 
regular dense nests, sometimes in combination 
with inhomogeneous and sparse cell nests. Spitz 
nevi are frequently characterized by sharp bor-
ders, constituted by a rim of dense clusters at the 
periphery of the lesions or by a clearly outlined 
contour between the skin and the lesion. Large 
plump bright melanophages are present in the 
majority of Spitz nevi, although they are also fre-
quently observed in MMs and other nevi [16]. 
The main limitation of RCM for the differential 
diagnosis between Spitz nevus and MM is the 
impossibility to identify deep mitoses that are in 
favor of MM16.

13.1.2.3  Dysplastic Nevus
Dysplastic nevi were thought to be precursors of 
MM during a stepwise process. However, this 
concept is controversial, and precise correlation 
between clinical and histopathologic features is 
not clear. Histopathologically, dysplastic nevi are 
characterized by some features that overlap with 
both common nevi and MM and, consequently, at 
RCM, dysplastic nevi show intermediate features 
between non-dysplastic nevi and MM. Concerning 
the general architecture, moderately and severely 
dysplastic nevi usually show asymmetry. In the 
epidermis, dysplastic nevi may present large 
nucleated roundish cells in a pagetoid spread, 
with an ascending trend from mildly to severely 
dysplastic nevi. At the DEJ, a large proportion of 
dysplastic nevi show a so-called ringed mesh-
work pattern, where a central meshwork pattern 
is surrounded by a ringed pattern at the DEJ [17]. 
Papillae are clearly detectable in almost all cases, 
with some cases showing poorly outlined con-
tours (non-edged papillae). A nonspecific pattern 
of the DEJ, usually with a limited extent, could 
be observed. Most cases show junctional nests 
that are irregular in size and shape and have short 
interconnections, corresponding to the bridging 
in histopathology. Atypical junctional cells are 
frequently observed in dysplastic nevi, mostly 
roundish. The concentration of the atypical cells 
in the center of the lesion may help the differen-
tial diagnosis with MM that has atypical cells in 
the center and the periphery. Within the papillary 
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dermis, coarse collagen fibers and plump bright 
cells and/or bright particles  (corresponding to 
inflammatory cells) are often visible [17].

13.1.2.4  Acral Nevus
Palms and soles are rarely studied by RCM 
because of the increased thickness of the epider-
mis that hampers the visualization of deeper lay-
ers. However, skin thickness varies depending on 
age, sex, and different acral sites. In many cases, 
it is possible to reach the DEJ and identify regu-
lar melanocytic nests at the DEJ and in the super-
ficial dermis. In acral nevi, the epidermis is 
usually spared from pagetoid spread, but in some 
cases pagetoid cells (dendritic and/or roundish) 
can be found. These cells are usually far from 
acrosyringia different from acral MM.  Small 
dendritic hyper-reflective cells can also be fre-
quently observed in the epidermis of acral nevi 
and correspond to Langerhans cells [18].

13.1.2.5  Combined Nevus
Combined melanocytic nevi are defined as the 
histopathological presence of two different 
types of melanocytic proliferations within the 
same nevus. The most stereotypical appearance 
of a combined nevus is that of a central struc-
tureless blue papule (blue nevus) surrounded by 
a brownish area (common nevus). Because of 
the presence of two nevus cell populations, 
color variegations or more than one structure, 
depending on the nevus types, are often present. 
The most classic type (blue nevus associated 
with common compound or dermal nevus) is 
characterized by a delicate peripheral reticular 
pattern and/or globular pattern and a central 
structureless blue pigmentation. Combined nevi 
lacking a blue nevus component might reveal 
less specific features under dermoscopy. RCM 
can detect the combination of two nevus cell 
types [19]. Moreover, in case of a differential 
diagnosis with MM, RCM can reveal the pres-
ence or absence of specific MM features. One 
limit in the RCM evaluation can be the case of a 
deep dermal or blue nevus not detectable, 
because of the limits in depth penetration of 
RCM [19].

13.1.2.6  Recurrent Nevi
Recurrent nevi (RN) are benign melanocytic nevi 
that regrow after incomplete surgical excision or 
trauma. Clinically, they present as a scar with 
variegated hyperpigmentation. Differential diag-
nosis of RN includes recurrent MM and mela-
notic pigmentation (post-inflammatory reactive 
pigmentation) within a scar. Benign recurrences 
are confined to the scar, usually arising in the 
center of the scar. On the contrary, recurrent MM 
tends to diffuse outside the scar. RCM features of 
RN and their differential diagnosis with MM 
have been recently described. RN do not exhibit 
prominent pagetoid or lateral spread of melano-
cytes nor atypical nests at the DEJ.  Although 
some cases showed atypical cells in the junc-
tional component, these cells were few in number 
and cytologically monomorphous [19].

13.1.2.7   Sclerosing Nevi 
with Pseudomelanomatous 
Features

Sclerosing nevus with pseudomelanomatous 
features is a recently described entity which can 
clinically and histopathologically simulate 
regressing MM.  It is also called “nevus with 
regression-like fibrosis” (NRLF). NRLF can be 
differentiated from regressing MM on histopa-
thology by lacking specific MM features. NRLF 
are pigmented atypical lesion showing overall 
features of regression on dermoscopy, which is 
invariably extensive (between 10 and 50%) and 
polychromatic (coexisting white and blue 
areas), in the absence of MM-specific criteria. 
There are some criteria that raise the index of 
suspicion of NRLF: young/middle-aged 
patients, lesions located in the convex area of 
the back, symmetric- central distribution of 
regression and limited regression (<50% in the 
convex area of the back; <10% elsewhere). 
RCM shows the presence of ill-defined lesion, 
with junctional thickening and numerous mela-
nophages at the DEJ. In RCM, the presence of 
cellular atypia and focal pagetoid spread did not 
always allow an accurate differential diagnosis 
with regressive MM, reflecting the difficulties 
often encountered also in histopathology [19].
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13.1.2.8  Sutton Nevus
Halo nevus (HN), also termed Sutton’s nevus, is 
a benign melanocytic nevus surrounded by an 
achromic rim. It most commonly involves com-
pound nevi. Both congenital and acquired nevi 
can be concerned. Histopathologically, a heavy, 
lichenoid lymphocytic infiltrate within the der-
mis is noticed, with nevus cells arranged in nests 
or singly among the inflammatory cells. The 
whitish halo shows an absence of melanin and 
melanocytes in the basal layer. On dermoscopy, 
the central nevus component typically shows a 
globular and/or homogeneous pattern, which is 
surrounded by a variable rim of a white 
regression- like depigmentation. The central 
nevus component may also display a reticular 
pattern. RCM features of halo nevi have been 
recently described only in few small case series. 
Features that can be found in this nevus include 
pagetoid cells, non-edged dermal papilla and 
junctional thickening and nucleated cells and 
plump bright cells in the dermal papillae. 
Therefore, RCM examination in HN can show 
atypical features that overlap with those observed 
in MM [19, 20].

13.1.2.9  Meyerson’s Nevus 
(Eczematous Nevus)

Meyerson’s phenomenon is characterized by the 
development of an eczematous halo around one 
or more pigmented nevi. RCM imaging of 
Meyerson’s nevi allows the visualization of spon-
giotic vesicles, as round to ovoidal dark spaces 
with bright particles inside (corresponding to 
inflammatory cells), visible in the superficial lay-
ers of the epidermis around a typical melanocytic 
nevus [21, 22].

13.1.2.10  Nevus of Ota
The Nevus of Ota (NO) is a bluish or grayish 
hyperpigmentation caused by an accumulation 
of dermal melanocytes that typically extend to 
the innervated parts of the ophthalmic and max-
illary divisions of the trigeminal nerve, involving 
the facial skin, the uvea, the iris, and the sclera. 
In RCM examination, melanocytes of NO are 
highly reflective large and monomorphous den-

dritic cells diffused among the collagen fibers 
[23]. These cells are seen elongated either with 
only two visible dendrites (spindle shape) or 
with multiple visible dendrites. In some areas, 
they form small clusters within the diffuse pro-
liferation. In contrast to melanocytes typically 
seen in cutaneous melanocytic nevi, the melano-
cytes of NO often show well visible hypo-reflec-
tive nuclei [23].
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In Vivo Reflectance Confocal 
Microscopy for Melanoma

Marco Campoli, Jean Luc Perrot, and Elisa Cinotti

In the recent years, we are observing an 
increase in the incidence of melanoma world-
wide. Although increased awareness of mela-
noma has led to more efficient screening and 
improved understanding of melanoma tumori-
genesis has guided the development of new 
therapeutic options, melanoma still carries 
significant morbidity and mortality. As many 
other cancers, early diagnosis and prompt sur-
gical excision are essential. Early detection 
necessarily implied the development of new 
noninvasive diagnostic techniques. Reflectance 
confocal microscopy (RCM) allows dynamic 
imaging of the skin at cellular resolution in 
real time, performing optical biopsies [1–3]. 
Microscopic tissue elements reflect light with 
different refractive indices. RCM is particu-
larly useful for imaging melanocytic lesions, 
such as nevi or melanoma [4, 5], because mel-
anin has the highest refractive index of all tis-
sue elements (n = 1.7) and acts as a naturally 
occurring “endogenous” contrast [4]. Several 
studies have demonstrated that RCM evalua-
tion has the potential to increase sensitivity 

(improves melanoma detection) [6, 7] and 
specificity (reduces excisions of benign 
lesions) for melanoma [8–11].

14.1  RCM Features According 
to Melanoma Subtype

The term cutaneous melanoma includes a hetero-
geneous subset of malignant melanocytic prolif-
erations that differ significantly in their 
epidemiology, morphology, growth dynamics, 
and clinical behavior. Four major histological 
subtypes of melanoma have been described: 
superficial spreading melanoma (SSM), nodular 
melanoma (NM), lentigo maligna melanoma 
(LMM), and acral lentiginous melanoma (ALM). 
Less common melanoma subtypes include nevoid 
melanoma, desmoplastic melanoma, clear cell 
sarcoma, and solitary dermal melanoma.

14.1.1  Superficial Spreading 
Melanoma

SSM is the most common melanoma subtype 
(50–80% of all melanoma diagnoses) (Figs. 14.1, 
14.2). The name is derived from a prolonged 
radial (lateral) growth phase before invasive (ver-
tical) growth starts. Although it can develop in 
any anatomic location, it most likely occurs on 
sun-exposed areas such as the back in men and 
the lower limbs in women. Few melanomas can 
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Fig. 14.1 Superficial spreading melanoma: clinical (a), 
dermoscopic (b), and reflectance confocal microscopy 
(RCM, c–f) images. RCM shows pagetoid cells (c, d, e, 
red arrows) in the stratum corneum (a), granulosum (b), 

and spinosum (c) of the epidermis and atypical cells (f, 
blue arrows) with non-edged papillae (f, yellow asterisks) 
at the dermo–epidermal junction that appears disarranged 
(f). (Photographer: Marco Campoli, University of Siena)
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arise from a precursor nevus and mostly occur de 
novo. SSM is characterized histologically by 
pagetoid spread and nests of the epithelioid mela-
nocytes at the dermo–epidermal junction (DEJ). 
Poor circumscription with variable epidermal 
thickening is also common. Cytologically, mela-
nocytes may have one or more large nuclei with 
an abundant cytoplasm that is often amphophilic, 
eosinophilic, or finely pigmented with melanin 
granules.

RCM criteria vary according to the examined 
skin layer (Table  14.1) [12]. Pagetoid spread is 

well visible in the epidermis (Fig.  14.1c–e). 
Notably, pagetoid cells appear as large hyper- 
reflective nucleated cells in SSM. These melano-
cytes are mostly rounded with variably short and 
thick dendrites. Additionally, dendritic melano-
cytes could be detected, although this melanoma 
subtype is mainly characterized by the presence 
of roundish atypical melanocytes [13]. By defini-
tion, pagetoid cells under RCM have a large size 
(they are larger than the surrounding keratino-
cytes) and are scattered within the suprabasal epi-
dermal layers without any cell connection with 

a

c

d

b

Fig. 14.2 Superficial spreading melanoma: clinical (a), 
dermoscopic (b), and reflectance confocal microscopy 
(RCM, c and d) images. RCM shows a disarranged der-

mal epidermal junction (c) due to the proliferation of 
bright atypical cells (d, detail of figure c). (Photographer: 
Marco Campoli, University of Siena)
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the neighboring keratinocytes, giving the impres-
sion of floating cells. In situ melanomas present 
few or localized pagetoid cells compared with 
invasive tumors in which a florid pagetoid infiltra-
tion could be detected in the entire melanoma and 
at all epidermal layers, even in the stratum cor-
neum [13]. The presence of atypical melanocytes 
can subvert the typical epidermal architecture, 
leading to the loss of the normal honeycomb or 
cobblestone pattern. Under RCM, three main 
tumor architectures can be detected at the DEJ: 
irregular ringed, irregular meshwork, and irregu-
lar clod, as well as variable combinations of all of 
them [13]. Furthermore, many tumors might not 
display any of those but rather a nonspecific pat-
tern: dermal papillae are not clearly visible or not 
well demarcated by a normal rim of bright cell but 
rather by large reflective cells corresponding to 
malignant melanocytes (loss of the normal- edged 
dermal papillae, Figs. 14.1f and 14.2c, d). In more 
advanced cases, the DEJ is totally disarranged by 
the melanocytic proliferation. Distinct nest types 
can be observed according to the growth phase of 
the tumor: dense nests are found in early phase, 
whereas dense and sparse and sheet-like struc-
tures are typical of the dermal invasion [13].

14.1.2  Nodular Melanoma

NM has a fast growth rate and is associated with 
a higher rate of death [14]. Amelanotic or 
hypomelanotic presentation of NM is particu-
larly challenging [15] and can be mistaken for 
benign tumors. At RCM (Table  14.2), NM 
reveals a thinned epidermis (epidermal con-
sumption) with the typical epidermal architec-
ture still recognizable and few pagetoid cells 
[16]. The DEJ is completely disrupted, and the 
dermal compartment is filled with a solid prolif-
eration of melanocytes with variable shape and 
size arranged as single cells or clustered. The so-
called sheet-like structures that represent a pro-
liferation of dyscohesive atypical melanocytes 
with prominent nuclei are frequent in 
NM. Remarkably, melanocytic nests with cere-
briform appearance (cerebriform nests) are spe-
cific of NM and melanoma skin metastasis. 
Those nests show up as dark hyporeflective clus-
ters of melanocytes that are outlined by brighter 
collagen fibers. Enlarged and tortuous vessels 
can also be frequently found. Tumor  clusters are 
commonly found in proximity to these newly 
formed vessels [12].

Table 14.1 Reflectance confocal microscopy features of superficial spreading melanoma

Layer Features Description
Suprabasal 
epidermis

Pagetoid cells (roundish, dendritic or 
spindled)

Hyper-reflective (bright), large, nucleated cells (larger than 
the surrounding keratinocytes), typically round but may be 
pleomorphic

Atypical honeycomb or atypical 
cobblestone pattern

Partial (poorly visible) or complete (nonvisible) loss of the 
normal honeycomb or cobblestone pattern caused by pagetoid 
spread of malignant melanocytes

DEJ Disarranged DEJ Irregular clod, irregular meshwork, and/or irregular ringed 
pattern up to complete destruction of the DEJ architecture

Proliferation of atypical cells in 
single units or nests

Large cells with large nuclei and irregular size and shape

Non-edged dermal papillae Dermal papillae are not visible or not demarcated by a normal 
rim of small hyper-reflective and monomorphous 
keratinocytes but rather by large hyper-reflective atypical 
melanocytes

Upper 
dermis

Atypical nests Nests composed of large and nucleated round or pleomorphic 
cells

Hyper-reflective cells distributed in 
sheet-like structures with consequent 
loss of normal DEJ architecture

Hyper-reflective cells distributed in the same plane and loss of 
dermal papillae
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14.1.3  Lentigo Maligna and Lentigo 
Maligna Melanoma

Lentigo maligna (LM) presents as a slowly pro-
gressive pigmented macule on sun-exposed 
areas, most commonly on the face (Figs.  14.3a 
and 14.4a) and neck, and LMM is its invasive 
counterpart. Its clinical diagnosis is often chal-
lenging because it shows overlapping features 
with benign lesions. As it is often large and 
located on esthetic and functional areas, noninva-
sive imaging techniques such as dermoscopy and 
RCM are of great interest for its diagnosis. 
Dermoscopy has improved the diagnosis of LM/
LMM, but they remain a challenge owing to 
overlapping features with solar lentigo, pig-
mented actinic keratosis, and lichenoid keratosis 
(Figs. 14.3b and 14.4b) [17, 18]. Histopathology 
could also be of difficult interpretation due to 
atypical melanocytic proliferation on sun- 
damaged skin [19]. RCM has proved to be help-
ful to enhance diagnosis of LM/LMM. Features 
of LM/LMM using RCM are well described [20–
25] (Table  14.3). The earliest histopathological 
finding in LM is the proliferation of atypical 
melanocytes at the DEJ [26] that correlate with 
large hyper-reflective polymorphic cells under 

RCM (Figs. 14.3c and 14.4c, d). Numerous large 
pagetoid cells and consequent epidermal disarray 
are subsequently found. In LM/LMM, atypical 
melanocytes are more often dendritic than round-
ish and are typically located around and inside 
hair follicles (Figs. 14.3c and 14.4c, d). In some 
cases, only numerous hyper-reflective dendrites 
are visible, and not cell bodies and these hyper- 
reflective long dendrites form “medusa head-like 
structures” (Fig.  14.3c) around hair follicles. 
Advanced cases show large nucleated cells orga-
nized in nests in the upper dermis [12].

14.1.4  Acral Lentiginous Melanoma

The clinical and histological diagnosis of ALM 
may be very difficult, especially in the early 
phase of growth. Palms and soles are rarely stud-
ied by RCM because of the increased thickness 
of the epidermis that hampers the visualization of 
deeper layers. However, RCM can also be useful 
in acral site because early ALM is characterized 
by a lentiginous spread [27], and the epidermal 
thickness of acral areas is variable.

Pagetoid cells are the predominant clue for 
suspecting ALM by RCM [28]. The pagetoid 
spread of melanocytes also determines a disar-
rangement of the normal honeycomb pattern of 
the epidermis. Noteworthy in case of a thick stra-
tum corneum, a skin scraping could allow to 
identify pagetoid cells in the epidermis that are at 
first not visible. It should be noticed that a prolif-
eration of solitary arranged melanocytes can also 
be detected within the epidermis of melanocytic 
acral nevus with intra-epidermal ascent 
(MANIACs) [29]. However, pagetoid cells in 
these cases are monomorphous [28].

A characteristic feature of ALMs is the infil-
tration of sweat duct structures by atypical bright 
cells that correspond to a melanocytic extension 
along adnexal structures in histology. Nevi show 
more rarely a melanocytic proliferation around 
sweet duct structures and in these cases, 
 melanocytes are mainly organized in nests [28, 
30]. Another peculiar feature of ALM is the 
higher presence of granular dust-like hyper-
reflective particles in the epidermis compared to 

Table 14.2 Reflectance confocal microscopy features of 
nodular melanoma

Layer Features Description
Suprabasal 
epidermis

Few or no 
pagetoid cells

Pure NM have fewer 
pagetoid cells than 
SSM

Thin epidermis 
with normal 
epidermal 
architecture

Preserved honeycomb 
or cobblestone pattern 
(differing from SSM 
that exhibit distortion 
of the normal 
epidermal pattern)

DEJ No visible 
dermal papillae

Substituted by a 
proliferation of 
atypical melanocytes 
often arranged in 
sheets

Upper 
dermis

Cerebriform 
nests

Aggregation of small 
compact cells with 
cerebriform 
appearance

Enlarged 
vessels
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Fig. 14.3 Lentigo maligna: clinical (a), dermoscopic (b), 
and reflectance confocal microscopy (RCM, c) images. 
RCM shows a proliferation of atypical dendritic melano-
cytes in the epidermis (red arrow) that mainly infiltrate 

hair follicles (yellow asterisk) with the so-called medusa 
head-like structures. (Photographer: Elisa Cinotti, 
University of Siena)
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Fig. 14.4 Lentigo maligna: clinical (a), dermoscopic (b), 
and reflectance confocal microscopy (RCM, c) images. 
RCM shows a proliferation of atypical melanocytes in the 

epidermis (red arrow) that have a tropism for hair follicles 
(yellow asterisk). (Photographer: Elisa Cinotti, University 
of Siena)

Table 14.3 Reflectance confocal microscopy features of lentigo maligna/lentigo maligna melanoma

Layer Features Description
Suprabasal 
epidermis

Large dendritic and/or roundish 
hyper-reflective pagetoid cells
Epidermal disarray No recognizable honeycomb or cobblestone pattern

DEJ Non-edged papillae Loss of normal rim of bright keratinocytes around the 
dermal papillae due to atypical cell proliferation

Follicular localization of atypical cells Large dendritic and/or roundish cells around and inside 
hair follicles

Medusa head-like structures Elongated bundles, composed of dendritic atypical cells, 
extending from the hair follicles

Upper 
dermis

Isolated large nucleated cells in the 
dermal papillae
Dermal nests Aggregation of atypical melanocytes

14 In Vivo Reflectance Confocal Microscopy for Melanoma
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nevi, possibly corresponding to free pigment. 
Free pigment is randomly distributed in ALMs 
and tends to be arranged in columns in the fur-
rows in nevi [30].

In all ALMs with a visible dermis, sheets and/
or nests of large atypical cells are usually seen, 
whereas these features are never found in nevi 
[28]. However, ALM diagnosis cannot be 
excluded in the absence of RCM signs because 
early ALM can present only subtle atypia such as 
slight proliferation of atypical melanocytes at the 
DEJ that may not be identified under RCM [28].

14.1.5  Desmoplastic Melanoma

Desmoplastic melanoma is a rare melanoma sub-
type that most commonly occurs on chronically 
sun-exposed areas of elderly patients. 
Misdiagnosis is common as it is often amelanotic 
and may mimic a scar or benign cutaneous tumor, 
such as dermatofibroma [31]. This melanoma is 
characterized by bundles of spindle-shaped mela-
nocytes admixed with dense collagen and patchy 
lymphoid infiltrate in the dermis. These cells 
have a fibroblast-like appearance but hyperchro-
matic and bizarre nuclei are visible. The junc-
tional component is minimal.

RCM features that may suggest the diagnosis 
of desmoplastic melanoma in the upper dermis 
are spindle melanocytes (elongated hyper- 
reflective large and often nucleated cells) and 
inflammation (presence of small hyper-reflective 
roundish cells).

14.1.6  Amelanotic Melanoma

The diagnosis of amelanotic melanoma is clini-
cally challenging (Fig.  14.5a). Confusions with 
benign skin lesions or nonmelanoma skin cancer 
are potential pitfalls. Dermoscopic evaluation is 
useful to detect subtle signs of amelanotic mela-
noma, such as the presence of dotted vessels, lin-
ear irregular vessels, and milky red areas 
(Fig.  14.5b) [32, 33]. Amelanotic lesions are a 
major indication for RCM, as even small amounts 
of melanin can be seen with RCM [20]. RCM 

findings in amelanotic melanoma are similar to 
pigmented melanoma and include the prolifera-
tion of polymorphic large cells in the epidermis, 
DEJ (Fig.  14.5c,  d) and dermis, loss of normal 
honeycomb pattern in the suprabasal epidermis, 
and DEJ disarray with irregular dermal papillae 
[34]. Pagetoid cells may appear dendritic or 
roundish. Unlike the hyper-reflective atypical 
cells of pigmented melanomas, melanocytes of 
amelanotic or hypomelanotic melanomas are 
hypo-reflective because of the lack of melanin 
and may appear as dark holes in the epidermis 
[35].

14.1.7  RCM Diagnostic Algorithms 
for Melanoma Diagnosis

Five main scoring systems and algorithms have 
been developed for the diagnosis of melanoma 
using RCM [1, 20, 36–41].

• The Modena algorithm: Pellacani et  al. 
identified six RCM criteria that indepen-
dently correlate with the diagnosis of mela-
noma and may be used to differentiate 
melanomas from nevi [42, 43]. The scoring 
algorithm is composed of two major criteria 
(two points each) and four minor criteria 
(one point each). A score greater than or 
equal to 3 is strongly associated with the 
diagnosis of melanoma (97.3% sensitivity 
and 72.3% specificity).

The major criteria (+2 points per feature) are:
 – Non-edged dermal papillae
 – Atypical cells at the DEJ

The minor criteria (+1 point per feature) are:
 – Roundish pagetoid cells
 – Pagetoid cells widespread throughout 

the lesion
 – Cerebriform clusters in the papillary 

dermis
 – Isolated nucleated cells within dermal 

papilla
• The Barcelona algorithm: Segura et  al. [37] 

developed a two-step method for  differentiating 
melanocytic from nonmelanocytic lesions and 
melanoma from nevi using RCM.
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The two steps are:
 – Step 1: to determine if the lesion is 

melanocytic or nonmelanocytic. A 
melanocytic lesion is suspected based 
on the presence of at least one of four 
RCM features. Features of a melano-
cytic lesion include cobblestone pat-
tern, pagetoid spread, meshwork 
appearance at DEJ and presence of 
dermal clusters of cells or dermal 
nests.

 – Step 2: to determine if the lesion is a 
nevus or a melanoma using a scoring sys-
tem. Benign features (absence of basal 
cell atypia and edged papillae) are given 
a score of −1, while malignant features 

(roundish pagetoid cells and atypical der-
mal nucleated cells) a score of +1. 
Lesions with a score greater than or equal 
to −1 have a sensitivity and specificity, 
respectively, of 86.1 and 95.3%, for mel-
anoma. However, with this threshold 
there were five false- negative results in 
their study, including four in situ and one 
SSM, indicating the possible limitation 
of the algorithm in thin melanoma. A 
score greater than or equal to −2 had an 
increased sensitivity of 100% but speci-
ficity reduced to 57%. The authors calcu-
lated that, despite a lower specificity, half 
of biopsies could be avoided, without 
missing a melanoma.

a b

c d

Fig. 14.5 Amelanotic nodular melanoma: clinical (a), 
dermoscopic (b), and reflectance confocal microscopy 
(RCM, c, d) images. RCM shows in the dermis nests of 
hypo-reflecting (red arrows) and hyper-reflective (red 

circle) atypical cells surrounded by collagen fibers (blue 
arrows) and isolated small hyper-reflective cells corre-
sponding to inflammatory cells (green arrow). 
(Photographer: Elisa Cinotti, University of Siena)
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• Guitera et al. [36] described a two-step method 
to diagnose melanoma and basal cell carci-
noma (BCC). Independently significant RCM 
features were identified to establish the fol-
lowing criteria in a two-step algorithm. The 
first step is to determine if the lesion is a BCC 
by the analysis of positive and negative 
features.

• The second step is to determine if the lesion is 
a melanoma using the Modena algorithm.

• Borsari et  al. [41] recently proposed a diag-
nostic score for melanoma in situ (MIS) com-
bining dermoscopic and RCM features. 
Dermoscopic finding of atypical pigment net-
work and regression gives 1 point each. On 
RCM, the observation of pagetoid cells gives 
1 point and cytologic atypia 1 point if it is 
focal and 1 points if it is widespread. The 
presence of dense nests and melanophages 
was found to be protective of MIS and given 
−1 point each.

• Guitera et al. [20] developed the LM score to 
assist in differentiating LM from equivocal 
pigmented macules of the face. Six features 
that independently correlate with the diagno-
sis of LM were identified. The score consists 
of two major and four minor criteria. With a 
score more than or equal to 2 points, a sensi-
tivity and specificity of 85 and 76%, respec-
tively (odds ratio: 18.6; 95% CI: 9.3–37.1), 
were achieved for LM diagnosis. The major 
criteria are: non-edged dermal papillae (+2) 
and large round pagetoid cells (+2). The minor 
criteria are: nucleated cells in the dermal 
papillae (+1), atypical cells at the DEJ (+1), 
adnexal spread of atypical cells (+1), and 
broadened honeycomb pattern (−1).

14.1.8  Clinical Application of RCM 
for LM/LMM

Among all melanoma subtypes, RCM is most 
applicable to the management of LM and LMM 
due to the radial growth of this neoplasia and the 
limited depth penetration of RCM.  Moreover, 
noninvasive diagnosis and identification of surgi-
cal margins are particularly important for LM/

LMM because this melanoma is mainly located 
on esthetic and functional areas such as the face, 
and it may have subclinical extension.

14.1.9  Guide for Biopsies

LM/LMM often has a large surface, and a single 
biopsy could miss the area with the typical histo-
logical features. RCM may be used to assist in 
targeting the area for incisional biopsy to the 
most suspicious area for a correct diagnosis and 
for assessing the level of invasion [44].

14.1.10  Preoperative Mapping

LM/LMM has the highest risk of residual dis-
ease and highest recurrence rate of all mela-
noma subtypes after surgical excision [45]. 
RCM may allow the identification of subclinical 
cancer invasion [25, 46]. Presurgical mapping 
of the suspicious area helps surgeons planning 
the surgery and the eventual reconstruction. It 
has been used successfully intraoperatively to 
achieve negative surgical margins in a case of 
standard excision [47] and also in combination 
with the staged excision spaghetti technique 
[48, 49]. Margin delineation of LM and LMM 
with the handheld RCM (HRCM) could be lim-
ited by the lack of precise orientation during 
imaging and the small field of view in the 
absence of mosaics. Video mosaicking of 
HRCM images is a novel technique developed 
to overcome this limitation [50].

14.1.11  Monitoring of Nonsurgical 
Therapies

RCM can be used to assess response to treatment 
of LM/LMM and allow detection of treatment 
failure with better diagnostic accuracy than der-
moscopy, especially after nonsurgical treatments 
(e.g., radiation therapy or topical imiquimod) 
[51, 52]. An advantage of RCM is that it enables 
the clinician to follow difficult cases with serial 
noninvasive “virtual biopsies” of the skin.
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Benign nonmelanocytic lesions including lichen 
planus-like keratosis (LPLK), solar lentigo (SL), 
and seborrheic keratosis (SK), and dermatofi-
broma (DF) usually present as large pigmented 
macules mostly occurring on the face and sun- 
exposed areas. Despite their variable clinical pre-
sentation and dermoscopic aspects, the diagnosis 
can be challenging because they share many clin-
ical and dermoscopic features with other skin 
tumors [1]. RCM can assist in differential diag-
nosis of these lesions especially in the presence 
of ambiguous dermoscopy criteria [2, 3]. RCM 
criteria for classic SL, SK, LPLK, and DF were 
defined with a perfect histopathological agree-
ment [4].

Avoidable biopsies and excisions of benign 
lesions such as SL, LPLK, LM, and LMM may 
be misdiagnosed as benign SL, and biopsy may 
not be performed, missing the possibility for 
early diagnosis [5].

In the current chapter, we will describe only 
the benign epithelial tumors, because the RCM 
parameters for such lesions are already estab-
lished with a perfect histological agreement.

Instead for adnexal tumors the main parame-
ters have been identified, but the agreement is not 
yet established also for the reasons that such 

lesions are located deep in dermis where the 
power of resolution of RCM decreased [6, 7].

15.1  Solar Lentigo

SL shows on dermoscopy sharply demarcated 
lesion borders (moth-eaten borders), a regular 
pigment network, finger printing, or a so-called 
pseudonetwork [8].

The main RCM features of SL observable in 
the superficial layer are a regular honeycomb pat-
tern without the presence of cytologic atypia.

Dermo–epidermal junction reveals densely 
packed edged papillae, polycyclic papillary con-
tour, bright branching tubular structures and bul-
bous projections (cord-like rete ridges). In 
addition, multiple plump-bright cells, suggestive 
of aggregates of melanophages, are often found 
due to partial regression. Confocal criteria sug-
gestive of a melanoma are never seen [9, 10].

The most difficoult pattern in solar lentigo by 
RCM is observed at dermo–epidermal junction 
with the presence of increase in density of der-
mal-papillae surrounded by a bright monomor-
phic layer of cells, as these papillae can assume 
irregular geometric shape with a rim of bright 
monomorphic and cytologically benign- 
appearing cells (Fig. 15.1) [11].F. Farnetani (*) · S. Ciardo · G. Pellacani 
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Lentigines exhibit an absence of atypical 
melanocytes, whereas the melanoma shows atyp-
ical, bright polymorphous atypical cells [11].

15.2  Seborrheic Keratosis

Seborrheic keratosis can present with different 
dermoscopic pattern, the most common dermo-
scopic features of SK are: sharp demarcation, 
ridge and cryptae, cerebriform pattern, milia-
like cysts, comedo-like opening, yellowish kera-
tin and hairpin vessels, the presence of blue 
black pigmentation, atypical vessels is not infre-
quent and therefore does not rule out melanoma 
[12, 13].

Different characteristics in confocal laser 
microscopy have been described, and the main 
important criteria included regular honeycombed 
pattern or cobblestone in epidermal layers, epi-
dermal projection filed with keratin in epidermis, 

cord-like rete ridges with edged papillae at 
dermo–epidermal junction and the presence of 
abundant plump bright cells in the dermis, most 
of these features are detected with high sensitiv-
ity (Fig. 15.2) [14].

In a study by Siess et  al., the most frequent 
RCM parameters for the diagnosis of SK were 
highlighted: epidermal projections (96%), kera-
tin filled invaginations (80%), corneal pseudo-
cysts (42%), melanophages (47%), and dilated 
vessels (47%). Pigmented SK that displayed the 
presence of hyperpigmented basal layer keratino-
cytes deserves a special mention, and the pres-
ence of these pigmented polygonal basal cells 
along with hyperplastic epidermis and no cyto-
logical atypia were suggestive of probable diag-
nosis of pigmented SK [14–16] (Fig.15.3).

Most of these features are also important 
parameters to make a correct diagnosis in case of 
SK that simulates other lesions at dermoscopy 
and in particular melanoma [17].

a b c

d e

Fig. 15.1 (a) Solar lentigo. (c) RCM mosaic (6 × 6 mm) 
at the DEJ.  Edged dermal papillae and cord-like rete 
ridges (yellow rectangles). (b, d) Typical honeycomb pat-
tern (white rectangles). (e) At the magnification, it is pos-

sible to clearly delineate polycyclic papillary. Bright, 
branching tubular structures with bulbous projections 
(yellow rectangles and red arrows)
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15.3  Lichen Planus-Like Keratosis

LPLK appears like a solitary macule with subtle 
scaling of the lesions surface; with dermoscopy 
the main criteria are a diffuse annular–granular 
structure, with coarse gray blue granules, and 
dermoscopy structure of SL or SB may be addi-
tionally detected.

A the main RCM pattern are a regular epider-
mal architecture and eventually presence of cor-
neal cysts and\or dark holes corresponding to 
comedo-like openings on dermoscopy and to 
keratin-filled invagination on histopathology [18].

At DEJ, according with regressive stage, 
RCM can include both disruption of dermal–epi-

dermal junction or similar to SL or SK, elongated 
cords. In the dermis, the main criteria observed 
are bright nucleated cells that can be or like bright 
spots or like not nucleated plum bright cells [19].

When marked inflammation is present, the 
infiltrate is composed of bright stellate spots, and 
non-aggregate plum bright cells alternately 
increased density of plum bright cells forming 
aggregates that often fills the dermal papillae 
(Fig. 15.4).

To summarize the main RCM criteria for the 
diagnosis of LPLK are typical honeycomb pat-
tern of the epidermis, elongated cords at DEJ and 
numerous bright spots or bright cells in the super-
ficial dermis.

a b c

Fig. 15.2 (a) SK (seborrheic keratosis). (b) Epidermal 
projections with a typical honeycomb pattern (red arrows) 
and keratin-filled invaginations (white asterisk). (c) 

Vessels (white arrows) and bright reflecting horn cysts 
(yellow rectangle and arrows)

a b c

Fig. 15.3 (a) SK (seborrheic keratosis). (b) Epidermal 
projections with a typical honeycomb pattern (white 
arrows) and keratin-filled invaginations correlating to 
comedo-like openings in dermoscopy (yellow asterisk). 

(c) Cord-like rete ridges with bulbous projections (green 
rectangle and arrows) and bright reflecting horn cysts of 
variable size correlating to milia-like cysts in dermoscopy 
(red arrows)
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15.4  Dermatofibroma

The most common clinical presentation of DF is 
a firm nodule with a color ranging from pink-red 
or flesh to brown, lateral pressure leads to the 
appearance of a depression on its surface (button- 
holing sign).

On dermoscopy it typically presents a central 
white scar-like patch consisting of a structureless 
area corresponding to the fibrotic area of the 
lesion with a symmetric peripheral pigment 
network.

At RCM the main criteria are typical cobble-
stone or honeycombed patterns at epidermis [20, 
21]. At the dermo–epidermal junction, dermal 
papillae are seen like ring pattern, and the central 
white scar-like area observed on dermoscopy is 
seen on RCM as wider and more spaced dermal 
papillae [22].
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16.1  Introduction

Non-melanoma skin cancer (NMSC) is the most 
common human malignancy in the Caucasian 
population with rapid increasing incidence rates 
[1]. Basal cell carcinoma (BCC) is four times 
more frequent than squamous cell carcinoma 
(SCC), although this ratio is inverted in immuno-
suppressed patients [2]. Naked-eye examination is 
the first screening used by clinicians for the diag-
nosis of NMSC, but sometimes it is not possible to 
distinguish a benign lesion from a malignant one. 
Skin biopsy for histological examination is the 
gold standard; however, it is painful and not suit-
able in patients with multiple suspicious lesions 
[3]. In recent years, novel non-invasive diagnostic 
techniques have been developed, such as dermos-
copy, optical coherence tomography and reflec-
tance confocal microscopy (RCM) [3, 4]. RCM is 
an imaging technique that allows in vivo real-time 
examination of the epidermis and superficial der-
mis at quasi-histologic resolution. RCM analysis 
contributes to ameliorate diagnostic accuracy of 
NMSC, sparing time for the patient and costs for 
the public health system [5]. Numerous studies 
have identified the main RCM features of skin 
tumours, demonstrating the good correlation of 

these features with certain dermoscopic patterns 
and histologic findings [6–9].

BCC is particularly suitable to be observed 
with RCM and RCM criteria, and algorithms for 
the diagnosis of BCC are well defined [10–12] 
even in clinically equivocal lesions [13]. On the 
contrary, keratinizing tumours such as actinic 
keratosis (AK) and SCC are often difficult to 
diagnose with RCM because the scaling surface 
can obscure the underlying structures, and less 
studies have described RCM features of AK and 
SCC [14]. RCM also enables to monitor the treat-
ment of NMSC [15–17].

16.2  Basal Cell Carcinoma

Basal cell carcinoma is the most frequent tumour, 
and epidemiological data indicate that the overall 
incidence is increasing worldwide significantly 
by about 3–10% per year with an average life-
time risk for Caucasian to develop BCC of 30% 
[18, 19].

Constitutional and environmental factors are 
implicated in the development of BCC such as 
sun exposure, immunosuppression and exposure 
to ionizing radiation, arsenic, coal tar derivatives 
and oral psoralen [20].

Four major distinctive clinical-pathologic sub-
types have been described: nodular, superficial, 
slerodermiform and fibroepithelial (also referred 
as fibroepithelioma of Pinkus). Different  subtypes 
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of BCC can be pigmented and can simulate mela-
noma [21].

Although many BCCs are clinically evident, 
sometimes diagnosis of BCC can be difficult, espe-
cially in those cases that do not show clear dermo-
scopic features. RCM increases diagnostic 
accuracy for BCC [22]. Although both RCM 
probes (Vivascope® 1500 and 3000, Caliber 
Imaging and Diagnostics, Rochester, NY, USA; 
distributed in Europe by MAVIG GmbH, Munich, 
Germany) demonstrated high positive predictive 
value, Vivascope® 1500 showed higher negative 

predictive value probably because its larger field of 
view permits a more detailed examination [23, 24].

In 2002 Gonzalez et  al. described confocal 
features of BCC for the first time [25].

In particular, they identified the following 
criteria:

• Hyper-reflective islands of tumour cells often 
well-defined from the surrounding dermis by 
cleft-like spaces corresponding to mucinous 
stroma (Fig. 16.1) [6]

a b

c d

Fig. 16.1 Pigmented nodular basal cell carcinoma: clini-
cal (a), dermoscopic (b) and reflectance confocal micros-
copy (c, d) aspect. Clinical image (a) shows a pigmented 
and translucent papule. Dermoscopy (b) shows brown, 
black and grey dots and globules, areas of brown and pink-
ish structureless pigmentation and fine linear vessels. 

Reflectance confocal microscopy shows tumour islands 
(c, yellow circle) with tightly packed, hyper-refractive 
cells with peripheral palisading of nuclei and tumour 
islands clearly surrounded by hypo-reflective clefts (d, red 
arrows). (Photographer: Elisa Cinotti, University of 
Siena)
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• Abundant dilated blood vessels, also seen as 
in focus vessels in dermoscopy [26]

• Inflammatory infiltrate inside BCC islands: 
small bright cells corresponding to lympho-
cytes and neutrophils

• Keratinocyte atypia with pleomorphism, 
architectural disarray and parakeratotic nuclei 
in the stratum corneum

• Focally elongated keratinocytes with nuclei 
assuming a polarized appearance (streaming) 
(Fig. 16.2) [22]

More recently, additional features have been 
described:

• Hyper-reflective (bright) tumour islands can 
be oval, elongated or polycyclic cord-like 
structures (Fig.  16.1) [10]. Tumour islands 
are better visible in pigmented BCC and are 
composed of tightly packed, weakly to mod-
erately reflective cells with peripheral pali-
sading of nuclei (Fig. 16.1) [21]; pigmented 
islands represent nests of pigmented basaloid 
tumour cells on histopathology and blue-grey 
ovoid nests and leaf-like structures on der-
moscopy [12, 27].

• Bright dendritic cells, corresponding to mela-
nocytes and Langerhans cells, can be present 
inside tumour islands [12, 21, 28].

• Dark silhouette [29, 30] consisting of tumour 
islands that appear as footprint-like shadow in 
a context of bright compact collagen and are 
mainly found in non-pigmented BCC.

• Epidermal shadow defined as large featureless 
area with blurred border altering the normal 
architecture of epidermis and corresponding 
to the horizontal clefting [6].

Longo et al. [31] defined the RCM criteria of 
different BCC subtypes:

• Superficial BCC reveals cord-like structures 
connected to epidermis and polarization of 
nuclei in the epidermis.

• Dark silhouettes are hallmarks of infiltrative 
non-pigmented BCC.

• Nodular and micronodular BCC show large 
tumour islands with peripheral palisading and 

fibrotic septa; nodular BCC present more fre-
quently peritumoural clefting, bright tumour 
islands and larger calibre vessels compared with 
superficial and infiltrative subtypes [31, 32].

Another rare variant of BCC is represented 
by Fibroepithelioma of Pinkus that usually 
presents as a skin-coloured papulo-nodule that 
can mimic intradermal nevus (Fig.  16.3) [33, 
34]. Few studies have described RCM charac-
teristics of this BCC variant: a fenestrated pat-
tern consisting of tumour islands (often with a 
cord-like appearance) with palisading cells at 
the periphery, which surround hypo-reflective 
‘holes’ corresponding to the fibrous stroma 
(Fig. 16.3) [34, 35].

Lastly, RCM represents a useful procedure 
to improve the identification of proper lateral 
margins for surgical excision in BCC with clin-
ically and dermoscopically ill-defined margins 
[36, 37].

16.3  Actinic Keratosis

Actinic keratosis have historically been defined 
precancerous lesions because atypical keratino-
cytes are confined to the epidermis, although a 
minority think they are malignant in the same 
sense of Bowen disease (SCC in situ) or intraepi-
thelial melanoma [38, 39]. They typically present 
on sun-damaged skin of the head, neck, trunk and 
extremities as rough erythematous papules cov-
ered by white to yellow scale. Advanced lesions 
are thicker with more visible hyperkeratosis and 
erythema. Clinical subtypes include the classic 
variant described above, hyperkeratotic, pig-
mented, lichenoid, atrophic, bowenoid and 
actinic cheilitis.

It is well known that actinic keratosis can 
progress to SCC, underscoring the need to 
identify and treat patients at risk [40]. Modern 
imaging techniques such as dermoscopy, RCM 
and high-definition optical coherence tomogra-
phy may have potential to identify subclinical 
lesions, monitor the evolution of actinic field 
damage, and evaluate treatment response [41, 
42].
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a

c

b

Fig. 16.2 Superficial basal cell carcinoma: clinical (a), 
dermoscopic (b) and reflectance confocal microscopy (c) 
aspect. Reflectance confocal microscopy shows focally 

elongated keratinocytes with the same parallel orientation 
(yellow circle). (Photographer: Elisa Cinotti, University of 
Siena)
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  a

c
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Fig. 16.3 Fibroepithelioma of Pinkus: clinical (a), der-
moscopic (b) and reflectance confocal microscopy (c) 
aspect. Reflectance confocal microscopy shows a fenes-
trated pattern consisting of tumour islands with a cord- 

like appearance (orange) and palisading cells at the 
periphery, which surround hypo-refractive areas (yellow) 
corresponding to the fibrous stroma). (Photographer: Elisa 
Cinotti, University of Siena)
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Several RCM features of AKs have been 
described:

• Hyperkeratotic centre of the lesion with 
detached keratinocytes that can make difficult 
the visualization of deeper layers [14, 43]

• Parakeratosis in the stratum corneum: kerati-
nocytes with a hypo-reflective central nucleus 
[30, 44]

• Atypical honeycombed pattern of the epider-
mis with polygonal keratinocytes of different 
size and shape and bright irregular contour 
(Fig. 16.4) [14, 43, 45]

• Solar elastosis in the dermal layers with mod-
erately reflective lace-like material adjacent to 

collagen bundle in the superficial dermis 
(Fig. 16.4);

• Inflammatory infiltrate characterized by lym-
phocytes in epidermal layers and superficial 
dermis

• Dilated blood vessels with erythrocytes [46]

Ulrich et  al. showed that RCM features of 
AKs correlated well with routine histological 
examination [45]. Recently Pellacani et  al. 
[47] have evaluated the correlation between 
keratinocyte atypia observed upon RCM and 
histopathology in order to develop a more 
objective atypia grading scale for RCM 
quantification:

a

c d

b

Fig. 16.4 Actinic keratosis: clinical (a), dermoscopic (b) 
and reflectance confocal microscopy (c, d) images. 
Reflectance confocal microscopy shows atypical honey-
combed pattern of the epidermis (c) characterized by 
polygonal keratinocytes of different size and shape with a 

bright irregular contour (white circle) and dyskeratosis 
(yellow circle) and solar elastosis in the superficial dermis 
(d, red circle) with moderately refractive lace-like mate-
rial adjacent to collagen bundles. (Photographer: Elisa 
Cinotti, University of Siena)
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• In grade 1 AK focal isolated areas of atypical 
honeycombed pattern are observed at the level 
of stratum spinosum.

• Grade 2 AK presents multiple and more dif-
fuse areas of keratinocyte atypia involving 
stratum spinosum and granulosum.

• Grade 3 AKs shows marked atypical honey-
combed pattern.

Different clinical subtypes of AK have been 
described with RCM.

Pigmented AK remains a frequent diagnostic 
challenge for clinicians because it often shows 
overlapping clinical and dermoscopic features 
with lentigo maligna/lentigo maligna melanoma 
[48–50]. A score has been developed in order to 
facilitate the diagnosis of pigmented macules of 
the face [51, 52]. RCM features of this difficult to 
diagnose lesion have been defined and are as 
follows:

• Presence of epidermal alterations such as 
atypical keratinocytes, parakeratosis, scaling

• Increased epidermal thickness
• Bright, small, dermal papillae with enlarged 

interpapillary spaces
• Intraepidermal and interfollicular dendritic 

cells referable to Langerhans cells without 
folliculotropism

• Absence of features suggestive of melano-
cytic lesions (nesting, meshwork pattern or 
atypical cells infiltrating the derma–epi-
dermal junction (DEJ) and hair follicle) 
[53, 54]

Moreover, hyperkeratotic AKs represent 
one of the most important differential diagno-
ses for SCC.  However, the presence of thick 
scale limits the visualization of deeper layers. 
It can be useful to apply keratolytic agents or 
to practice gentle superficial curettage before 
the evaluation [14].

On the contrary, actinic cheilitis can be better 
visualized under RCM because lips present a 
thinner stratum corneum. However, marked 
inflammation represents a potential diagnostic 
pitfall [55].

16.4  Squamous Cell Carcinoma

SCC is a common skin tumour derived from epi-
dermal keratinocytes.

Bowen’s disease is a form of SCC in situ that 
appear as an erythematous scaly patch or slightly 
elevated plaque that arise on sun-exposed skin of 
elderly people (Fig. 16.5). Histologically it is char-
acterized by proliferation of atypical, pleomorphic 
keratinocytes involving the whole epidermis.

Ulrich et al. [56] have evaluated ten cases of 
Bowen’s disease and found the following 
criteria:

• Superficial epidermal disruption with single 
detached and nucleated keratinocytes corre-
sponding to parakeratosis (Fig. 16.5).

• Atypical honeycomb pattern at granular- 
spinous layer with great variations in cell and 
nuclear morphology involving the whole 
thickness of the epidermis (Fig.  16.5); two 
types of targetoid cells can be appreciated in 
the context of atypical honeycombed pattern: 
large cells with a hyperreflective centre sur-
rounded by a dark halo and large cells with a 
dark centre and a bright rim and a surrounding 
dark halo. These cells correspond to dyskera-
totic cells at different stages.

• Neutrophils within the stratum corneum.
• S-shaped blood vessels in the centre of dermal 

papillae (Fig. 16.5).

The RCM criteria for the diagnosis of 
SCC have been identified in 2009 by Rishpon 
et al. [14]:

• Scale and crust on stratum corneum appearing 
as bright reflective areas

• Parakeratosis of stratum corneum correspond-
ing to polygonal nucleated cells

• Atypical honeycomb and/or a disarranged pat-
tern of the stratum spinosum and granulosum 
of the epidermis

• Round nucleated cells in the spinosum- 
granular layer corresponding to dyskeratotic 
cells

• Round blood vessels in the superficial dermis
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Pigmented SCC represents a diagnostic chal-
lenge, and it is difficult to diagnose by clinical 
and dermoscopic examinations. RCM is useful in 
the differential diagnosis of melanoma [57].

Pigmented SCC is characterized by the 
absence of:

• Roundish or polymorphic pagetoid cells
• Non-edged papillae at DEJ or loss of the DEJ 

architecture
• Irregular nests of melanocytes at the DEJ or 

superficial dermis

It is possible to observe:

• Scale/parakeratosis
• Irregular honeycomb pattern characterized by 

thickened and broadened keratinocyte out-
lines with pleomorphic cells

• Large, round, nucleated cells at the spiny 
granular layer

• Spindle-shaped cells with dendritic branches 
infiltrating the epidermis

• Edged papillae
• Small bright spots corresponding to inflam-

matory cells
• Dilated looping blood vessels within dermal 

papillae

Notably, the presence of dendritic cells infil-
trating the epidermis may erroneously lead the 
RCM reader to the diagnosis of melanoma [58]. 
However, in pigmented SCC, this dendritic cell 
infiltration principally involves stratum spino-
sum and granulosum; on the contrary, in mela-
noma, the infiltration of bright cells is almost 
always denser at the DEJ than the epidermal 
layers [57].

Manfredini et al. [59] have tried to evaluate if 
specific dermoscopic and RCM criteria can pre-
dict the diagnosis of invasive SCC vs. in situ 
SCC.

a

c d e

b

Fig. 16.5 Bowen’s disease: clinical (a), dermoscopic (b) 
and reflectance confocal microscopy (c, d, and e) images. 
Reflectance confocal microscopy shows parakeratosis (c, 
yellow circle), atypical honeycomb pattern of the epider-

mis (c, d), targetoid keratinocytes (c, red circle, large cells 
with hyper-refractive centre surrounded by a dark halo), 
S-shaped vessels in the superficial dermis (e, red arrows). 
(Photographer: Elisa Cinotti, University of Siena)
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RCM features of invasive SCC are:

• Erosion/ulceration
• Architectural disarrangement
• Marked pleomorphism in bright and size of 

keratinocytes
• Speckled nucleated cells (roundish, polygo-

nal, with a speckled appearance and a dark 
nucleus) in the dermis

• Atypical bright keratinizing tumour nests
• Irregularly dilated vessels

By contrast, in situ SCC shows a rich hyper-
keratotic component, bottom-hole vessels inside 
dermal papillae and a slight architectural 
disarrangement.
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Abbreviations

ACD Allergic contact dermatitis
DEJ Dermo–epidermal junction
DLE Discoid lupus erythematosus
ICD Irritant contact dermatitis
LP Lichen planus
PP Plaque psoriasis
RCM Reflectance confocal microscopy
SD Seborrheic dermatitis

17.1  Reflectance Confocal 
Microscopy: The Device

Commercially available reflectance confocal 
microscopy (RCM, Vivascope 1500® and 
Vivascope 3000®—the handheld version, 
Caliber-Mavig Technologies, Henrietta, 
New York, USA) for in vivo skin imaging oper-
ates with a diode Class 3A Laser (European ver-
sion), at a wavelength of 830 nm, with power less 
than 35 mW at tissue level. The system includes 
a 30 × 0.9 NA water-immersion objective lens. 
Real-time RCM operates by detecting back- 

scattered photons from the illuminated living tis-
sue. The contrast in confocal images is provided 
by reflectance index differences between cellular 
structures, subcellular structures, and their sur-
roundings. Melanin and keratin have a high 
reflectance index and to a lesser extent white 
blood cells, chromatin, and dermal fibers. RCM 
provides cellular details that are similar to those 
of histopathology detectable at lower magnifica-
tion. The measured lateral resolution has been 
shown to be around 0.5  μm and the measured 
axial resolution around 3.5 μm. Immersion oil or 
water has to be applied on the skin lesion in order 
to have a refractive index close to that of the stra-
tum corneum. The immersion lens requires to be 
used with water/water-gels placed between the 
window and objective lens with a refractive index 
close to that of the epidermis. The handheld 
RCM, thanks to its ergonomic and the optic 
structure, does not need to be connected, as the 
standard confocal microscope, by an adhesive 
window to the skin, but can be moved free on the 
skin surface enabling to access “difficult” body 
sites with curved anatomic structures (nose, hear) 
that are inaccessible to the standard version of 
RCM. Moreover, the intrinsic horizontal, in vivo 
RCM approach to the tissue supports the evalua-
tion of the skin layer by layer from the top of the 
stratum corneum to the upper dermis at the depth 
of around 250 μm. In specific, in order to obtain 
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informative features about all the skin layers 
detecting the specific changes descriptive for the 
different inflammatory entities, the correct RCM 
acquisition method is generally made by four 
mosaics (moving from 1 × 1 mm to 8 × 8 mm) 
taken respectively at the level of the stratum cor-
neum, the spinosum, the dermo–epidermal junc-
tion (DEJ), and the upper dermis. One or more 
stacks (vertical sectioning of the skin) moving 
from the stratum corneum to the deep limit of 
imaging has been required in order to evaluate 
specific single microscopic criterion related to 
the thickness of the different skin layers. 
Moreover, during real-time imaging, video regis-
trations can be acquired for analysis and record 
of dynamic processes such as blood flow in der-
mal vessels. Typically, leukocytes can be seen 
rolling through the vessel lumen (Fig. 17.1).

17.2  Reflectance Confocal 
Microscopy: From Skin 
Cancer to Inflammatory 
Diseases

RCM is a noninvasive tool for microscopic evalu-
ation of the skin that is prevalently used for skin 
tumor diagnosis and clinical decision manage-
ment with prevalent application on melanocytic 
lesions [1]. RCM provides a sort of “virtual” skin 
biopsies offering detailed microscopic changes of 
the different skin layers with an en-face approach 
to the tissue providing cellular-level resolution 
close to conventional histopathology. Recently, 
prospective studies demonstrated that the system-
atic use of RCM, generally applied as a second-
level examination in skin melanocytic and 
non-melanocytic tumors, improves diagnostic 

HANDHELD RCM

RCM STANDARD OPTIC

INTEGRATED DERMOSOCPY

RCM IMAGES

COMBO SYSTEM

Fig. 17.1 Commercially available confocal microscope and its components
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accuracy [2]. Data collected disclosed the poten-
tial of RCM as an alternative noninvasive, real-
time diagnostic method for a prehistologic 
diagnosis to be used for a better patient manage-
ment. Higher sensitivity and specificity values in 
comparison to the standard methods as dermos-
copy have been demonstrated for RCM, and in 
particular, some confocal criteria for melano-
cytic and non-melanocytic lesions have been 
identified. For these reasons, in the last years, 
RCM became a widespread method used for the 
reduction of unnecessary biopsies for histopath-
ologic examination [3, 4]. If in the field of 
dermato- oncology RCM has been proved to pro-
vide information related to the nature of the skin 
lesions and its malignant potential, in inflamma-
tory skin diseases RCM is still under study and 
has been prevalently tested for the clinical 
microscopic correlation providing in real-time 
microscopic features for clinical diagnosis con-
firmation. More in detail, during the last 10 years, 
RCM has been used for the evaluation of several 
inflammatory skin conditions such as psoriasis, 
contact dermatitis, seborrheic dermatitis, lichen 
planus, and contact dermatitis showing the pos-
sibility of the identification of specific confocal 
features supporting the clinical diagnostic sus-
pect useful for patient management, treatment 
definition, and clinical follow-up [3]. Data 
related to confocal microscopy of single inflam-
matory skin diseases and focus on confocal–his-
tology correlation, therapeutic follow-up, and 
only rarely on differential diagnosis have been 
published to date in the literature till now. Larger 
comparative studies demonstrating the effective 
diagnostic and differential diagnosis value of 
RCM in these fields are still needed, but prelimi-
nary multicenter studies have been already per-
formed on a significant number of cases. In this 
chapter, a detailed description of the RCM fea-
tures related to the most common inflammatory 
skin disease, useful for the differentiation 
between the three main inflammatory diseases 
groups: psoriasiform, spongiotic, and interface 
dermatitis are described.

17.3  Clinical Applications 
in Inflammatory Skin 
Diseases

Similarly, to stand histology approach, applica-
tion of RCM on inflammatory diseases based on 
the description of the histologic pattern and col-
lection of RCM images showing microscopic 
feature involving the stratum corneum, epider-
mis, and superficial dermis have been described. 
In literature, using a defined pattern analysis 
method, RCM has been applied to inflamed skin 
by the examiner in order to collect features defin-
ing the three main categories of inflammatory 
diseases: psoriasiform dermatitis, interface der-
matitis, and spongiotic dermatitis. Starting from 
the common classification of inflammatory skin 
diseases, psoriasiform dermatitis refers to the 
inflammatory skin processes characterized clini-
cally by scales and erythema and microscopically 
showing an epidermal pattern characterized by 
thickening of the stratum corneum and of the epi-
dermis associated with a pattern of the epidermis 
defined as papillomatosis characterized by the 
elongation of the rete ridge. The prototypic dis-
eases of this group are plaque psoriasis (PP) and 
seborrheic dermatitis (SD) that are characterized 
by a similar clinical presentation and similar 
microscopic changes that differs in distribution 
and amount of the single features. Differently, the 
group of interface dermatitis includes those skin 
inflammatory dermatoses characterized by an 
inflammatory process that involves prevalently 
the dermo–epidermal junction (DEJ), with dam-
age of basal cell keratinocytes due to the inflam-
matory process with necrosis of keratinocytes, 
associated with vacuolar changes of the DEJ or 
lichenoid (band like) distribution of the inflam-
matory process in the upper dermis just below the 
basal layer of the epidermis. In this group of con-
ditions, the prototypic and most common dis-
eases are represented by lichen planus (LP) and 
discoid lupus erythematosus (DLE). The latter 
group is represented by the spongiotic dermatitis 
that are characterized by the presence of inter- or 
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intracellular edema and infiltration of the epider-
mis due to inflammatory cells and perivascular 
inflammation at the level of the upper dermis. 
The commonly diagnosed interface dermatitis 
are irritant contact dermatitis (ICD) and allergic 
contact dermatitis (ACD). In the clinical practice, 
in most of the cases, the use of RCM lets the cli-
nician/confocalist to consider the skin lesion as 
one of previous mentioned groups thanks to the 
identification of the major RCM descriptors of 
patterns of descriptors specific for one of the 
inflammatory diseases suspected. Later, in order 
to better define the differential diagnosis between 
inflammatory diseases belonging to the same 
group, the collection of additional criteria involv-
ing the different skin layers can better orient the 
diagnosis (Fig. 17.2). The sensitivity and speci-
ficity of the method increased proportionally 

with the number of RCM features composing the 
pattern of the clinically suspected skin disease 
detectable in the lesion.

17.4  Description of the RCM 
Features of the Main Groups 
of Inflammatory Skin 
Diseases and the Distinctive 
Patterns Useful 
for Differential Diagnosis

17.4.1  Spongiotic Dermatitis

The main descriptor for spongiotic dermatitis on 
optical histology is the detection of intraepider-
mal spongiosis associated with the presence of 
inflammatory cells into the epidermis diffused or 

Fig. 17.2 Algorithm for the diagnosis of inflammatory skin conditions using RCM in inflammatory skin diseases
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in clusters forming intra-epidermal vesicles. 
Several inflammatory processes can show mild to 
moderate spongiosis, but the prevalence of this 
feature is a characteristic of spongiotic dermatitis. 
In this case, the semi-quantitative estimation of 
the severity of the spongiosis (moderate to severe 
till the massive spongiosis) has to be more consid-
ered as more indicative for an acute spongiotic 
dermatitis. Moreover, absence of interface 
changes as well as signs referring to papillomato-
sis, typically detected respectively in interface 
dermatitis and psoriasiform dermatitis, helps to 
confirm the clinical suspect of spongiotic derma-
titis. In the case of spongiotic dermatitis, on RCM, 
spongiosis is detectable as dark areas at the level 
of the epidermis in comparison with the surround-
ing epithelium, with broadband intercellular 
spaces and associated with round to oval bright 
cellular structures between keratinocytes spaces 
corresponding to inflammatory cells. When spon-
giosis is massive, as in the case of intra-epidermal 
vesicle, this aspect is detected on RCM as well-
demarcated dark spaces between granular and 
spinous keratinocytes, filled by “floating” inflam-
matory cells. Hyper-refractile cellular structures 
corresponding to necrotic keratinocytes can also 
be visualized inside the vesicles floating in the 
dark area of the vesicle [5]. Moreover, in spongi-
otic dermatitis, RCM can reveal disrupted cor-
neum layer and detached corneocytes. Individual 
corneocytes may appear as detached and highly 
refractile polygonal cellular structures corre-
sponding clinically to subtle desquamation that 
reflects the loss cohesiveness between corneo-
cytes generally in response to contact irritants 
agents. Differentiation between ICD and ACD is 
generally difficult on the basis of clinical presen-
tation. This differentiation can be done with RCM 
through the analysis of the changes involving the 
stratum corneum during time. In detail ICD reac-
tion shows a pronounced superficial disruption of 
the stratum corneum after exposure to contact irri-
tants (<24 h); this is generally absent in ACD. In 
the dermal compartment, dilated vessels and der-
mal inflammation can be visualized representing 
a secondary confocal feature in both ICD and 
ACD [6, 7]. ICD and ACD differ in their kinetic 
evolution: ICDs have typically a more rapid onset 

and shows a faster recovery compared to ACDs. 
Moreover, it has also been demonstrated that 
RCM allows the detection of subclinical reaction 
to in lab application of antigens when clinical fea-
tures are absent or subtle, thereby verifying clini-
cal readings of patch test (Fig. 17.3).

17.4.2  Psoriasiform Dermatitis

The most common psoriasiform inflammatory 
skin disorders are PP and SD. In literature, most 
of the papers have been focused on the descrip-
tion of the confocal features of those conditions, 
on the use of RCM in the therapeutic follow-up 
and in the descriprion of the impact of a drug on 
the specific confocal microscopic changes char-
acterizing the inflammatory disease. PP is a 
chronic inflammatory skin disease characterized 
on histopathology by acanthosis, hyperkeratosis, 
papillomatosis, an increased vascularization, and 
variable infiltration of lymphocytes and polymor-
phonucleated cells into the skin tissue. RCM has 
been demonstrated to be able to provide imaging 
of the whole stratum corneum and epidermis 
with the possibility of upper dermis evaluation 
through the DP window. For that reason, RCM 
lets the evaluation of all the skin compartments 
involved by the pathological process with valu-
able histopathology correlates and good repro-
ducibility between observer and high grade of 
correspondence. Moreover, thanks to the possi-
bility of detailed microscopic changes follow-up, 
recent studies on PP and other inflammatory skin 
diseases confirmed the usefulness of RCM for 
in  vivo evaluation of therapeutic follow- up and 
disease progression in PP.  RCM descriptors of 
psoriasiform dermatitis are characterized by the 
presence of thickened epidermis (>60–80 μm), to 
be considered according to the different skin sites 
involved by the lesion and the skin type of the 
patient, as the main confocal feature. Moreover, 
considering the superficial layers, thickening of 
the stratum corneum can be detected (>20–
40 μm). Hyperkeratosis can be seen in associa-
tion of RCM with the presence of high refractive 
round to polygonal structures inside the stratum 
corneum corresponding to parakeratosis. 
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Detection and measurement of thickening of stra-
tum corneum and epidermis can be evaluated on 
RCM using the stack software analysis; in par-
ticular, the number of single frames needed to 
move from the first cellulated layer of the epider-
mis to the DEJ can calculate epidermal acantho-
sis. Differently, hyperkeratosis can be measured 
counting stack images needed to move from the 
top of the stratum corneum and progressing 
deeper in 3–5 μm step to the first cellulated epi-
dermal layer [8] (Fig. 17.4). Moreover, consider-
ing the secondary RCM descriptors for PP useful 
for the definition of a confocal pattern, up located, 
enlarged dermal papillae with thin interpapillary 
epidermal spaces are commonly detected as signs 
of elongation of the rete ridges (papillomatosis). 
Differently, in SD papillomatosis is also detect-
able, but is generally more irregular. Moreover, 
different amount of spongiosis can be seen in SD 
in comparison to PP. This feature can be used as 
support for the differential diagnosis between PP 

and SD. In PP, at the level of the upper dermis, 
prominent dark canalicular structures filling the 
dermal papillae are detectable in a vertical orien-
tation. Differently dilated vessels, but horizon-
tally oriented and mainly located around adnexal 
structures, are commonly detected SD and can 
also be used for differential diagnosis. Finally, 
detection of Demodex folliculorum located in the 
ostium of the sebaceous glands has been reported 
exclusively for SD on RCM.  This is consistent 
with the hyper- seborrhea characterizing SD that 
sustains Demodex folliculorum in opposition to 
the high keratinocyte turnover of PP that contrast 
their proliferation [9].

17.4.3  Interface Dermatitis

The term interface dermatitis refers to skin inflam-
matory processes in which inflammatory cells 
involve the DEJ causing focal or diffuse involve-

a b c

ed f

Fig. 17.3 Example of spongiotic dermatitis. Eczema of 
the nipple (a), dermoscopy (b), RCM (c–f), showing 
spongiotic vesicle (c, d), disruption of the stratum cor-

neum with inflammatory cells (arrows) (e), spongiosis 
with inflammatory cells (arrows) (f)
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ment of the keratinocytes of the basal layer of the 
epidermis with obscuration of the DEJ and necro-
sis. DLE and LP are the prototypes and the most 
common diseases of this group of inflammatory 
conditions. On standard histology, DLE is charac-
terized by the presence of an interface involve-
ment detectable as focal vacuolar changes at the 
basal membrane of the epidermis; LP typically 
shows a band-like (lichenoid) infiltrate at the level 
of the upper dermis with erosion of the basal layer 
[10]. RCM have been used for the evaluation of 
interface dermatitis demonstrating the possibility 
to detect the major signs of DEJ involvement. In 
detail, on RCM, both histologic features of lichen-
oid and vacuolar inflammatory changes can be 
visualized as the presence of multiple refractive 
cells obscuring the papillary rims that are respec-
tively uniformly distributed along the lesion in LP 
and more focally distributed in DLE. In detail, in 
interface dermatitis, the papillary rims are 
obscured by the presence of the inflammatory 
cells with obliteration of the ring-like structures 

around dermal papillae that appeared as not still 
detectable and not surrounded by the bright rims 
usually seen in normal skin. The interface involve-
ment is generally associated with the presence of 
polygonal, plump bright cellular elements, usu-
ally without a visible nucleus, located in the upper 
dermis corresponding to melanophages. As sec-
ondary RCM features characterizing interface 
dermatitis, inflammatory cells can also be detected 
at the level of the epidermis as well as in the upper 
dermis around vessels and especially around 
adnexal structures in DLE.  Generally, a preva-
lence of melanophages can be seen in late stage 
lesions [11]. When the lesion involves the scalp, 
adnexal structure infiltration represents the main 
expression of the interface change, and in lichen 
plano- pilaris, it can be the prevalent location of 
the inflammatory cell infiltration. Detection of a 
more prominent thickening of the dermal fibers as 
sign of scar evolution of the late stage of the pro-
cess is more distinctive and characteristic for DLE 
(Fig. 17.5).

a b c

ed f

Fig. 17.4 Example of psoriasiform dermatitis. Plaque 
psoriasis on the back (a), dermoscopy (b), RCM (c–f), 
showing hyperkeratosis (c), mild spongiosis with inflam-

matory cells (arrows) (d), papillomatosis (e), dilated ver-
tically oriented vessels (arrows) (f)
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17.4.4  Therapeutic Follow-Up 
and Biopsy Site Selection

Once descriptive parameters for specific entity 
are defined. The progressive normalization of the 
aspects can be used for the therapeutic response 
assessment. Several examples are reported in lit-
erature such as psoriasis and scalp alopecia. Not 
only the recovery of normal tissue but also the 
lack of response to drug has been reported in lit-
erature with description of the changes due to the 
direct ecctc of the active on the microscopic pat-
tern of the disease [12–18]. Inflammatory skin 
diseases are characterized by different phase of 
the lesion with an acute phase, a longstanding 
phase, and a post-inflammatory phase. A typical 
example is represented by LP that has an acute 
phase in which it is possible to detect all the 
changes characterizing the condition and a late 
stage in which only dermal melanophages are 
detectable. In order to reduce the number of un-

useful skin biopsy provided to the pathologist, 
selectin of the site of the biopsy can be performed 
using RCM.

17.5  Limits

RCM application on inflammatory skin can be 
difficult in relation to different anatomical sites, 
specific characteristic of the lesion itself, or the 
intrinsic nature of the inflammatory condition. 
Palm and sole are characterized physiologically 
by the presence of hyperkeratosis and acanthosis 
epidermis that limit the penetration of the light 
and determinate a high backscattering of the light 
with severe limits in confocal imaging. All the 
hyperkeratotic processes have to be preventively 
treated with keratolytic ointment before confocal 
examination in order to reduce the backscattering 
of light letting the light penetrate into the tissue. 
Similarly, in ulcerated tissue (due to erosions or 

a b c
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Fig. 17.5 Example of interface dermatitis. Discoid lupus 
erythematosus (a), dermoscopy (b), RCM (c–f), showing 
inflammatory cells infiltration of the epidermis (arrows) 
(c), inflammatory cells infiltrating the adnexal structures 

(arrows) (d), DEJ obscuration due to the presence of 
inflammatory cells and melanophages (arrows) (e), thick-
ening of the dermal fibers as sign of dermal scar (f)
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scratches) fibrin, coagulated blood and keratin 
aggregates can limit significantly the examina-
tion. In that case, only peri-ulcer tissue can be 
examined with confocal microscopy with limited 
data collection. When granulomatous diseases 
(granuloma anularis, lupus vulgaris, sarcoidosis) 
or deep inflammatory processes (lupus tumidus, 
deep fungal infections) are suspected, those con-
ditions cannot be evaluated using confocal 
microscopy because of the limit of penetration to 
the upper dermis during the examination.
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In Vivo Reflectance Confocal 
Microscopy for Infectious Diseases

Luca Provvidenziale, J. L. Perrot, and Elisa Cinotti

18.1  Introduction

Reflectance confocal microscopy (RCM) is a 
high-resolution noninvasive imaging technique, 
which optically sections the living tissue at vari-
ous depths, to image horizontal layers of the 
skin and appendages with resolution at a cellu-
lar level and without alteration of the tissue sur-
face. The use of RCM in dermatology was first 
described roughly 30 years ago [1, 2] and was 
initially focused on the diagnosis of skin can-
cers, but a rising number of other indications 
have been later described among which the 
diagnosis and management of infectious derma-
tological disorders. RCM has a lateral resolu-
tion of 1.25 μm and an axial resolution of 5 μm 
[1, 2]. This means that structures with bigger 
size than 1.25 μm could theoretically be studied. 
Most skin parasites are well visible under RCM 
because they are large and sometimes also visi-
ble to naked eye. Fungi responsible for superfi-
cial mycoses of the skin are generally visible 
under RCM.  Virus could not be identified 
because they are too small. However, viral 

 cytopathic effects can be observed in  vivo on 
keratinocytes [3–5]. Among bacteria only 
Treponema pallidum has been identified [6].

18.2  Reflectance Confocal 
Microscopy for Parasitosis

Sarcoptes scabiei [7–14] (Fig.  18.1), Demodex 
folliculorum [7, 8, 15–18], Pyemotes ventricosus 
[19], Cimex lectularius [20], Dermanyssus galli-
nae, and Ixodes [21] (Fig. 18.2) have been identi-
fied using RCM.

The optical microscopic examination of a 
specimen obtained from skin scraping is the ref-
erence technique to recognize parasites, eggs, 
and/or droppings in case of scabies. However, 
this technique is time consuming and can give 
false-negative results [22]. Currently, this method 
is frequently replaced by dermoscopy, which 
shows the “delta-wing jet” sign that consists in 
the cephalic portion of S. scabiei and its furrow 
[9] (Fig. 18.1b). Nevertheless, this sign is some-
times hard to detect, and some locations such as 
inter-digital spaces, one of the most affected 
sites, are impossible to be explored by the dermo-
scope due to the excessive tip size [10]. The iden-
tification of S. scabiei by RCM was first reported 
in 2005 [9], and the introduction of the handheld 
camera allowed the use of this technique for the 
diagnosis of scabies in clinical routine [10, 11]. 
Under RCM, S. scabiei presents with an 
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 inhomogeneously refractive ovoid body and 
short legs [11, 14] (Fig. 18.2c). Adult females are 
400 × 300 μm in size, while males are just over 
half this size [11, 14].

Eggs are hypo-refractive, 200 × 100 μm, and 
have ovoid structures with a hyper-refractive thin 
wall [11, 14] (Fig.  18.1c, d). Furthermore, 
although the morphology of different develop-
mental stages of S. scabiei is similar, examina-
tion by RCM allows to distinguish adults from 
larvae based on their size (larvae are smaller than 
adults) and number of pairs of legs (four pairs of 

legs for adults and three pairs of legs for larvae) 
[11]. Droppings are easily identified as they are 
superficial hyper-reflective roundish bodies of 
around 15 μm in diameter that can be a useful 
marker of a nearby presence of an adult parasite 
[14] (Fig. 18.1c, d).

Unlike dermoscopy, RCM can be used for the 
follow-up after treatment, due to its non-invasive 
real-time examination that allows to distinguish 
living mites from the dead ones as all the vital 
functions of the parasites are visible, from intes-
tinal peristalsis to defecation [10, 12, 23]. 

a b

c d

Fig. 18.1 Clinical (a), dermoscopical (b), and reflec-
tance confocal microscopy (c, d) aspect of a case of sca-
bies. Cutaneous burrow (a, white arrow). Dermoscopy 
shows the “delta wing sign,” a triangular brown structure 
corresponding to the fore portion of the Sarcoptes scabiei 
(b, red arrow) usually found at the end of a burrow (blue 

arrow). Reflectance confocal microscopy shows Sarcoptes 
scabiei as an inhomogeneously refractive ovoid body (c, 
white circle) with hypo-refractive eggs (c, d, blue aster-
isk) and hyper-reflective droppings (c, d, yellow arrow). 
(Photographer: Elisa Cinotti, University Hospital of Santa 
Maria alle Scotte, Siena)
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Moreover, dead parasites can be identified not 
just because they do not move but also because 
they have a hyper-reflecting appearance, with 
blurred edges and homogenization of internal 
structures [11]. A recent study that compared the 
diagnostic accuracy of the sequence videoder-
moscopy followed by RCM and RCM followed 
by videodermoscopy for the diagnosis of scabies 
in 148 patients found that if the two devices are 
available, it is better to perform videodermos-
copy first, that is, more sensitive, and then RCM 
to confirm the diagnosis [24]. Videodermoscopy 
offers a larger field of view, whereas RCM has 
the capacity of being able to clearly differentiate 

living from dead parasites in case of posttreat-
ment follow-up. The parasitological confirmation 
of scabies is crucial for patients, environmental 
hygiene, and prevention measures. RCM is also 
suitable for pathophysiological studies, being 
able to reveal the exact localization of parasites, 
their eggs and droppings in the epidermis, and 
their activity over time. It even allows to count 
them [14].

Demodex mites are involved to play a patho-
genic role when they are present in excessive 
number and are implicated in several skin condi-
tions such as rosacea, demodecidosis, and pityri-
asis folliculorum [7, 15, 16, 18, 25, 26]. Until 

a

c d

b

Fig. 18.2 Remnant of a tick identified by clinical (a) and 
dermoscopical (b) examination is confirmed by reflec-
tance confocal microscopy (c, d) that can identify differ-
ent segments of the parasite such as the rostrum (c, yellow 

arrow) or a part of the body (d, red asterisk) inside a skin 
hole (red arrow). (Photographer: Elisa Cinotti, University 
Hospital of Santa Maria alle Scotte, Siena)
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now, the gold-standard diagnostic test to detect 
Demodex mites and confirm the diagnosis of 
related dermatitis has been the standardized 
superficial skin biopsy (SSSB) technique, which 
utilizes cyanoacrylate glue on a glass slide to 
extract the content of facial hair follicles. 
Nevertheless, this technique may cause discom-
fort to the patient. RCM can identify all the mites 
directly on the skin, inside the follicle, reaching 
mites that are hidden inside the elongated and 
hyper-keratotic follicles and that would not be 
counted on SSSB [16, 27].

Demodex folliculorum is easy to be recog-
nized by RCM, lying upside down within the fol-
licular infundibulum and appearing as a small 
(5  μm in diameter) round body with a hyper- 
reflective contour, corresponding to the horizon-
tal section of the parasite, or as a lengthy 
cone-shaped structure when it met a little side-
ways [7, 8, 15] (Fig. 18.3). Multiple parasites are 
usually assembled within the same hair follicle. 
Demodex brevis has not been identified by the 
reflectance confocal microscope dedicated to 
dermatology [26]. However, Randon et  al. [28] 

have detected D. brevis with the help of the oph-
thalmologic reflectance confocal microscope: the 
parasite was seen at the very bottom of the folli-
cle or inside the meibomian glands meatus.

RCM has also been used to identify Pyemotes 
ventricosus, an ectoparasite of arthropod larvae 
invading furniture [19]. This parasite is responsi-
ble for a pruritic erythematous rash with maculo-
papules with a central microvesicle sometimes 
associated with lymphangitis. RCM showed an 
ovoid body of intermediate reflectance with mor-
phological features suggestive of P. ventricosus 
inside a cutaneous microvesicle of an infested 
patient [19]. However, the quality of the pub-
lished image does not allow confirming that the 
RCM image corresponds to this parasite.

Cutaneous leishmaniasis has also been 
observed under RCM [29, 30]: a dermal inflam-
matory infiltrate with multinucleated cells was 
visible. RCM could also study the anatomical 
details of some parasites that are visible to the 
naked eye, such as ticks and lice. Besides, RCM 
can be used to differentiate either the hypostome 
[21] or other tick body parts on the skin from a 
simple hemorrhagic crust or a traumatized hyper- 
pigmented skin lesion. Using RCM, we can also 
identify the skin hole caused by the sting of an 
insect by allowing to quickly differentiate insect 
bites from other inflammatory dermatoses [31].

18.3  Reflectance Confocal 
Microscopy and Superficial 
Mycosis

Conventional techniques to confirm the clinical 
diagnosis of superficial mycosis are direct light 
microscopic examination and fungal culture. The 
first can give false-negative results in case of low 
fungal load or sampling error, whereas the latter 
is time consuming. In vivo RMC has been 
recently used for the diagnosis of dermatophyto-
sis with the convenience of (1) being noninva-
sive, (2) requiring no skin sample for ex  vivo 
analysis, (3) being performed on the spot without 
any previous preparation, and (4) evaluating the 
whole lesion surface and not just the scales 
removed for a conventional ex vivo analysis.

Fig. 18.3 Under reflectance confocal microscopy, 
Demodex folliculorum appears as a small round body with 
a hyper-reflective contour (red arrow), corresponding to 
the horizontal section of the parasite. Multiple parasites 
are grouped within the same hair follicle. (Photographer: 
Elisa Cinotti, University Hospital of Santa Maria alle 
Scotte, Siena)
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Moreover, RCM can allow to confirm the diag-
nosis of dermatophytosis during the dermatologi-
cal consultation and to initiate an appropriate 
treatment without waiting for the conventional 
mycological examination [32–36]. Dermatophytes 
under RCM in the skin, the nail plate, and hairs 
appear as thin, high-reflective, and longitudinal 
structures with a serpentine shape [32, 37, 38] 
(Fig. 18.4).

The identification of fungi requires experience 
because fungi can be misdiagnosed for cell mem-
branes of keratinocytes and inversely. However, a 
better diagnostic accuracy of in vivo RCM than 
conventional microscopic examination has been 
found in a prospective trial on 50 toes suspicious 
of onychomycosis (sensitivity 79 vs. 74% and 
specificity 81 vs. 76%) [39] and in a trial on 55 
patients affected by tinea corporis (sensitivity 
89.1 vs. 80.0%) [40].

Recent studies confirmed the high specificity 
of RCM [33, 41] but underlined a lower sensitiv-
ity for both onychomycosis (52.9% of sensitivity 
in a series of 58 patients) [33] and skin dermato-
phytosis (64% of sensitivity in 22 patients with 
tinea manus and pedis; 83% of sensitivity in 23 
cases of tinea cruris) [41].

Our group recently demonstrated the possibil-
ity of RCM use to identify not only filaments but 
also conidia, which corresponds to roundish 
hyper-reflective bright structures [38]. The RCM 
aspect of yeasts in onychomycosis has been 
reported only by Arrese et  al. [42], while few 
cases of nail infestation by molds have been 
included in the series of Pharaon et al. [33], but 
no specific features are reported. In our experi-
ence, it is possible to identify Candida’s pseudo-
filaments and/or conidia on oral mucosa 
(Fig. 18.5) and nails.

18.4  Reflectance Confocal 
Microscopy and Cutaneous 
Bacterial Infections

Treponema pallidum has been described by RCM 
in cutaneous lesions of secondary syphilis [6, 43] 
as bright particles intermingled with keratino-
cytes. However, it is challenging to differentiate 
these particles from the hyper-reflective cell 
membranes of keratinocytes.

a b

Fig. 18.4 Dermatophytosis. Clinical aspect (a): erythem-
atous scaling annular plaques. Dermatophytes are easily 
identified under reflectance confocal microscopy (b) as 

thin, high-reflective, and longitudinal structures with a 
linear shape (red arrow). (Photographer: Elisa Cinotti, 
University Hospital of Santa Maria Alle Scotte, Siena)
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18.5  Reflectance Confocal 
Microscopy and Viral 
Infections

RCM has been used to identify the cytopathic 
effects of Herpes simplex and Varicella-zoster 
virus [3, 4] (Fig.  18.6) Molluscipoxvirus [5] 
(Fig. 18.7) and Parapoxvirus [44] in the skin. In 
the first two infections, RCM reveals the pres-
ence of intra-epidermal cavities with acantholytic 
cells admixed with pleomorphic large keratino-
cytes and multinucleated giant cells correspond-
ing to herpes virus-infected keratinocytes 
(Fig. 18.6a, b). In case of Molluscipoxvirus infec-
tion, RCM reveals a round, well-circumscribed 
lesion with central round cystic areas filled with 
brightly refractive material consisting in the char-
acteristic eosinophilic inclusion bodies (mollus-
cum bodies) of the histopathological examination 
[5] (Fig. 18.7b). The cutaneous lesions induced 
by these viruses are most often clinically typical, 
and they do not require any complementary 
investigation. Few cases are atypical, mostly in 

the case of a preexisting skin disease such as 
Darier’s disease and atopic dermatitis, or in 
immunocompromised patients, where the diag-
nosis requires investigations such as Tzanck 
cytodiagnosis, direct fluorescence assay, viral 
cultures, PCR, or histopathological examination. 
Compared with standard techniques, RCM has 
the benefits of being noninvasive and rapid and 
able to image the entire affected cutaneous sur-
face. Moreover, it can be useful for a noninvasive 
diagnosis in an early pre-vesicular stage. 
Physiological studies can also be performed, for 
example, to investigate the viral effects on a same 
location over time. In our experience, RCM could 
also be useful to identify intraepidermal vesicles 
and few ballooned cells in clinically atypical 
cases of hand, foot, and mouth disease due to 
coxsackievirus infection, but it was not possible 
to detect the cytopathic effect of human papillo-
mavirus in common warts with the characteristics 
of large vacuolated cells. We suppose that this 
aspect could be related to the marked hyperkera-
tosis and acanthosis that reduce the resolution of 

a b

Fig. 18.5 Clinical (a) and reflectance confocal micros-
copy (RCM, b) aspect of an oral mucosa Candida infec-
tion. RCM shows pseudofilaments (red arrow). 

(Photographer: Elisa Cinotti, University Hospital of Santa 
Maria Alle Scotte, Siena)

L. Provvidenziale et al.



191

RCM images in the underlying epidermal layers. 
However, papillomatosis of the filiform variants 
can be observed. Parapoxvirus (orf virus that 
causes contagious ecthyma) has also been 

described by RCM as numerous hyper-reflective 
roundish corps corresponding to viral inclusions 
in the keratinocytes of a pseudoepitheliomatous 
hyperplastic epidermis [44].

a b

Fig. 18.6 Reflectance confocal microscopy of herpes 
zoster (a, b): presence of pleomorphic large keratinocytes 
(yellow asterisk), intra-epidermal cavities (blue asterisk) 

with large acantholytic cells (red arrow). (Photographer: 
Elisa Cinotti, University Hospital of Santa Maria Alle 
Scotte, Siena)

a b

Fig. 18.7 Molluscum contagiosum: clinical (inset), der-
moscopic (a), and reflectance confocal microscopy (b) 
aspect. A central pit is visible under dermoscopy (a, blue 
arrow). Reflectance confocal microscopy (b) shows a 

round, well-circumscribed lesion with a central crater 
(green asterisk), large lobules (yellow asterisk) separated 
by fine septa (red arrow) and filled with roundish bodies. 
(Photographer: Elisa Cinotti, University Hospital of Siena)
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18.6  Reflectance Confocal 
Microscopy for the Diagnosis 
of Virus-Induced Neoplasia 
and Neuropathy

RCM could be used for an early diagnosis of 
vaginal intraepithelial neoplasia with cyto-
pathic effect induced by Human papillomavirus 
[31]. RCM has also been used for quantitative 
assessment of distal sensory polyneuropathy 
associated with human immunodeficiency virus 
due to measuring the density per mm2 of the 
Meissner corpuscles at the volar side of the 
hand and foot [45].

Contagion risk associated with RCM exami-
nation in case of a suspected infection or infesta-
tion, a disposable transparent film (for example, 
Visulin, Paul Hartmann AG, Germany) should be 
applied on the tip of the RCM camera [46]. If this 
film is not used, a decontamination of the tip of 
the camera should be performed with a dispos-
able virucidal, fungicidal, and bactericidal 
cleansing wipe (for example, Sani-Cloth Active, 
PDI, UK, or Alkotip, Servoprax, Germany). This 
wipe has no proved activity against parasites, but 
the mechanical cleaning action, repeatedly per-
formed on the smooth surface of the tip, allows 
their elimination.

18.7  Conclusions

In conclusion, in  vivo RCM can be used to 
reveal the cutaneous parasites (mainly Sarcoptes 
scabiei, Demodex folliculorum, and Ixodes) and 
fungi (mainly dermatophytes) and to identify 
the cytopathic effects associated with virus in 
real time, within a few minutes, without causing 
discomfort to the patient and without requiring 
any further equipment or laboratory devices. As 
RCM examination is rapid and performed by the 
dermatologist himself, it can be at once fol-
lowed by the prescription of the treatment dur-
ing a routine consultation. The cost of the 
machine is a limiting factor. However, for the 
dermatological centers where such a machine 
for the detection of skin tumors is already pres-
ent, infestations and infections are additional 
possible diagnostic applications. Being nonin-
vasive, RCM is also suitable for follow-up after 

therapy and for the study of physiology and 
pathogenesis with repeated examinations over 
time.
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In Vivo Reflectance Confocal 
Microscopy for Mucous 
Membranes

Elisa Cinotti, Diletta Fiorani, and Jean Luc Perrot

Recently, reflectance confocal microscopy 
(RCM) devices dedicated to the skin have been 
applied to perform “virtual biopsies” of the oral, 
genital, and ocular mucosa, sensitive areas where 
noninvasive imaging techniques are of high inter-
est in order to avoid surgical biopsies and exci-
sions that could have functional and esthetic 
consequences for the patient [1, 2]. Mucosa is 
different from skin because its epithelium is not 
keratinized; therefore, no stratum granulosum 
and corneum are present.

For this reason, mucosa is particularly suit-
able for RCM examination: its thin or absent 
cornified layer and its thin epithelium allow a 
deeper penetration of the laser than in the skin 
with the consequent possibility of exploring 
deeper tissue levels. Moreover, different from 
the skin, there are no hair follicles and the epi-
thelium–lamina propria junction is often flat-
tened. RCM is particularly helpful for the 
differential diagnosis between melanosis, the 
most common benign lesion of the mucosa his-
topathologically characterized by hyperpig-
mented keratinocytes, and melanoma, two 
entities that can have overlapping clinical and 

dermoscopic features [3–7]. RCM may also be 
helpful to identify the area to be biopsied in case 
of large or multifocal lesions and may be 
regarded as a complementary technique for non-
invasive assessment of treatment efficacy [8].

19.1  Normal Ocular Surface

RCM can be very useful not only in dermatology 
but also in ophthalmology since it allows an 
in vivo examination of the human cornea at the 
cellular level. Cornea is particularly suited to be 
explored by RCM because of its transparency. 
First RCM images of the human cornea had been 
taken in 1985 by Lemp and associates [9], and 
since then clinical applications of in vivo RCM 
expanded thanks to its total safety and noninva-
siveness. Two in vivo reflectance confocal micro-
scopes are available in ophthalmology: the 
confocal four-slit scanning confocal microscope 
(Nidek, Gamagori, Japan) and the laser scanning 
confocal microscope Heidelberg Retina 
Tomograph equipped with the Rockstock Cornea 
Module (Heidelberg Engineering GmbH, 
Heidelberg, Germany). However, these two 
devices cannot be used for the examination of the 
whole eye surface owing to the absence of 
handling.

Hand-held RCM dedicated to skin (Vivascope 
3000, Caliber, New York, distributed in Europe 
by MAVIG GmbH, Munchen, Germany) allows a 
better examination of the eye surface. It is very 
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manageable and permits to explore not only the 
cornea and the bulbar conjunctiva, but also the 
ciliar margin, the lacrimal punctum, the internal 
and external canthi, and both the surfaces of the 
eyelids comprising Meibomian glands [1, 2, 10–
12]. It is fundamental that patients avoid move-
ment to spare excessive pressure of the camera 
against the ocular surface. Before the examina-
tion, a topical anesthesia should be administered 
(e.g., oxybuprocaine hydrochloride 
1.6 mg/0.4 mL and tetracaine hydrochloride 1%) 
and applied in the lower conjunctival sac of the 
eye. A transparent ophthalmic gel (e.g., Gel larme 
Thea, Thea, Clermont-Ferrand, France) should 
be applied on the ocular region to be examined 
instead of using the oil normally employed for 
skin examination.

The aspect of the conjunctiva is similar to the 
skin under RCM. It shows a stratified squamous 
epithelium formed by polygonal medium-sized 
cells with hyper-reflective borders, hyporeflec-
tive cytoplasm, and medium reflective round 
nucleus that is similar to the honeycombed pat-
tern of the normal skin. The epithelial–stromal 
junction appears flat. The stroma (lamina pro-
pria) shows vessels and collagen fibers that are 
thinner than those of skin dermis [13]. Differently 
from the skin, conjunctival epithelium is not 
keratinized [3, 13].

19.2  Conjunctival Tumors

The highest refractivity observed by RCM is 
shown by melanin, contained in melanosomes, 
melanocytes, melanophages, and pigmented 
keratinocytes, followed by structures containing 
keratin [14]. Therefore, RCM represents a useful 
diagnostic tool for helping the clinical diagnosis 
of pigmented and keratinizing conjunctival 
tumors that is often challenging [15–18].

Nevi are the most common pigmented con-
junctival tumors and are characterized by the 
presence of junctional and/or stromal nests of 
monomorphic medium-sized roundish hyper- 
reflective cells with the absence of pagetoid cells, 
atypical cells at the epithelium–stromal junction 
and altered architecture of the epithelial layers 

[19, 20]. More than 50% of conjunctival nevi 
contain micro-cysts partly filled with monomor-
phous material and are called conjunctival epi-
thelial cystic nevus [21].

Pigmented acquired melanosis (PAM) repre-
sents 20% of conjunctival pigmented tumors 
[22]. It usually affects middle-aged people and is 
usually unilateral. Typical features in RCM are 
hyper-reflective cells confined to the basal layer 
of epithelium and small intraepithelial dendritic 
cells (<20 μm) [23, 24]. In PAM with atypia (the 
counterpart of melanoma in situ in ophthalmol-
ogy), it is possible to observe large dendritic cells 
(>20 μm) throughout the epithelium [19].

Melanoma is characterized by the presence of 
large dendritic or roundish cells (pagetoid spread) 
in the epithelium that appears disarranged and by 
atypical cells at the epithelial–stromal junction 
and in the stroma [19, 25].

Also basal cell carcinoma, squamous cell 
carcinoma, and lymphoma of eyelid margin and 
conjunctiva have been described under RCM 
with criteria similar to the cutaneous counter-
parts [19]. However dilated vessels, that in nor-
mal skin can be suggestive of malignancy, are 
less specific in conjunctiva; moreover inflam-
matory cells could be easily found and are con-
founders [2].

Differently from the skin, in conjunctival 
lesions, it is possible to identify in a more accu-
rate way the localization of tumor cells in the ver-
tical axis because ocular surface is convex, and 
consequently vertical sections can be acquired 
with RCM [1]. Moreover, RCM is extremely 
helpful for the follow-up of patients with ocular 
melanoma in order to identify a disease recur-
rence in an early phase [11, 26].

19.3  Healthy Oral Mucosa

Four layers can be distinguished in oral mucosa, 
and each of them can present different features 
according to the location (lining mucosa, masti-
catory mucosa, and specialized mucosa) [27, 28].

In lining mucosa (lip, cheek and ventral 
tongue), we can observe the following 
characteristics:

E. Cinotti et al.
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• The spinous layer: It is constituted by large cells 
delimited by thin, bright borders with a round-
ish bright structure in the center (the nucleolus) 
surrounded by a darker halo that has been inter-
preted as the nucleus. A grainy dark to grayish 
cytoplasm can be observed [27]. Passing from 
the superficial layer to deeper layers, the nucleus 
and the borders are less visible.

• The epithelium–lamina propria interface: 
Keratinocytes acquire ellipsoidal more elon-
gated shape with a cytoplasm that becomes 
darker. Only bright borders are visible, neither 
nucleoli nor grainy grayish cytoplasm is 
observed. This pattern corresponds to the so- 
called frosted glass-like structure, with polyg-
onal cells of different dimensions connected 
by thin bright outline [27, 29]. It is different 
from the honeycombed pattern of the normal 
skin because in this last case hexagonal and 
more regular borders can be appreciated.

• The lamina propria: It contains horizontally 
oriented vessels with small bright cells 
(erythrocytes) inside them. When visible, 
papillae of the lamina propria have a round to 
oval shape and are surrounded by keratino-
cytes [27, 29, 30].

• The submucosa is clearly visible only in the 
lining mucosa where horizontally oriented 
vessels can be seen.

In masticatory gingival mucosa, the superfi-
cial layer is bright, and no individual cells and 
organelles are identifiable [27]. Individual kerati-
nocytes with a bright contour and a grainy cyto-
plasm become recognizable at deeper layers of 
the stratum spinosum where also papillae can be 
already observed because of the high epithelium–
lamina propria interdigitations. The gingival sub-
mucosa cannot be clearly imaged owing to the 
keratinization.

In specialized mucosa (dorsal tongue and 
tongue margins) superficial layer shows filiform 
and fungiform papillae. Filiform papillae are 
elongated and flexible and are characterized by a 
stromal central axis and peripheral epithelium. 
Fungiform papillae appear as islands of tissue 
separated by a dark cleft from the stroma [31]. 
Taste buds can be visualized if RCM is pressed 
on the tongue, and they show large fusiform cells 

with a hyper-reflective nucleolus surrounded by a 
dark halo corresponding to the nucleus [32].

At the lamina propria, the connective tissue 
papillae increased their diameter preserving a 
constant density; keratinocytes maintained their 
bright cellular contours. Submucosa could not be 
visualized because of the thickness of the 
epithelium.

19.4  Oral Tumors

RCM represents an adjunct tool for the diagnosis 
of pigmented lesions of the oral mucosa in which 
tissue preservation is fundamental.

Melanosis (or melanotic macule) versus mela-
noma. Melanosis is the most frequent lesion of 
the oral mucosa and is due to increase in melanin 
in the basal layer of the epithelium with a conse-
quent hyperpigmentation of basal keratinocytes, 
a normal or slightly higher number of melano-
cytes, and a possible increased number of mela-
nophages. Although oral melanoma is a rare 
malignancy, its differential diagnosis with mela-
nosis is of paramount importance due to its poor 
prognosis [33].

At RCM examination, melanosis shows a reg-
ular epidermal architecture with a regular honey-
combed pattern. On the contrary, a disarranged 
honeycombed pattern is observed in melanoma 
[34]. Melanoma shows hyper-reflective pagetoid 
cells in the epithelium that are usually different in 
shape (roundish or dendritic) and size [5, 35]. A 
little percentage of melanosis shows pagetoid 
cells too, but in these cases, they usually have a 
dendritic shape, and they are usually located 
around papillae in the basal layer of the epithe-
lium, without involving superficial layers of epi-
thelium, and only in a little percentage of cases, 
they are located in the interpapillary spaces [2, 
5]. These cells mainly correspond to Langerhans 
cells and in a minor extent to activated 
 melanocytes and can have the same RCM aspect 
of malignant melanocytes of melanoma. At the 
epithelium–lamina propria junction, regularly 
distributed roundish (ringed pattern) or elongated 
(draped pattern) or polycyclic papillae rimmed 
by monomorphous hyper-reflective cells are 
observed in melanosis [36] (Fig. 20.1).
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b

Fig. 20.1 Labial melanosis: clinical (a), dermoscopic 
(b), and reflectance confocal microscopy (c) images. 
Reflectance confocal microscopy (c) shows roundish (red 
asterisk) and elongated (yellow asterisk) papillae sur-

rounded by pigmented keratinocytes. Numerous dendritic 
cells with short and thin dendrites can also be observed 
around the papillae (red arrow)
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Melanoma shows non-evenly distributed 
papillae in an atypical ring or draped pattern or in 
a nonspecific pattern. Atypical roundish or den-
dritic cells around non-edged irregular papillae 
are specific features of melanoma especially 
when they are abundant. These atypical cells can 
also be observed in the interpapillary spaces [5].

19.5  Healthy Genital Mucosa

The epithelium of genital mucosa shows a honey-
combed pattern similar to the oral mucosa with 
characteristic clearly visible nucleoli (Fig. 20.2). 
At the epithelium–chorion junction, edge papil-
lae are less visible than in the skin because of the 
flattening of the junction. However, when papil-
lae are visible, they are grouped in small clusters, 
and they can be round (ring pattern), elongated 
(draped pattern), or polycyclic, and they are 
rimmed by monomorphous hyper-reflective cells 
[7]. In many areas, interpapillary spaces are large 
because of the presence of large rete-ridges. 
Some isolated hyper-reflective dendritic cells can 
be observed around the papillae [7]. Dendritic or 
roundish cells are usually not visible in the super-
ficial layers of the normal epithelium [2].

The lamina propria is characterized by hyper- 
reflecting bundles of collagen fibers as in the der-
mal layer of the skin. Capillaries are better seen 
than in the skin due to the lack of stratum cor-
neum. They could be horizontal or vertical. When 
papillae are present, capillaries are vertical, and 
their horizontal sections can be appreciated inside 
the papillae as dark roundish areas. In some 
cases, especially on the glans, capillaries can be 
vermicular. Small hyper-reflecting cells corre-
sponding to blood cells moving inside blood ves-
sels can be easily observed.

19.6  Genital Tumors

Melanosis of genitalia may show clinical features 
that overlap with melanoma such as asymmetry, 
variegated pigmentation from light to dark 
brown, irregular borders, multifocality, and large 
size. Under RCM, genital melanosis has the same 
aspect as oral melanosis with papillae that are 
rimmed by monomorphous hyper-reflective cells 
that correspond to hyperpigmented keratinocytes 
of the basal layer of the epithelium (Fig. 20.3). At 
the epithelium–chorion junction papillae can be 
round or polycyclic (ring pattern) or elongated 
(draped pattern). Sometimes it is possible to find 
rare dendritic bright cells (corresponding to 
Langerhans cells and few melanocytes) around 
the papillae [5, 7].

Melanoma of the genital area shows typical 
features of cutaneous melanoma: a disarranged 
pattern of the epithelium (Fig. 20.4), presence of 
pagetoid melanocytes (Fig. 20.4), loss of the nor-
mal chorion papillae architecture (Fig. 20.4) and 
abundant atypical cells in sheet-like structures in 
the chorion in case of invasive tumors [1, 5]. 
When located in the epithelium–chorion junc-
tion, neoplastic melanocytes appear as large 
hyper-reflective cells that destroy the architecture 
of the papillae that are not rimmed anymore.

In genital melanoma in situ, visible neoplastic 
melanocytes at RCM can be few both in the epi-
thelium and at the epithelium–chorion junction, 
and the diagnosis can be challenging. On the con-
trary, in case of invasive melanoma, neoplastic 

Fig. 20.2 Epithelium of genital mucosa: reflectance con-
focal microscopy shows the characteristic clearly visible 
nucleoli of the keratinocytes (red arrow)
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Fig. 20.3 Vulvar melanosis: clinical (a), dermoscopic 
(b), and reflectance confocal image (c). Reflectance con-
focal microscopy shows a ring pattern characterized by 

edged papillae (red asterisk) surrounded by hyper- 
refractive keratinocytes
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melanocytes are usually numerous in the epithe-
lium and form sheet-like structures (atypical 
melanocytic proliferation in single units) that 
obscure papillae.

Genital melanosis and melanoma are often 
multifocal, and RCM allows exploring the entire 
lesions, helping the clinician to identify the most 
significant area to be biopsied.

Genital nevi show the same characteristics 
observed in the skin (Fig. 20.5). One exception is 
represented by genital atypical nevus [37], a 

benign lesion that can mimic melanoma clini-
cally and histologically. It is characterized by 
large discohesive junctional nests, possible mild 
cytological atypia, pagetoid spread, and 
 inflammation that make difficult the differential 
diagnosis with melanoma [38]. Despite its atypi-
cal histologic features, there is no evidence of 
malignant transformation [39, 40]. RCM exami-
nation of atypical genital nevus shows round 
large roundish hyper-reflective melanocytes and 
large confluent dyshesive nests. A lichenoid infil-

a

c d

b

Fig. 20.4 Melanoma of the genital area: clinical (a), der-
moscopic (b), and reflectance confocal microscopy (c, d) 
images. Reflectance confocal microscopy shows a disar-
ranged pattern of the epithelium (c) with pagetoid round-
ish (c, yellow arrow) and dendritic (c, green arrow) 

melanocytes and a proliferation of atypical roundish (d, 
yellow arrow) and dendritic (d, green arrow) melanocytes 
at the epithelium–chorion junction that destroy the normal 
chorion papillae architecture (d)
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trate at the junction can also be observed [37, 41]. 
Since atypical genital nevus cannot be easily dis-
tinguished from melanoma, it is reasonable to 
biopsy all cases presenting atypical RCM 
features.
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Ex Vivo Confocal Microscopy

Caterina Longo

20.1  Introduction

While the vast majority of basal cell carcinomas 
(BCCs) can be effectively managed on the basis 
of clinical examination, in some instances further 
imaging are needed for optimal management. In 
particular the need of imaging for BCC can be 
readily summarized by the following points: (1) 
diagnosing with high diagnostic accuracy a given 
BCC; (2) subtyping a BCC into superficial versus 
non-superficial forms; (3) defining tumor mar-
gins in Mohs setting.

In the field of novel diagnostic imaging tools, 
confocal microscopy has been claimed in the last 
decades as the new revolutionary pivotal instru-
ment for skin cancer diagnosis.

Basically, confocal microscopes can work 
with two different modalities: in reflectance 
mode and in fluorescence mode. The confocal 
microscope in reflectance mode (RCM) is used 
in vivo at patient’s bedside for the diagnosis of 
BCC and further histologic subtyping.

Instead, the confocal microscope used in fluo-
rescence mode (FCM) is a tool that can be applied 
in ex vivo setting on freshly excised specimens 

during Mohs surgery. FCM uses agents several 
fluorophores as fluorescent among which acri-
dine orange is one of the most commonly used in 
Mohs setting for epithelial cancer [1, 2].

Micrographic Mohs surgery is a precise and 
complete excision of a skin cancer that is guided 
by the examination of margins with frozen histo-
pathology during surgery. It has been developed 
several years ago, and it is still applied in clinical 
dermatologic setting especially for some cancers 
such as BCC and squamous cell carcinoma 
(SCC).

However, this technique has some drawbacks: 
the preparation of histopathology, however, is 
labor intensive and time consuming, and multiple 
serial excisions are often necessary to achieve 
cancer-free margins, with frozen tissue prepara-
tion requiring 20–45 min for each excision, and 
furthermore there are cost-related issues.

FCM has been introduced in clinical setting in 
the last decades as a revolutionary tool capable to 
offer a quasi-histologic view of a given skin 
tumor in few minutes.

20.2  Standard Operating 
Procedure of FCM

Ex vivo fluorescence confocal microscopy 
(FCM) is used on freshly excised tumors in the 
operating room. Different fluorophores such as 
Fluorescein, Nile blue, Patent blue, Methylene 
blue, and acridine orange can be used at different 
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wavelength. However, acridine orange is one of 
the commonly used for its capability to provide 
an excellent contrast. Confocal mosaics are 
acquired using an ex vivo fluorescence confocal 
microscope (Vivascope®2500, Mavig, Munich, 
Germany). The laser illumination wavelength is 
488 nm. The depth is manually adjusted to image 
the surface. Imaging is with a 30×, 0.9 numerical 
aperture water immersion lens which provides 
optical sectioning of ~1.5 microns and resolution 
of ~0.4  microns at the 488  nm wavelength. 
Acridine orange (0.6 milliMolar, 10–20 s) is used 
as the contrast agent.

Briefly, each margin of a given tumor is 
stained separately in a 0.6 mM solution of acri-
dine orange dye for 10–20  s and subsequently 
sandwiched between two glass slides, keeping 
the “tissue orientation.” The slides were then 
fixed with silicon glue and positioned onto the 
platform of the inverted microscope. FCM pro-
vides an excellent correlation on high-resolution 
gray scale bitmap images with conventional fro-
zen sections. Furthermore, it holds the great 
advantage of fat tissue preservation and other 
structures that might be otherwise affected by tis-
sue processing in Mohs surgery. After FCM 
imaging, the tissue can be routinely processed for 
conventional or frozen pathology.

20.3  Ex Vivo Applications of FCM

20.3.1  Basal Cell Carcinoma

Specific FCM BCC criteria have been described 
and correlated with the conventional histopatho-
logic findings [3–18]. Basically, FCM criteria 
include the presence of: (1) Fluorescence. 
Fluorescence corresponds to nucleated cells 
stained with acridine orange. Area of higher fluo-
rescence consistently showed nuclear morphol-
ogy compared with a darker appearing background 
of dermis; fluorescence is typically seen as form-
ing structures/aggregates (i.e., tumor islands); (2) 
Tumor demarcation. Outline of tumor profile; (3) 
Nuclear crowding. Nuclear crowding was deter-
mined when the nuclear density was higher than 
that of the surrounding epidermis and adnexal 

structures; (4) Peripheral palisading. Palisading 
is described by the tendency of basal cells to be 
arranged in a parallel- polarized way along the 
periphery of the BCC tumor. This is seen mainly 
in nodular subtypes of BCCs; (5) Clefting. 
Hypofluorescent dark- appearing space surround-
ing basaloid islands; it partially outlines the 
islands in micronodular and infiltrative subtypes 
of BCCs, whereas it is more evident in superficial 
and nodular tumors; (6) Nuclear pleomorphism. 
Nuclear pleomorphism is a deviation from the 
normal round or oval shapes of nuclei present in 
normal keratinocytes; (7) Increased nucleus : cyto-
plasm ratio. BCC nests are seen as crowded 
roundish masses of elongated heterogeneous 
nuclei with poor or absent cytoplasm; (8) Stroma. 
Tumoral stroma is the modified dermis surround-
ing the BCC nests appearing as dark background 
with fluorescent dots and filaments corresponding 
to fibroblasts, collagen fibers, and inflammatory 
infiltrate (Figs. 20.1, 20.2).

Furthermore, distinct BCC subtypes reveal 
specific morphologic aspects. In fact, superficial 
BCCs show a proliferation of atypical basaloid 
cells that form an axis parallel to the epidermal 
surface, are extensions from the dermal–epider-
mal junction, and demonstrate slit-like retraction 
of the palisaded basal cells from the subjacent 
stroma (cleft-like spaces). Nodular BCCs are 
typified by small to large nodules with peripheral 
palisading and clefting, whereas the  micronodular 
subtype reveals monotonous small rounded and 
sharply demarcated islands with roughly the 

Fig. 20.1 FCM imaging of a BCC. On the whole archi-
tecture, it is possible to observe fluorescent basaloid 
tumoral islands

C. Longo
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same shape and contour. Infiltrative BCCs are the 
most challenging tumors to be identified. 
Typically, they appear as columns and cords of 
basaloid cells one to two cells thick with sharp 
angulation, enmeshed in a densely collagenized 
stroma. To further complicate the matter, palisad-
ing and clefting are rarely identifiable.

Although it is a relatively new imaging tool 
applied in clinical practice, several studies have 
been conducted to assess the value of FCM for 
BCC margin assessment. A study conducted by 
Bennassar et  al. on 80 BCCs using these FCM 
criteria demonstrated an overall sensitivity and 
specificity of detecting residual BCC of 88 and 
99%, respectively [14]. An additional advantage 
of FCM is the reduction of the time invested in 
Mohs surgery setting when compared to the con-
ventional processing of frozen sections, account-
ing for almost two thirds [15]. Reading and 
interpreting FCM images are not easy in all cases 
since several diagnostic pitfalls may occur [16]. 
In particular, it could be challenging to distin-
guish tiny and angulated cords and strands of 
fluorescent cells typically found in infiltrative 
BCCs from the surrounding stroma. Another pos-
sible challenging situation is due to the presence 
of several sebaceous glands that might resemble 
BCC islands at first glance [16]. Recently, Longo 

et al. demonstrated a high diagnostic accuracy of 
FCM demonstrated on a large data set of 753 
specimens that FCM is a valid imaging tool to 
assess BCC margins in Mohs surgery with high 
diagnostic accuracy when compared to frozen 
sections. When evaluating the performance of 
FCM as compared to frozen sections 79.8% sen-
sitivity, 95.8% specificity, 80.5% positive pre-
dicting, and 95.7% negative predicting values 
were found (area under the curve: 0.88, 95% CI 
0.84–0.92; P < 0.001) [18].

20.3.2  Squamous Cell Carcinoma

Few preliminary reports describe the feasibility 
of FCM for SCC diagnosis and margin assess-
ment. Longo et al. [19] defined the FCM criteria 
to grade SCC tumors. This pilot study demon-
strated that the presence of well-defined tumor 
silhouette, numerous keratin pearls, keratin for-
mation, and scarce nuclear pleomorphism on 
FCM images were correlated with the diagnosis 
of well-differentiated SCC.  Conversely, an ill- 
defined tumor silhouette, paucity, or absence of 
keratin pearls as well as marked nuclear pleomor-
phism was observed in poorly differentiated 
tumors. SCCs that were moderately differenti-
ated revealed an intermediate pattern of growth 
with the presence of keratin formation [19].

20.4  Other Tumors

FCM has been used to assess the margins during 
Mohs surgery of eccrine syringomatous carci-
noma [20]. On FCM, the tumor appears highly 
fluorescent. Epidermis is spared of any neoplastic 
proliferation while neoplastic cords of monomor-
phous fluorescent cells can be seen in the dermis. 
Those structures are similar to eccrine gland 
tubular structure [20].

20.5  Conclusions

The use of FCM in ex vivo Mohs setting holds 
the promise to change radically the current 
approach new device permits to have a digital 

Fig. 20.2 High-resolution FCM imaging of a 
BCC. Highly fluorescent tumor islands are seen in the der-
mis with infiltrative pattern of growth

20 Ex Vivo Confocal Microscopy
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staining (Fig.  20.3) that resemble the H&E- 
stained sections of conventional histopathology. 
This could be a further step for the use of FCM in 
pathology laboratories and general surgery that 
are more familiar with histology rather than FCM 
or other imaging devices.

Future development of technology and under-
standing of the training process will definitely 
implement the use of confocal microscopy in 
clinical setting.
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Ultrasound

Linda Tognetti, Flavio Giulio Liso, 
Gianluca Nazzaro, Luca Provvidenziale, 
Enresto De Piano, Andrea Carraro, 
and Jean Luc Perrot

21.1  Ultrasound for Skin Imaging

Ultrasound (US) imaging is an essential instru-
ment for most medical specialties for its versatil-
ity, painless, lack of risk, noninvasiveness. In the 
field of dermatology, machines that work with 
high and variable-frequency probes can view 
changes within superficial structures of the skin. 
Furthermore, blood flow can be estimated with 
color Doppler use. These tools combined with 
clinical examination can support diagnosis and 
management in a wide range of skin disorders, 
such as skin cancer, benign process, some 
inflammatory, and infectious cutaneous diseases 
[1, 2]. Reflection of the ultrasonic waves from 

the tissues with different acoustic properties is 
the basis for ultrasound imaging of the skin. 
Ultrasonic waves are generated by a probe main-
tained in direct contact with the patient’s skin 
with the interposition of a gel (which eliminates 
the air interposed between probe and patient’s 
skin, allowing ultrasound to penetrate the ana-
tomical segment examined); the same probe is 
able to collect the signal of return, which is 
appropriately processed by a computer and pre-
sented on a monitor for the transduction of sound 
waves into visual images. Two-dimensional US, 
B-mode scanning, the method of choice in der-
matology, translates the reflected waves into 
“brightness” values on a gray scale and provides 
an ecotomographic image of the echoes coming 
from the structures under examination. For der-
matologic applications, US frequencies range 
from 7.5 to 100 MHz [2]. The most suitable fre-
quency is chosen considering that higher 
 frequencies have greater resolving power of the 
image, but less depth of penetration into the sub-
ject. High frequency from 50 to 100 MHz probes 
can analyze only the epidermal layer, high fre-
quency 20 MHz probes can reach about 10 mm 
(epidermis and dermis), medium frequency 
(MFUS) probes from 10 to 7.5 MHz can reach 
4–5 cm of depth with visualization of subcutis 
and lymphnodes [1]. High-resolution US 
(HFUS) 20–100  MHz,  sacrificing the depth  
of tissue penetration for more detailed superfi-
cial pictures, is now recommended for US 
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 application in dermatology. The healthy skin is 
divided into three layers: epidermis—highly 
echogenic band, dermis—heterogeneous sig-
nals, and the subcutaneous tissue—an anechoic 
or low echogenicity layer mixed with hyper-
echoic fibrous septa; superficial fascia also has 
reflection [2] (Fig. 21.1).

21.2  US in General and Geriatric 
Dermatology

HFUS associated with the clinical examination 
provides useful details about size, relationship 
with other anatomical structures, and vascular-
ization. Information such as skin thickness and 
density measurement can allow an objective 
assessment of skin neoformations/foreign bodies 
(Fig. 21.2), including [3]:

• Epidermal cyst: cavity surrounded by epithe-
lium of epidermal derivation and filled with 
keratin. Clinically it is an elevated or embed-
ded node, located in the dermis or subcutis, of 
pasty consistency, often connected to the skin 

a b
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Fig. 21.1 HFUS 20  MHz: healthy skin (40  years, F, 
thigh) (a) and contralateral localized scleroderma patch, 
increased dermal thickness, and hyperechogenicity (b); 
healthy skin and subcutaneous tissue (33 years, M, thigh) 
(c); contralateral EF lesion late stage, sclerotic external 
muscularis fascia (emf) generating double hyperechoic 
bands (railway track sign). HFUS 70 MHz: healthy skin 

(60  years, F, breast) (d); contralateral post-radiotherapy 
sclerodermic patch with 3  mm dermal thickness (e); 
healthy skin (50 years, M, forearm) and contralateral EF 
lesion, early sclerotic phase, with increased thickness of 
inflamed dermal layer and of external muscularis fascia 
generating multiple echos (f); binary track signs (g)

Fig. 21.2 Polarized dermoscopy (20×) of a linear foreign 
body (a) and corresponding HFUS 70  MHz (b): linear 
hypoechoic area localized in the deep papillary dermis 
and upper reticular dermis, generating a posterior echo

L. Tognetti et al.
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surface by a small orifice. HFUS shows a 
well-defined, round-shaped hypoechoic struc-
ture located in the dermis and hypodermis 
with a posterior acoustic reinforcement arti-
fact (Fig.  21.3) [1]. Color Doppler US can 
show increased vascularity in the periphery of 
the cyst as a sign of inflammation.

• Pilomatrixoma/calcifying epithelioma of 
Malherbe: derives from hair follicle matrix. 
On HFUS, it has a target appearance with 
hyperechoic center corresponding to calcifica-
tion and a hypoechoic rim [4].

• Dermatofibroma: benign proliferation of con-
nective tissue whose origin is a reaction to 
trauma or insect bites or directly neoplastic. 
Clinically is a raised lesion of hard consis-
tency and red brownish color. HFUS shows an 
ill-defined dermo-hypodermic lesion, of hypo- 
echoic heterogeneous appearance. Often there 
is distortion of the regional hair follicles. 
Power Doppler sometimes shows slightly 
increased vascularity within the lesion [1].

• Lipoma: of adipose origin, with over or under 
fascia localization. Clinically it is a node of 
round shape, often lobulated, soft-elastic con-
sistency, easily compressible, covered by nor-
mal skin. HFUS demonstrates oval shape, 
moderately hyperechoic/echogenicity identi-
cal to subcutaneous tissue lesion with no per-
fusion in Doppler mode [3].

• Hemangioma: composed of endothelial prolif-
erations, it is the most frequent soft tissue 

tumor of infancy. Clinically, it presents two 
phases: a fast growth after birth and for the 
first 1–2  years and a slow regression period 
that usually lasts for 4–5 years. In the prolif-
erative phase, it shows a heterogeneous US 
pattern with prominent hypoechoic areas cor-
responding to the most proliferative zones and 
hyperechoic areas that represent an initial 
involution fibrotic part [1].

• Seborrheic keratoses: of epidermal origin, 
superficial, and well-delimited papule with a 
finely granular, greasy, and hyperkeratotic 
surface. HFUS shows the epidermal “entry 
echo” and under a hypoechoic, heterogeneous 
lesion that compresses the underlying dermis.

21.3  US for Skin Tumors

HFUS provides valuable information about the 
tumor characteristics such as size (lateral exten-
sion and depth), shape, consistency, and vascu-
larity before invasive skin biopsy or surgery is 
planned. HFUS is also able to detect local recur-
rence during postoperative follow-up or monitor 
skin metastases during chemotherapy [5]. In 
general, malignant neoplasms appear as 
hypoechoic to mixed echogenic focal lesions [1, 
5]. The Doppler examination is fundamental for 
the identification of vascular component and 
consequent discrimination between benign and 
malignant tumors, more intensely vascularized 
(Fig. 21.4) [6, 7].

A series of skin tumors with peculiar echo-
graphic aspects have been described [1, 6, 7], 
including:

• Basal cell carcinoma (BCC): tends to show as 
well-defined, oval-shaped, hypoechoic lesions 
that often present hyperechoic spots. Increased 
low flow vascularity is commonly detected 
within or surrounding the tumor. The pig-
mented and nodular lesions show a thickened, 
hyperechoic entry echo with posterior acous-
tic shadowing. Two US artifacts have been 
reported: the “angles at the bottom” (produced 
by significant inflammation due to dilated ves-
sels and giant cells which can produce a 

Fig. 21.3 HFUS 70 MHz evaluation of a nipple epider-
mal cyst in a 45-year-old male: double hyperechoic signal 
generated by a hyperkeratotic epidermal layer covering an 
homogenously hyperechoic mass localized at dermal–epi-
dermal junction and associated posterior echo
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hypoechoic angled band at the bottom of the 
lesion) and the “blurry tumor” (caused by 
extensive hyperplasia of sebaceous glands 
which generate blurriness or almost isoecho-
genicity of the lesion with the surrounding tis-
sue) [6–8].

• Squamous cell carcinoma (SCC): according to 
the frequency employed, SCC may appear as 
well-defined or irregular hypoechoic lesions 
with/without focal hyperechoic spots. Also, 
tumor hypervascularity with low-flow vessels 
may be detected.

• Melanomas: tend to show defined, fusiform 
hypoechoic lesions characterized by promi-
nent vascularity, with/without focal hyper-
echoic spots associated. HFUS can 
discriminate between melanomas that mea-
sure < or >1 mm (depth), which is important 
for deciding on the performance of a sentinel 
node procedure. Also, HFUS allows us to 
detect satellite, in-transit, or nodal metastases. 
The vascular density in melanoma has been 

correlated with the metastatic potential, and 
neovascularization has been reported as a 
prognostic factor for metastasis equivalent to 
the Breslow index [9].

• Lymph nodes involvement: Though in normal 
conditions lymph nodes cannot be distin-
guished from the neighboring tissues, when 
inflammation/metastatic process occurs, their 
acoustic impedance increase: a “reactive” 
lymph node is generally oval in shape, with 
hypoechogenic periphery and hyperechogenic 
centers, and is <3  mm in size. Conversely a 
tumoral lymph node has a diameter of over 
1 cm, is hypoechogenic, spherical, or irregular 
in shape. HFUS should be performed for the 
preoperative and postoperative assessment of 
peripheral lymph nodes; thus, it also has prog-
nostic value in some cases. Doppler examina-
tion is crucial for the detection of small 
hypoechogenic metastases <3 mm located in 
the marginal hypoechogenic area of a reactive 
lymph node [10].

a

d e f

b c

Fig. 21.4 Clinical appearance of a nodular melanoma on 
the back of a 76-year-old male (a); HFUS 70 MHz shows 
alteration and disruption of the epidermal layer architec-
ture, underlying hyperechoic dishomogeneous dermal 
layer due to the dense tumor infiltrate and multiple 
hypoechoic roundish areas corresponding to tumor nests; 
in the reticular dermis, hyperechogenic homogenous bun-
dles are visible, corresponding to tumor-reactive fibrotic 

stroma (b). Color Doppler examination reveals an abnor-
mally increased arterial vascular flow (c). Pigmented 
basal cell carcinoma in a 86-year-old female on the leg 
(d): HFUS 70 MHz performed over the central nodular 
portion of the lesion shows thickened hypoechoic areas 
with sparse roundish nests (on the right) filled with large 
globular cells (e); arterial vascular flow is increased and 
abnormal on color Doppler examination (f)
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21.4  US in Dermosurgery

Imaging technologies are now commonly used 
in the planning of surgical reconstructions, 
especially for perforator flaps. MFUS (10–
15 MHz) represents the most used in the evalu-
ation of superficial vessels, with the adjustment 
of the pulse repetition frequency for velocities 
of 5–45 cm/s [11]. Color Doppler ultrasonogra-
phy allows to identify the perforator close to the 
defect and therefore to plan a flap with the 
smallest arc of transposition and a lower risk of 
complications [12]. In facial reconstructions, 
the rich superficial vascularization often allows 
to identify perforating vessels without the aid of 
ultrasound probes. Doppler is however often 
used for the common paramedian line forehead 
flaps, as well as in the planning of the supra-
trochlear artery axial propeller flaps, which, dif-
ferently from the previous ones, allows the 
execution of the intervention in a single opera-
tive stage using the same artery (supratrochlear 
artery) [13, 14]. The lateral nasal artery branches 
from the facial artery at the nasolabial sulcus 
level, identified by Doppler, allow the creation 
of flaps for the reconstruction of defects of the 
ala nasi [14].

21.5  US for Infective Dermatoses

MFUS is widely used for the differential diagno-
sis among abscesses, cellulitis, and hematomas. 
It has high accuracy (96%) and is easy to find in 
all emergency medicine departments [15]. The 
cobblestone appearance is a common finding in 
cellulitis and is seen as hypoechoic strands in the 
subcutaneous tissue caused by the swelling. Of 
converse, abscesses usually appear as spherical 
or elliptical hypoechoic masses surrounded by 
edema (Fig. 21.5a). Abscessual or necrotic areas 
of the leg can develop within large long-standing 
hematomas which are defined by hypoechoic 
areas surrounded by hyperechoic strands due to 
vascular and fibrotic components (Fig.  21.5b). 
US is also useful to differentiate abscess of the 
extremities from liquefied gouty tophi [16]. 
Furthermore, large skin parasites can be detected 
by HFUS (Fig. 21.6).

a

b

Fig. 21.5 HFUS 70 MHz: definition of a necrotic area 
developed within a large long-standing hematoma 
(62 years, F, leg) (a) and of an abscess developed within 
an area of cellulitis (53 years, F, thigh) (b)

Fig. 21.6 HFUS 20  MHz of a palpable burrow of the 
heal of a 31-years old male: homogeneoulsy hyperechoic 
cylindrical mass generating a posterior echo, supporting 
the diagnosis of Larva migrans parasitosis
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21.6  US for Hidradenitis 
Suppurativa and  
Autoinflammatory Diseases

The diagnosis of hidradenitis suppurativa (HS), a 
chronic recurrent inflammatory disease charac-
terized by painful nodules, abscesses, and sinus 
tracts in the apocrine gland-bearing areas, is 
based on the association of clinical and sono-
graphic features [17]. Indeed, US demonstrated 
to be more sensitive than clinical palpation for 
diagnosing HS lesions [18]. Moreover, the 
response to therapy may be evaluated with Power 
Doppler as vascularization is the earliest param-
eter reducing with therapy [19]. US criteria 
include widening of the hair follicles; thickening 
or abnormal echogenicity of the dermis; dermal 
pseudocystic nodules; fluid collections; and fistu-
lous tracts (Fig.  21.7). A three-stage scoring 

 system, named Sonographic Score in Hidradenitis 
Suppurativa (SOS-HS), was proposed: stage I for 
patients showing the previous reported dermal 
changes affecting a single body segment with 
single fluid collection and without fistulous tract; 
II for patients with two to four fluid collections or 
a single fistulous tract; and III for patients with 
more than four fluid collections or two or more 
fistulous tracts or the involvement of at least three 
body segments.

Psoriasis presents thickening of the epidermis 
(55% on average) in the affected skin, while 
inflammatory diseases such as contact dermatitis 
have increased thickness of dermis with hetero-
geneous texture and collection of hypoechoic 
edema [20]. A possible application is also moni-
toring the entity of a tattoo reaction (i.e., allergic 
contact dermatitis) and the effect of laser therapy 
removal (Fig. 21.8).

21.7  US for Scleroderma, 
Scleroderma-Like Diseases, 
Fat Necrosis, and Rare 
Conditions

Ultrasonography in scleroderma, localized (i.e., 
morphea), and deep (i.e., eosinophilic fasciitis-
 EF) or systemic (i.e., systemic sclerosis), and in 
scleroderma-like disease (chronic sclerosing 
graft-versus-host disease, pretibial myxoedema 
of Graves, scleredema adultorum, scleromyx-
edema, nephrogenic fibrosing dermopathy, lichen 
sclerosus lipodermatosclerosis) is used both to 
confirm the diagnostic clinical suspect and to 
monitor response to therapy. Various probes have 
been used, from MFUS 15–20  MHz to HFUS 
50–70 MHz [21, 22]. US findings of a scleroder-
mic lesion may vary according to the disease sub-
type and phase. In general, hypoechogenicity due 
to edema is observed in the inflammatory phase, 
hyperechogenicity in the sclerotic phase due to 
collagen deposition and increased thickness of 
dermal layer, while a thinned epidermal layer and 
normal echogenicity of dermal layer in the atro-
phic phase. In the post-inflammatory EF phase, 
thickened hyperechogenic external muscularis 
fascia is detectable with MFUS and HFUS 
(Fig.  21.1). MFUS is also useful in various 

a

b

c

Fig. 21.7 HFUS 20 MHz of a pseudo-cystic nodule (a), 
fluid collection (b) and fistulous tract (c)
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 conditions (i.e., post-trauma or medical interven-
tions) where we need to identify an area of necro-
sis/sclerosis/granulomatous reaction to external 
body/inflammation within the dermis and adi-
pose tissue [23]. Finally, HFUS can be used to 
identify ectopic endometrial tissue in patients 
with cutaneous endometriosis, with different IS 
features according to the activity phase [24].
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Optical Coherence Tomography

Victor Desmond Mandel and Giovanni Pellacani

22.1  Introduction

Optical coherence tomography (OCT) was first 
used in skin imaging in 1997 [1], and since then, 
it has undergone considerable development of its 
technology as well as its clinical applications. It 
is a non-invasive imaging technology, which 
enables real-time, high- resolution, non-invasive, 
cross-sectional, and en-face imaging by detecting 
reflected light from the tissue.

In dermatology, OCT is able to visualize the 
stratum corneum, epidermis, dermal–epidermal 
junction (DEJ), upper dermis, skin appendages, 
sweat ducts, and blood vessels. It can be used for 
the investigation of many skin disorders such as 
tumours and inflammatory diseases, for the mon-
itoring of wound healing processes, for the quan-
tification of skin changes and for the evaluation 
of treatment effects.

22.1.1  Instrument

OCT is an in vivo imaging technique, based on 
the interference (Michelson interferometry) of 
infrared light in living tissue, which allows the 
assessment of the skin at high-resolution and 
with no discernible effect on the tissue [1]. It 
relies on the small intensity variations of back-
scattered light from different tissue cellular 
 microstructures to reveal the tissue morphology. 
Conventional OCT systems provide images in 
monochrome and can achieve a penetration depth 
of up to 2 mm with a resolution of 3–15 μm.

Recently, speckle variance OCT has been 
introduced and made commercially available, 
permitting the detection of blood flow in real-
time. The technology has been termed dynamic 
OCT (D-OCT), and, in addition to the images of 
traditional OCT scans, it allows the study of ves-
sels in transversal and en-face/horizontal sections 
[2, 3]. D-OCT creates images of the skin micro- 
angiography in superficial and deep dermal com-
ponents (up to a depth of 0.5  mm). Vascular 
pattern is assessed in en-face images, and two 
types of parameters can be evaluated: the global 
analysis of pattern architecture (D-parameters) 
and the description of specific shapes of vessels 
(S-parameters) [4].

The D-parameters include the depth, the den-
sity, the diameter, the direction and the distribu-
tion of the vessels on the scan.

The S-parameters focus on the analysis of the 
single vessel, and six different shapes can be 
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observed on D-OCT: dots (small red points), 
blobs (larger round to oval red globules), coiled 
(spiral-like or convoluted lines/circles), linear 
(fine lines), curved (comma-like lines) and ser-
piginous vessels. Furthermore, the dots, blobs 
and coiled vessel could be described as mottled 
in case they are distributed in limited but sharply 
demarcated areas, while the linear vessels can be 
defined as a mesh when they are interconnected 
generating a reticular structure. Finally, the lin-
ear, curved and serpiginous vessels can present 
branching defined as vessels forking from the 
main structure and sub-classified as arborizing 
(with progressively thinner branching) or bulging 
(dilated, aneurismatic-like areas).

In cross-sectional images, two vessel patterns 
can be observed: spikes (needle-shaped narrow 
peaks of vessels vertically directed towards the 
surface) and columns (brighter rectangular- 
shaped structures with an upper horizontal 
sharply demarcated border) [4].

22.2  Indications

The application of OCT in diagnosing skin disor-
ders is mainly focused on changes in the epider-
mis, in the DEJ, and in the upper dermis due to 
the limitations of the penetration depth. The 
knowledge of the appearance of healthy skin is 
essential in order to be able to understand changes 
in diseased skin.

22.2.1  Normal Skin and Healthy Nails

The appearance of normal skin in OCT images 
varies according to regional differences. The 
degree of vascularity and the presence of hair fol-
licles, sebaceous glands and eccrine glands also 
varied with the site of imaging [5]. Nevertheless, 
the epidermis and the DEJ can always be reliably 
recognized, but there is a great diversity in epi-
dermal thickness across the body, especially 
when comparing the palm and sole to other areas. 
Hair follicles and sebaceous glands are more vis-
ible on the face and forearms, while eccrine ducts 
are more easily visualized in the palms and soles.

In the cross-sectional OCT images, the struc-
tures of healthy skin are easily recognizable 
because different layers have diverse optical 
properties (Fig.  22.1). The stratum corneum is 
seen as a narrow hyperreflective band followed 
by the epidermis, which is slightly less signal 
intense and appears as a heterogeneous granular 
textured band of varying thickness. The DEJ and 
the papillary dermis are again more signal 
intense, while the reticular dermis offers a less 
intense signal. The DEJ is seen as a marked 
change in contrast between the epidermis and the 
papillary dermis.

Differences in thicknesses of layers and in 
scattering, caused by different structures and 
components within the tissue, can be used to 
quantify acanthosis, atrophy or oedema [6].

D-OCT allows visualization of the vascular 
networks in the normal skin, and, due to the vary-
ing thickness of the epidermis at different body 
locations, the vessels in the D-OCT images come 
into view at different depths beneath the skin sur-
face [2]. In the en-face view of normal facial skin 
(Fig. 22.1 and video), the diameters of the indi-
vidual vessels appear larger, and the network is 
cruder compared to the vessels of normal skin 
located on the arm or the leg. However, indepen-
dently of body location, the vascular networks 
appear well-organized, and the individual vessels 
can usually be easily outlined in the en-face 
D-OCT images. Instead, dermal papillary loops 
can be recognized in the cross-sectional view as 
small dots distributed in close proximity to the 
DEJ.

The nail unit can also be investigated by OCT, 
and the healthy nail plate appears as a layered 
structure containing a varying number of hori-
zontal homogeneous bands of varying intensity 
and thickness (Figs. 22.2 and 22.3) [7]. The first 
change in OCT image intensity after the entrance 
signal corresponds to the border between nail 
plate and nail bed. Under the cuticle, a black 
shadow is generally seen due to the hyperreflec-
tive quality of a hyperkeratosis, while the lunula 
appears as a strongly reflective white band that 
fades away in the matrix. The skin overlying the 
proximal nail fold meets the nail plate at a shal-
low angle.

V. D. Mandel and G. Pellacani



221

On D-OCT imaging, healthy nails contain thin 
blood vessels with an organized reticular pattern 
that is visualized with the en-face view 
(Figs.  22.2, 22.3 and videos) [2]. In the cross- 
sectional D-OCT images, the vessels are less 
striking and usually appear as thin vertical red 
streaks that tend not to extend very superficially. 
No defined vascular architecture is seen distal to 
the cuticle under the nail plate and the overall 
dynamic signal is reduced.

22.2.2  Basal Cell Carcinoma (BCC)

The main features of BCC are a palisading cellu-
lar border around the periphery of the tumour lob-
ules with decreased reflectance, hyporeflective 
ovoid structures corresponding to the tumour 
islands, disruption of the DEJ and dark, round, 
hyporeflective structures in the dermis correlating 
with dermal cysts in histopathology [8]. 
Hyporeflective ovoid structures protruding from 

Fig. 22.1 Illustration of the clinical (a), dermoscopic (b), 
structural (c, d) and microvascular (e–g) features of the 
normal facial skin. Structural, cross-sectional views 
(VivoSight®; image size: 6 mm × 6 mm) display the stra-
tum corneum (narrow hyperreflective band), the epider-
mis (heterogeneous darker granular textured band), the 
dermal–epidermal junction (DEJ) (change in contrast 
between the epidermis and the papillary dermis), the der-
mis (the papillary dermis is again more signal intense, 

while the reticular dermis offers a less intense signal) (c) 
and a normal vascularization with the dermal papillary 
loops (d). Also vessels in the papillary dermis (yellow 
asterisks) and hair follicles, with the hair shaft protruding 
above the epidermal surface (yellow arrows) are visible. 
Microvascular en-face D-OCT images [VivoSight®; size: 
6 mm × 6 mm; skin depth 150 μm (e), 300 μm (f) and 
500 μm (g)] show well-defined larger individual vessels 
and a well-organized vascular network

22 Optical Coherence Tomography



222

the epidermis are generally observed in the super-
ficial BCC (sBCC), while sharply demarcated 
hyporeflective ovoid structures located within the 
dermis are usually detected in the nodular subtype 
(nBCC) (Fig.  22.4) [9]. The presence of dark 
peripheral border at the margin of hyporeflective 
ovoid structures is negatively correlated with the 
infiltrative BCC (iBCC) [9]. Typically, BCC is 
accompanied by enlarged blood vessels. A recent 
D-OCT study on BCC found significant associa-

tions with the tumour subtypes for some type of 
vessels [9]. Branching/arborizing vessels are cor-
related to a lower risk of observing sBCC, while 
the vascular lines are commonly observed. 
Serpiginous vessels, branching/arborizing vessels 
and vessels creating a circumscribed figure are all 
associated with a higher risk of the subtype being 
nBCC (Fig. 22.4 and video). The risk of iBCC, 
when observing highly present vascular lines 
(≥10 linear vessels), is significantly reduced.

Fig. 22.2 Illustration of the clinical (a), dermoscopic (b), 
structural (c, d) and microvascular (e–g) features of the 
proximal part of the healthy nail. Structural, cross- 
sectional views (VivoSight®; image size: 6 mm × 6 mm) 
display a smooth nail surface with the skin overlying the 
proximal nail fold that meets the nail plate at a shallow 
angle (yellow arrows), a layered nail plate characterized 
by horizontal homogeneous bands (yellow brackets), a 

linear regular nail bed (c), thin vertical red streaks not pro-
truding very superficially, no defined vascular architecture 
distal to the cuticle under the nail plate and a reduced 
overall dynamic signal (d). Microvascular en-face D-OCT 
images [VivoSight®; size: 6  mm  ×  6  mm; skin depth 
150 μm (e), 300 μm (f) and 500 μm (g)] show thin blood 
vessels with an organized reticular pattern
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22.2.3  Actinic Keratoses (AKs) 
and Squamous Cell Carcinoma 
(SCC)

AKs are characterized by a thickening and a 
stronger scattering of the stratum corneum due to 
parakeratosis, a thickened epidermis and a clear 
visibility of the DEJ (Fig. 22.5) [2]. Stratum cor-
neum disruption may be ranging from severe 
forms of compact hyperkeratotic scales with 
bright reflection to hyporeflective scales. On 
D-OCT imaging, AKs show a red pseudonet-

work, which resembles the network of normal 
skin, but the vessels tend to form a larger calibre 
and a slightly irregular, broader network 
(Fig.  22.5 and video) [10]. Moreover, vascular 
curves are predominantly present in AKs.

The features of Bowen’s disease (BD)/SCC in 
situ are similar to AKs, but they often tend to be 
less hyperkeratotic and show a marked thicken-
ing of the epidermis (Fig.  22.6) [2]. By using 
D-OCT in BD/SCC in situ, the most prevalent 
types of vessels are the dots and blobs (Fig. 22.6 
and video) [10]. The dotted vessels seen in these 

Fig. 22.3 Illustration of the clinical (a), dermoscopic (b), 
structural (c, d) and microvascular (e–g) features of the 
distal part of the healthy nail. Structural, cross-sectional 
views (VivoSight®; image size: 6 mm × 6 mm) display a 
layered nail plate characterized by horizontal homoge-
neous bands (yellow brackets), a linear regular nail bed 

(c), no defined vascular architecture under the nail plate 
and a reduced overall dynamic signal (d). Microvascular 
en-face D-OCT images [VivoSight®; size: 6 mm × 6 mm; 
skin depth 150 μm (e), 300 μm (f) and 500 μm (g)] show 
a smooth nail surface
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lesions are larger than the capillaries observed in 
normal skin or psoriasis, independently of their 
body site location. Moreover, in contrast to AKs, 
the vessels in (BD)/SCC in situ are not arranged 
in a network.

Criteria for invasive SCC include the loss of 
the typical layering (as visible in AKs/BD/SCC 
in situ), loss of the dark line normally represent-
ing the DEJ due to the infiltration of tumour cells 
into the dermis and round or ovoid structures in 
the dermis of varying reflectivity (Fig. 22.7) [2].

Hyperkeratotic scales produce a signal shadow 
that can impair the visualization of deeper struc-

tures, impede the clear visualization of the DEJ 
and disguise the tumour below. Therefore, the 
presence of severe hyperkeratosis in AKs, BD 
and SCC represents a problem in OCT examina-
tion. In all these cases, before doing the examina-
tion, it is better to apply for few weeks a topical 
product helpful in reducing the thickness of the 
lesion. On D-OCT imaging, invasive SCC shows 
a diversified and chaotic pattern of irregularly 
shaped and arranged vessels of different calibre 
(Fig. 22.7 and video) [10].

Angiogenesis evolves during tumour devel-
opment starting in early AKs with vascular 

Fig. 22.4 Illustration of the clinical (a), dermoscopic (b), 
structural (c, d) and microvascular (e–g) features of the 
nodular basal cell carcinoma. Structural, cross-sectional 
views (VivoSight®; image size: 6 mm × 6 mm) display 
hyporeflective ovoid structures (yellow asterisks) with 
dark peripheral borders at its margins (white arrows) (c) 

and an increased vascularization (d), especially around 
the tumour islands. Microvascular en-face D-OCT images 
[VivoSight®; size: 6 mm × 6 mm; skin depth 150 μm (e), 
300 μm (f) and 500 μm (g)] show the presence of the ser-
piginous vessels, the branching/arborizing vessels and 
vessels creating a circumscribed figure
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 features similar to the surrounding normal skin, 
then dotted and/or blob vessels and finally pro-
gressing to a polymorphous pattern in invasive 
SCC lesions [10].

22.2.4  Nevi and Melanoma

Nevi and melanoma show an irregular scattering 
in OCT, due to the presence of melanin within 
pigmented lesions [11].

Nevi are characterized by a homogenous epi-
dermis with a relatively strong signal, a clear 

demarcation of DEJ, hyperreflective dense clusters 
of melanocytes in the DEJ zone and/or papillary 
dermis, a finger-shaped elongation of rete ridges, a 
dark round to oval cavities in the dermis corre-
sponding to dilated blood vessels, and bright hori-
zontal linear structures in the reticular dermis [12]. 
In compound nevi, the overlying epidermis may 
be flat, show some acanthosis or have a seborrheic 
keratosis-like appearance, even with horn cysts.

Strongly pigmented nevi show a significant 
reduction of reflectivity underneath the epider-
mal layer, and this is probably a result of scatter 
caused by melanin.

Fig. 22.5 Illustration of the clinical (a), dermoscopic (b), 
structural (c, d) and microvascular (e–g) features of the 
actinic keratosis. Structural, cross-sectional views 
(VivoSight®; image size: 6 mm × 6 mm) display a thick-
ening and a stronger scattering of the stratum corneum 
(hyperkeratosis) (yellow arrows), a thickened epidermis 
(acanthosis) (yellow brackets), a clear visibility of the der-

mal–epidermal junction (DEJ) (c) and a slightly increased 
vascularization (d). Microvascular en-face D-OCT images 
[VivoSight®; size: 6 mm × 6 mm; skin depth 150 μm (e), 
300 μm (f) and 500 μm (g)] show a red pseudonetwork 
resembling that of normal skin, but the vessels appear 
slightly more enlarged and less well-organized, and vas-
cular curves
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In differentiating melanomas from nevi, nor-
mal skin architecture is less frequent, the DEJ is 
not detectable due to the infiltrative tumour 
growth, and a finger-shaped elongation of the rete 
ridges is rare. Moreover, malignant melanoma 
shows the presence of more or less large vertical 
icicle-shaped structures that partly reached the 
reticular dermis with their peak aspect and on 
histology correspond to dense infiltrates consist-
ing of tumour cells and lymphocytes [12].

In thin melanomas, OCT can be used to mea-
sure the thickness of the lesions and to detect 
their lower border, which appears as the scatter-

ing within the tumours that differs from the sur-
rounding collagen fibres [11].

Melanocytic lesions are characterized by a 
variable vascular pattern according to their 
nature [2].

On D-OCT imaging, junctional nevi or nevi 
with a minimal dermal involvement displaying 
regularly distributed dotted structures 
 immediately below the epidermis (Fig. 22.8 and 
video). This vascular pattern is usually compara-
ble with the surrounding normal skin or it is 
occasionally more pronounced. A thin reticular 
architecture can be identified only in the deep 

Fig. 22.6 Illustration of the clinical (a), dermoscopic (b), 
structural (c, d) and microvascular (e–g) features of the 
squamous cell carcinoma in situ. Structural, cross- 
sectional views (VivoSight®; image size: 6 mm × 6 mm) 
display a similar aspect than actinic keratosis, but it often 
appears less hyperkeratotic and with a marked thickening 

of the epidermis (acanthosis) (yellow brackets) (c, d). 
Microvascular en-face D-OCT images [VivoSight®; size: 
6 mm × 6 mm; skin depth 150 μm (e), 300 μm (f) and 
500  μm (b)] show the presence of the dots and blob 
vessels

V. D. Mandel and G. Pellacani



227

dermal component. Instead, nevi with a conspic-
uous dermal component show larger dotted ves-
sels with an arcuate aspect, starting from the 
bottom of the lesion and directed towards the sur-
face (Fig.  22.9 and video). The length of these 
vessels is related to the depth of the melanocytic 
lesion, and they are regularly distributed through-
out the nevus.

In melanoma, the peripheral area is composed 
of typical capillaries derived from pre-existing 
vessels, whereas the vessels of the central portion 
of the lesion are in part generated by tumour cells 
during the process of vasculogenic mimicry [13]. 

On D-OCT imaging, with the increasing Breslow 
stage and tumour thickness, dotted vessels 
becoming more irregularly distributed and other 
vascular morphologies can be detected [14]. 
Curved vessels usually occur in melanomas with 
Breslow thickness >1.00  mm (Fig.  22.10 and 
video), while coiled and serpiginous vessels are 
commonly detected in those >2.00 mm. Finally, 
thicker melanomas show branching vessels, 
which are predominantly sub-classified as bulg-
ing structures visible in deeper layers and may 
correspond to aneurismatic vessels generated by 
a rapid and chaotic growth pattern.

Fig. 22.7 Illustration of the clinical (a), dermoscopic (b), 
structural (c, d) and microvascular (e–g) features of the 
invasive squamous cell carcinoma. Structural, cross- 
sectional views (VivoSight®; image size: 6 mm × 6 mm) 
display the loss of the dark line normally representing the 
dermal–epidermal junction (DEJ) due to the infiltration of 
tumour cells into the dermis, the presence of round or 

ovoid structures in the dermis of varying reflectivity (yel-
low arrows) (c) and an increased vascularization (d). 
Microvascular en-face D-OCT images [VivoSight®; size: 
6 mm × 6 mm; skin depth 150 μm (e), 300 μm (f) and 
500  μm (g)] show a diversified and chaotic pattern of 
irregularly shaped and arranged vessels of different 
calibre
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In cross-sectional images, the presence of 
thin regular columns is commonly observed in 
nevi, while the vessels are organized in large 
irregularly distributed vertical columns in mela-
noma [15].

Differently from the keratinizing tumours and 
BCC, melanomas have more heterogeneous vas-
cular patterns, a higher variability in thinner 
lesions and progressive changes of the vascular 
pattern according to the depth [14]. Since vascu-
lar progression is theoretically linked with 

tumour aggressiveness, the evaluation of vascular 
morphology in melanomas may prove a bio-
marker to estimate the invasiveness in vivo.

22.2.5  Psoriasis

Psoriasis is characterized by thickened and bright 
stratum corneum corresponding to parakeratosis, 
by acanthosis with severely elongated rete ridges 
in a regular pattern and by an increase number of 

Fig. 22.8 Illustration of the clinical (a), dermoscopic (b), 
structural (c, d) and microvascular (e–g) features of the 
compound nevus. Structural, cross-sectional views 
(VivoSight®; image size: 6 mm × 6 mm) display a thick-
ened epidermis (acanthosis) (yellow brackets), a clear 
demarcation of the dermal–epidermal junction (DEJ), 
hyperreflective dense clusters of melanocytes in the DEJ 
zone and papillary dermis (yellow arrows), a finger- 
shaped elongation of rete ridges, dilated blood vessels in 

the dermis, bright horizontal linear structures in the retic-
ular dermis (c) and a slightly increased vascularization 
characterized by the presence of thin regular columns (d). 
Microvascular en-face D-OCT images [VivoSight®; size: 
6 mm × 6 mm; skin depth 150 μm (e), 300 μm (f) and 
500 μm (g)] show a regular distribution of dotted vessels 
and the occurrence of a thin reticular architecture in the 
deep dermal component of the nevus
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dilated blood vessels in the upper dermis 
(Fig. 22.11) [2, 11]. Inflammatory infiltration and 
oedema in the dermis lead to a lower scattering.

D-OCT shows dotted vessels regularly distrib-
uted in en-face images and spikes of small vessel 
loops in the papillary dermis in cross-sectional 
examination (Fig. 22.11 and video) [2].

The response to treatment can be evaluated by 
measuring the epidermal thickness, the signal 
attenuation coefficient, the diameter and the den-
sity of the dermal vessels [11].

22.2.6  Bullous Diseases

OCT images may match histopathology regard-
ing the level and the architecture of the blisters in 
bullous diseases such as bullous pemphigoid 
(BP) and pemphigus.

OCT allows the precise definition of the bullae 
location in patients affected by BP (Fig. 22.12) 
and pemphigus (Fig.  22.13) [16]. BP presents 
with subepidermal blisters that appear as dark, 
ovoid to round, areas covered by epidermis of full 

Fig. 22.9 Illustration of the clinical (a), dermoscopic (b), 
structural (c, d) and microvascular (e–g) features of the 
blue nevus. Structural, cross-sectional views (VivoSight®; 
image size: 6 mm × 6 mm) display a clear demarcation of 
the dermal–epidermal junction (DEJ), hyperreflective 
dense clusters of melanocytes in the dermis (yellow 
arrows), a finger-shaped elongation of rete ridges (c) and 
a slightly increased vascularization characterized by the 

presence of thin regular columns (d). This nevus shows a 
significant reduction of reflectivity underneath the epider-
mal layer, which is probably due to the scatter caused by 
melanin. Microvascular en-face D-OCT images 
[VivoSight®; size: 6 mm × 6 mm; skin depth 150 μm (e), 
300 μm (f) and 500 μm (g)] show the occurrence of larger 
dotted vessels with an arcuate aspect, starting from the 
bottom of the lesion and directed towards the surface
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thickness and localized at the dermal–epidermal 
junction. Instead, pemphigus is characterized by 
the presence of dark, ovoid to round, areas within 
the epidermal layer corresponding to the intra- 
epidermal blisters.

Linear, thin dark structures in the upper der-
mis correspond to the dilated blood vessels and 
are usually detected in BP and pemphigus. 
Inflammatory cells inside the blisters, which 
appear as grey pinpoint structures, are more fre-
quently detected in BP than in pemphigus. Grey 
homogeneous material inside the blisters corre-
sponding to fibrin deposition can be commonly 

found in BP, but not in pemphigus. Moreover, 
OCT enables the identification of subclinical bul-
lae on the clinically healthy skin of patients with 
BP (Fig. 22.12) and pemphigus (Fig. 22.13) [16].

Currently, there are no studies regarding the 
application of D-OCT in bullous diseases.

Therefore, OCT offers useful information for 
a rapid non-invasive diagnosis of bullous disease, 
identification of biopsy site and treatment moni-
toring, especially in the cases of subclinical 
lesions [15]. However, OCT cannot replace histo-
pathologic and immunologic examinations that 
are still required for diagnosis confirmation.

Fig. 22.10 Illustration of the clinical (a), dermoscopic 
(b), structural (c, d) and microvascular (e–g) features of 
the melanoma (Breslow 1.44  mm). Structural, cross- 
sectional views (VivoSight®; image size: 6 mm × 6 mm) 
display the loss of the normal skin architecture with the 
dermal–epidermal junction (DEJ) not detectable, the 
presence of large vertical icicle-shaped structures that 
partly reached the reticular dermis with their peak aspect 

(yellow arrows) (c) and an increased vascularization 
with the vessels organized in large irregularly distributed 
vertical columns (d). Microvascular en-face D-OCT 
images [VivoSight®; size: 6  mm  ×  6  mm; skin depth 
150 μm (e), 300 μm (f) and 500 μm (g)] show an irregu-
lar distribution of dotted and curved vessels. Some ves-
sels also present an evident dilatation of their calibre, 
with bulging branches
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22.2.7  Wounds

OCT allows a non-invasive and reliable observa-
tion of morphological changes during the three 
different phases (inflammatory, proliferative and 
remodelling) of wound healing [17]. Monitoring 
of this process is indispensable for the therapeutic 
effectiveness and improved care of chronic wounds 
(Fig. 22.14), which are generally  characterized by 
a prolonged or excessive inflammatory phase, per-
sistent infections, and the inability of dermal or 
epidermal cells to respond to reparative stimuli.

The inflammatory phase is characterized by 
the damage to the epidermis, the dermal-epider-

mal junction that is no longer visible and the 
presence of an almost transparent fluid on the 
surface of the wound edge. Therefore, a deeper 
insight into the dermis is provided, revealing 
fewer visible vessels than healthy skin.

In the proliferation phase, the epithelialization 
from the edge of the wound occurs, a new and less 
intense signal above the dermis is displayed with a 
DEJ, there is an increased amount of vessels in 
reticular dermis, and the collagen appears brighter.

In the remodelling phase, epidermal epitheli-
alization is completed with a continuous epider-
mal layer. The reticular dermis has large and 
distinct vessels, bright and hyperreflective 

Fig. 22.11 Illustration of the clinical (a), dermoscopic 
(b), structural (c, d) and microvascular (e–g) features of 
the psoriasis. Structural, cross-sectional views 
(VivoSight®; image size: 6 mm × 6 mm) display a thick-
ened and bright stratum corneum (parakeratosis) (yellow 
arrows), a thickened epidermis (acanthosis) (yellow 
brackets) with severely elongated rete ridges in a regular 

pattern, dilated blood vessels in the upper dermis (c) and 
an increased vascularization with spikes of small vessel 
loops in the papillary dermis (d). Microvascular en-face 
D-OCT images [VivoSight®; size: 6 mm × 6 mm; skin 
depth 150 μm (e), 300 μm (f) and 500 μm (g)] show a 
regular distribution of dotted vessels and presence of 
loops of dilated capillaries in the upper stratum papillare
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Fig. 22.12 Illustration of the clinical (a), dermoscopic 
(b) and structural (c, d) features of the bullous pemphi-
goid. Structural, cross-sectional views (VivoSight®; 
image size: 6 mm × 6 mm) display the presence of subepi-
dermal bulla (yellow asterisk) at the level of the dermal–
epidermal junction (DEJ), with some inflammatory cells 

(green arrow) and fibrin deposition (blue arrow) inside 
the blister, dilated blood vessels in the upper dermis (c) 
and subclinical cleft (purple asterisk) on the clinically 
healthy skin (at 2 cm from the lesion) with fibrin deposi-
tion (blue arrow) inside it (d)
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Fig. 22.13 Illustration of the clinical (a), dermoscopic 
(b) and structural (c, d) features of the pemphigus. 
Structural, cross-sectional views (VivoSight®; image 
size: 6  mm  ×  6  mm) display the presence of intra- 

epidermal bulla (yellow asterisks) at the level of the der-
mal–epidermal junction (DEJ), dilated blood vessels in 
the upper dermis (c) and subclinical cleft (purple asterisk) 
on the clinically healthy skin (at 2 cm from the lesion) (d)
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 collagen with orientated dense fibres and no 
appendages. In comparison with healthy skin, 
the OCT image appears hyperreflective 
throughout.

On D-OCT imaging, the capillaries in the 
wound bed develop a glomerulus-like configura-
tion with convoluted vessels (Fig.  22.14 and 
video) [2].

OCT can also be useful for the differential 
diagnosis of chronic wounds and the assessment 
of burns [2]. In acute burn wounds, the determi-

nation of the burn depth is very important because 
it defines the choice of the therapeutic regime.

For all these reasons, OCT is suited for wound 
assessment and can represent an alternative for 
punch biopsies in studies of wound healing [16]. 
However, in case of suspect malignant degenera-
tion of chronic wounds into cancer or suspicious 
malignancies that present as chronic wounds, this 
instrument cannot replace histology, which still 
represents the gold standard for the determina-
tion of pathological modifications.

Fig. 22.14 Illustration of the clinical (a), dermoscopic 
(b), structural (c, d) and microvascular (e–g) features of 
the chronic wound. Structural, cross-sectional views 
(VivoSight®; image size: 6 mm × 6 mm) display the dam-
age to the epidermis with the loss of the less intense signal 
above the dermis, the dermal–epidermal junction (DEJ) 
no longer visible and an almost transparent fluid (yellow 
asterisks) on the surface of the wound edge (inflammatory 
phase), but also the epithelialization from the edge of the 

wound with the reappearance of the DEJ, the dermal 
regeneration and the formation of granulation tissue (pro-
liferative phase) (c) and an increased amount of vessels in 
reticular dermis (d). Differentiation between papillary and 
reticular dermis is lost (c, d). Microvascular en-face 
D-OCT images [VivoSight®; size: 6 mm × 6 mm; skin 
depth 150 μm (e), 300 μm (f) and 500 μm (g)] show capil-
laries in the wound bed that develop a glomerulus-like 
configuration with convoluted vessels
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22.2.8  Hair

Among the three conventional racial human 
subgroups (Afro-ethnic, Asian and Caucasian), 
hair is most similar in terms of the chemical 
composition (proteins and amino acids consti-
tuting  keratin), but it differs for fibre shape and 
mechanical properties [18]. Afro-ethnic hair 
has an elliptical shape and presents a high level 
of irregularity in the diameter along the hair 
shaft. Asian and Caucasian hairs have a circular 
and cylindrical shape, respectively. Generally, 
Asian presents a greater diameter than Afro-
ethnic and Caucasian hair. OCT can be used to 
determine the structural and morphological fea-
tures of hair [18].

OCT may be a useful tool for the diagnosis of 
cicatricial alopecia such as the frontal fibrosing 
alopecia (FFA), and it can assist in monitoring 
disease activity in a non-invasive manner.

OCT study on FFA found that epidermal thick-
ness is increased in the inflammatory hairline 
(0.13  mm) and decreased in the alopecic band 
(0.08 mm) compared to controls (0.10 mm) [19]. 
This finding can be explained by the presence of 
inflammatory infiltrate and oedema in the areas of 
disease activity, and atrophy in zones of scarring.

On clinically inflammatory and cicatricial 
hairline, OCT shows partial or complete loss of 
follicular openings with an irregular distribution 
(Fig.  22.15). Collagen appears as concentric 
hyperreflective inter-follicular “onion-shaped” 
bundles around follicular remnants, and its distri-
bution in the inflammatory hairline is irregular.

On D-OCT imaging, vascular flow in cicatricial 
skin is decreased compared to inflammatory 
regions and controls (up to 0.20 mm), but the rela-
tionship reverses compared to normal at deeper 
depths (Fig. 22.15 and video). Inflammatory tissue 
shows significantly increased vascular flow 
throughout.

Therefore, distinct features of FFA can be rec-
ognized during different disease states with OCT.

22.2.9  Nail Diseases

Nail diseases such as onychomycosis and psoria-
sis are often very troublesome to the patient and 

may present a diagnostic challenge to the 
dermatologist.

OCT offers a quick and non-invasive view of 
the patient’s nail in real-time, resulting a valuable 
tool for the evaluation of underlying nail 
disease.

The standard diagnosis for onychomycosis 
involves clinical suspicion and at least one posi-
tive laboratory test. However, all evaluations of 
the laboratory diagnostic methods (KOH prepa-
ration, fungal culture, PCR and histopathology 
with PAS staining) presuppose the correct sam-
pling of the material in order to avoid false- 
negative results and contamination. Therefore, 
the correct prior disinfection, the knowledge on 
the best area of the nail for sampling and a suffi-
cient amount of material obtained are essential.

On OCT imaging, the nail with distal subun-
gual onychomycosis not complicated by derma-
tophytoma shows a loss of organization and the 
presence of multiple, hyperreflective, poorly 
defined, wisplike streaks within the nail plate and 
parallel to the nail surface [20]. These high scat-
tering elongated structures, surrounded by inho-
mogeneous low scattering areas, correspond to 
accumulations of fungal hyphae. Instead, the der-
matophytoma nail presents a demarcated homog-
enous accumulation, representing the fungal 
mass, localized in a deep to a disorganized, 
rough-contoured, inhomogeneous nail plate 
(Fig. 22.16) [20].

On D-OCT imaging, healthy nails display a 
clear distinction between the vascular nail bed 
and avascular nail plate, while the nail with der-
matophytoma exhibits an avascular mass imme-
diately above the vascular nail bed (Fig.  22.16 
and video).

Then, nails with distal subungual onychomy-
cosis and dermatophytoma show peculiar OCT 
findings that can help the physician to make 
quick diagnosis.

On OCT imaging, psoriatic nails appear 
thicker than healthy nails and present a wavy, 
layered nail plates (Figs. 22.17 and 22.18) [21]. 
The nail surface is rough and irregular with 
superficial fissuring. Moreover, the skin overly-
ing the proximal nail fold is ragged and indurated 
and meets the nail plate at a steep angle in com-
parison to the shallow angle of the healthy nails.
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White streaks are commonly observed within 
the nail plate, predominantly in the mid-layer of 
the distal part of the nail, and correlate clinically 
as leukonychia. Pitting appears as a focal dark 
irregularity with underlying shadowing in 
 cross- sectional image and as a black-ringed 
shapes in en-face view.

Within the nail bed, in the areas of onycholy-
sis, it is possible to appreciate abnormalities 
 consisting of subungual ridges alongside highly 

reflective white wispy sheets and dense white 
specks. Predominant black empty areas sur-
rounding highly reflective tufts, which resemble 
cotton balls or cloud-like structures, are also con-
tained in the deep nail bed.

Using the en-face D-OCT views standardized 
at 0.60 mm in depth, the psoriatic nails display 
dilated blood vessels with a haphazard architec-
ture (Figs. 22.17, 22.18 and videos) compared to 
healthy nails that contain thin vessels with an 

Fig. 22.15 Illustration of the clinical (a), dermoscopic 
(b), structural (c, d) and microvascular (e–g) features of 
the frontal fibrosing alopecia. Structural, cross-sectional 
views (VivoSight®; image size: 6 mm × 6 mm) display a 
decreased epidermal thickness in the alopecic band, an 
almost complete loss of follicular openings, the concen-
tric hyperreflective inter-follicular “onion-shaped” bun-
dles around follicular remnants, the presence of “lonely 

hair” (yellow arrows) (c) and a slightly increased vascu-
larization in reticular dermis compared to the normal hair-
line (d). Microvascular en-face D-OCT images 
[VivoSight®; size: 6 mm × 6 mm; skin depth 150 μm (e), 
300 μm (f) and 500 μm (g)] show that the vascular flow of 
the cicatricial tissue is decreased below the skin surface 
(up to 0.20 mm), but it is increased at deeper depths
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organized reticular pattern [21]. On the cross- 
sectional D-OCT view, psoriatic nails show a 
dense arrangement of blood vessels protruding 
superficially, while the healthy nails are charac-
terized by thin and less-striking blood vessels, 
not extending as superficially. Despite the 
increased thickness of the psoriatic nails, an 
increased dynamic signal can be diffusely seen 
under the proximal nail plate.

Therefore, OCT can identify structural and 
vascular features specific to nail psoriasis and 
may be useful for diagnosis as well as treatment 
monitoring of this disease.

22.2.10  Quantification of Skin 
Changes and Therapy 
Monitoring

Several studies of UV radiation therapy, steroid 
atrophy, wound healing or nail hydration over time 
demonstrate that OCT is a valuable tool for moni-
toring of therapeutical effects and quantification of 
skin changes [11]. Moreover, OCT permits to con-
trol the therapeutic efficacy of nonsurgical treat-
ment options such as imiquimod or photodynamic 
therapy, and it can help to avoid repetitive biop-
sies, keeping a non-invasive approach.

Fig. 22.16 Illustration of the clinical (a), dermoscopic 
(b), structural (c, d) and microvascular (e–g) features of 
the dermatophytoma. Structural, cross-sectional views 
(VivoSight®; image size: 6 mm × 6 mm) display a sharply 
demarcated avascular mass (yellow asterisks) lying within 
an inhomogeneous nail plate without distinct parallel 

bands and immediately above the vascular nail bed (c, d). 
Microvascular en-face D-OCT images [VivoSight®; size: 
6 mm × 6 mm; skin depth 150 μm (e), 300 μm (f) and 
500  μm (g)] show an avascular mass (yellow asterisk) 
localized in a deep to a disorganized, rough-contoured, 
inhomogeneous nail plate
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22.3  Conclusion

OCT has been studied in a variety of dermato-
logical disorders, but the majority of the studies 
have investigated non-melanoma skin cancers, 
especially BCC and its mimickers. Therefore, 
the diagnostic accuracy and criteria are better 
described in this area and the prime indications 
for OCT are the non-melanoma skin cancers. 

This technique enables a fast detection of the 
tumour and can allow an estimation of infiltra-
tive growth. When using nonsurgical treatment 
options, OCT is useful in order to avoid repeti-
tive biopsies and to control the therapeutic effi-
cacy. Additionally, it can be performed for 
diagnosis and monitoring of melanocytic 
lesions, inflammatory diseases, wounds, hair, 
and nail disorders.

Fig. 22.17 Illustration of the clinical (a), dermoscopic 
(b), structural (c, d) and microvascular (e–g) features of 
the proximal part of the psoriatic nail. Structural, cross- 
sectional views (VivoSight®; image size: 6 mm × 6 mm) 
display a thickened nail (yellow brackets) with the skin 
overlying the proximal nail fold that meets the nail plate at 
a steep angle (yellow arrows), a wavy and layered nail 
plate (c), a dense arrangement of blood vessels protruding 

superficially and an increased dynamic signal diffusely 
visible under the proximal nail plate (d). Microvascular 
en-face D-OCT images [VivoSight®; size: 6 mm × 6 mm; 
skin depth 150 μm (e), 300 μm (f) and 500 μm (g)] show 
dilated blood vessels with a haphazard architecture and 
the presence of ragged and indurated skin overlying the 
proximal nail fold
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Information on the vasculature of skin dis-
eases adds more information and improve the 
diagnostic value of OCT technology. D-OCT 
permits to study the in  vivo characterization of 
blood vessels and lymphatic vessels. Therefore, it 
is applicable in a variety of skin diseases, and it 
may potentially help to identify high-risk 
tumours.

In conclusion, OCT and D-OCT offer images 
with a good balance between a sufficient depth 
and a high axial and lateral resolution. This tech-
nique provides the opportunity to evaluate dynamic 
changes in the skin over time and without interfer-
ing with the tissue, and it may not only help in a 
better understanding of skin pathology, but also in 
the development of new treatments.

Fig. 22.18 Illustration of the clinical (a), dermoscopic 
(b), structural (c, d) and microvascular (e–g) features of 
the distal part of the psoriatic nail. Structural, cross- 
sectional views (VivoSight®; image size: 6 mm × 6 mm) 
display a thickened nail (yellow brackets), a wavy and lay-
ered nail plate, pitting (yellow arrows), salmon patch (yel-
low asterisks), onycholysis, subungual ridges alongside 
highly reflective white wispy sheets within the nail bed, 

predominant black empty areas surrounding highly reflec-
tive tufts (c) and an increased vascularization in the nail 
bed (d). Microvascular en-face D-OCT images 
[VivoSight®; size: 6 mm × 6 mm; skin depth 150 μm (e), 
300 μm (f) and 500 μm (g)] show a rough and irregular 
nail surface with superficial fissuring and pitting (yellow 
asterisks)
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23.1  Introduction

Optical coherence tomography (OCT) is a non- 
invasive imaging technique based on low- 
coherence interferometry. It uses near-infrared 
light to capture two-dimensional (2D) and three- 
dimensional (3D) images of scattering media, 
such as biological tissue, with variable micromet-
ric resolution.

OCT was first introduced as a tool in 
 ophthalmology in 1991, as the transparency of 
the ocular tissue represents an ideal condition 
for its employment [1]. OCT has subsequently 
been used in several medical fields including 
cardiology [2, 3], gastroenterology [4, 5], 
 vascular surgery [6], dentistry [7], as well as 
dermatology [8, 9].

The biggest limitation of conventional OCT is 
represented by its limited lateral and axial resolu-
tion, which makes the visualization of individual 
cells impossible. In this scenario, a significant 
improvement has been achieved with the intro-
duction of high-definition OCT (HD-OCT) 
(Skintell®, Agfa Healthcare Mortsel, Belgium 
and Munich, Germany), a device that features a 
high resolution of 3 μm in all three dimensions—

thus allowing the visualization of individual 
cells—as well as an extremely quick generation 
of 3D images [10].

23.2  Technical Characteristics 
of HD-OCT

Like conventional OCT, HD-OCT is an interfer-
ometer able to carry out optical imaging deeply 
within highly scattering media—such as the 
skin—with micrometric resolution in both 
 transversal and axial directions [11]. HD-OCT 
uses a two-dimensional, infrared-sensitive 
(1000–1700  nm) imaging array for light detec-
tion rather than a single pin diode, thus enabling 
the focal plane to be continuously moved 
throughout the sample (focus tracking). The 
device is able (1) to synchronize the movements 
of the focal plane and the reference mirror and 
(2) to take into account the refractive index of the 
sample. This results in a high lateral resolution 
of 3 μm at all depths of the sample. Moreover, the 
use of a broadband thermal light source com-
bined with a special filter allows an equally high 
(3 μm) axial resolution. HD-OCT is able to cap-
ture a slice (cross-sectional, vertical) image and 
an en-face (horizontal) image in real time, as well 
as a 3D volume in only 35 s. The field of view is 
1.8 × 1.5 mm. The tissue penetration goes up to a 
depth of 570 μm. Therefore, a HD-OCT 3D vol-
ume measures 15,400 million μm3 (=1500 μm ×  
1800 μm × 570 μm) or  approximately 57 million 
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voxels (1 voxel = 27 μm3). The system works in 
direct contact with the skin, using an optical 
matching gel comparable to the common ultra-
sound gel. The total light power at the tissue is 
<3.5 mW (harmless) [11].

23.3  Normal Skin

The HD-OCT features of the normal skin have 
been reported for the first time by Boone et al. in 
2012 [11]. HD-OCT allows the 3D visualization 
of the different layers of the skin by providing 
images on both vertical and horizontal planes, the 
orientation of which are comparable to histopa-
thology and confocal microscopy, respectively.

Different cutaneous structures vary in terms of 
their refraction index: this accounts for the con-
trast seen in a common HD-OCT image. In par-
ticular, melanin and keratin represent strong 
sources of contrast and appear bright on the 

images. The vertical images allow the examina-
tion of the global architecture of the skin 
(Fig.  23.1a). The dermal–epidermal junction 
(DEJ) appears as a dark homogeneous band that 
separates the epidermis from the underlying pap-
illary dermis. Its weaker refraction index (which 
explains its darkness) is due to the retention of 
water by the glycosaminoglycans that are part of 
it. On the horizontal plane, the DEJ is character-
ized by the juxtaposition of annular structures 
corresponding to the dermal papillae surrounded 
by the basal keratinocytes, similarly to what is 
commonly observed in confocal microscopy 
(Fig. 23.1b). The dermal papillae can be more or 
less outlined depending on the melanin content 
of the basal keratinocytes and therefore on the 
skin’s phototype. The epidermal thickness can be 
evaluated on the vertical images, whereas the 
global architecture of the epidermis is better seen 
on the horizontal plane. In the normal skin, the 
stratum granulosum and the stratum spinosum 

a

b

Fig. 23.1 HD-OCT 
slice (vertical plane, a) 
and en face (horizontal 
plane, b) mode. Normal 
skin. Several structures 
can be appreciated: skin 
fold (white arrow and 
star), stratum corneum 
(orange arrow and star), 
stratum granulosum (red 
arrow and star), stratum 
spinosum (green arrow 
and star), basal layer/
dermal papilla (purple 
arrow and star) and hair 
follicle/shaft (blue arrow 
and star)
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are characterized by a regular honeycomb pattern 
characterized by well-delimited cells, which are 
homogeneous in shape, size and reflectivity. The 
papillary dermis is characterized by a non- 
cellular network made by collagen fibres. The 
latter can be more or less dense/reflecting accord-
ing to the degree of solar elastosis. Blood vessels 
are visible in the dermis as dark, circular/tubular 
structures. The reticular dermis consists of a 
reticulated network of fibres and small blood ves-
sels in which cells are not easily discernible [11].

23.4  Non-melanoma Skin Cancer

Several studies found a good correlation between 
HD-OCT and histopathological images in differ-
ent areas of dermatology. The possibility of 
examining the skin in the vertical plane has led to 
a particular interest for HD-OCT in non- 
melanoma skin cancer. Indeed, the diagnosis of 

both basal cell carcinoma (BCC) and squamous 
cell carcinoma (SCC) is mainly based on features 
that are better seen in the vertical rather than hori-
zontal plane: for BCC, the subtype discrimina-
tion depends on the location of the basaloid 
tumour islands within the dermis; for SCC, the 
discrimination between actinic keratosis (AK) 
and invasive SCC depends on the integrity of the 
DEJ and the level of epidermal invasion.

23.4.1  Basal Cell Carcinoma

HD-OCT characteristics of BCC mainly 
include: (1) lobular structures within the dermis, 
corresponding to basaloid tumour islands 
(Fig. 23.2); (2) streaming effect of the tumour 
nests on the stromal fibres that consequently 
appear stretched (Fig.  23.3); (3) dilated blood 
vessels juxtaposed to the tumour islands 
(Fig.  23.3); and (4) variable degree of actinic 

a

b

Fig. 23.2 HD-OCT 
slice (vertical plane, a) 
and en face (horizontal 
plane, b) mode. Nodular 
basal cell carcinoma. 
Presence of lobular 
structures corresponding 
to basaloid tumour 
islands (white stars) 
within the dermis
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damage of the epidermis (Fig.  23.4) [12, 13]. 
The typical morphology of the lobular struc-
tures seen in both HD-OCT modes is effective 
in differentiating BCC from clinical imitators 
such as AK, compound/intradermal naevi, amel-
anotic melanoma, sebaceous hyperplasia and 
small haemangioma [14]. Moreover, the loca-
tion of the roof of BCC lobules, the vascular 
pattern of the papillary plexus, and the stretch-
ing effect on the stroma allow discriminating 
between BCC subtypes, thus directly influenc-
ing the therapeutic choice [14]. Finally, 
HD-OCT appears to be valuable in the 
 non- invasive follow-up/monitoring of the medi-
cal treatment of BCC [15]. A pilot study of 
HD-OCT during micrographic surgery for BCC 
showed the possibility to reduce the excision 
margins and achieve the complete removal of 
the lesion at the same time [16].

23.4.2  Actinic Keratosis/Squamous 
Cell Carcinoma

It has been shown that HD-OCT facilitates the 
in vivo diagnosis of AK as well as its differen-
tiation from invasive SCC [17, 18]. Contrary to 
normal skin, both AK and SCC present the fol-
lowing characteristics on HD-OCT examina-
tion: (1) a disarranged epidermal architecture, 
including alternating hyperkeratosis/parakera-
tosis (Fig.  23.5a) and—for SCC especially—
alternating hypertrophy/atrophy (Fig.  23.5b) 
and acantholysis (Fig. 23.5c); (2) an alteration 
of the honeycomb pattern of the epidermis (the 
epidermal keratinocytes become irregular in 
size, shape and reflectivity), which is mildly 
atypical in AK and severely atypical in SCC 
(Fig. 23.6a, b); and (3) an adnexal involvement 
(disappearance of the typical cockade image of 

a

b

Fig. 23.3 HD-OCT 
slice (vertical plane, a) 
and en face (horizontal 
plane, b) mode. Nodular 
basal cell carcinoma. 
Streaming effect of the 
tumour nests on the 
stromal fibres that 
consequently appear 
stretched (white star). 
Dilated blood vessels 
juxtaposed to the tumour 
islands (yellow star)
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the hair follicle), which is present in about half 
of the AKs and virtually in the totality of SCCs 
(Fig. 23.6c, d). SCC can be differentiated from 
AK because of the presence of a disrupted DEJ 
(Fig. 23.5d) and of rounded projections of the 

epidermis into the dermis (budding and periad-
nexal collars) [17]. A good correlation between 
the above-mentioned HD-OCT features and 
histopathological findings has been demon-
strated [19].

a

b

Fig. 23.4 HD-OCT 
slice (vertical plane, a) 
and en face (horizontal 
plane, b) mode. Nodular 
basal cell carcinoma. 
Actinic damage of the 
epidermis: parakeratosis 
(presence of nuclei 
within the stratum 
corneum, orange circle) 
and atypical honeycomb 
pattern (cellular 
pleomorphism, yellow 
square)

a b

c d

Fig. 23.5 HD-OCT slice mode (vertical plane). 
Disarranged epidermal architecture in actinic keratosis/
squamous cell carcinoma: alternating hyperkeratosis 
(white star) and parakeratosis (orange star) (a); alternat-

ing hypertrophy (green star) and atrophy (yellow star) 
(b); and acantholysis (red star) (c). Disrupted dermal–epi-
dermal junction in a squamous cell carcinoma (grey star) 
(d)
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23.5  Other Applications 
in Dermatology

23.5.1  Melanocytic Lesions

The identification of architectural patterns and 
cytological features of pigmented cells is possible 

by using HD-OCT.  Therefore, this technique is 
able to offer additional 3D information to that 
coming from confocal microscopy. However, 
because of the lower lateral resolution (3 vs. 1 μm), 
HD-OCT remains inferior to confocal microscopy 
with regard to the differential diagnosis of benign 
and malignant melanocytic lesions [20–23].

a b

c d

Fig. 23.6 HD-OCT en face mode (horizontal plane). 
Honeycomb pattern: typical in normal skin (the epidermal 
keratinocytes are regular in size, shape and reflectivity, 
white star, a) and atypical in an actinic keratosis (the epi-
dermal keratinocytes are irregular in size, shape and 

reflectivity, orange star, b). Adnexal involvement in 
actinic keratosis can be absent (the typical cockade mor-
phology of the hair follicle is visible, yellow arrows, c) or 
present (the typical cockade morphology of the hair folli-
cle is lost, red arrow, d)
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23.5.2  Inflammatory Diseases

HD-OCT was shown to be useful in detecting dif-
ferent patterns of inflammatory diseases such as 
spongiotic, psoriasiform, interface and balloon-
ing dermatitis [24]. Indeed, both HD-OCT imag-
ing modes provide morphological features that 
are very similar to those detected by confocal 
microscopy and histopathology and, therefore, 
appear to be a promising method for non-invasive 
diagnosis, evaluation and management of com-
mon inflammatory skin diseases.

23.5.3  Contact Dermatitis

It has been demonstrated that HD-OCT provides 
an important help in differentiating allergic 
from irritant contact dermatitis, a differential 
diagnosis of great importance because of the 
different management that the two entities 
require [25]. In particular, the increased epider-
mal thickness observed in irritant but not in 
allergic dermatitis represented a significant 
finding in that regard.

23.5.4  Autoimmune Diseases

The additional value of HD-OCT in the diagno-
sis and management of morphea has been 
reported [26]. The most useful HD-OCT feature 
in this scenario is represented by the hypo-
refractivity of the dermis, which correlates with 
the thickening/hyalinization of the collagen  
and the decrease in adnexal structures, blood 
vessels and inflammatory infiltrate observed in 
histopathology.

23.5.5  Granulomatous Reactions

Sub-epidermal pigment and granulomatous 
changes after permanent make-up treatments can 
be visualized on HD-OCT examination and cor-
relate well with the histopathological findings. 
Moreover, treatment-induced regression of the 
lesions can also be documented [27].

23.5.6  Zoonoses

HD-OCT allows the fast and non-invasive 
in  vivo recognition of demodex folliculorum 
mites and is therefore useful in the diagnosis and 
treatment/monitoring of demodex-related skin 
diseases [28].

23.5.7  Skin Graft Evaluation

Boone et al. demonstrated that HD-OCT permits 
the real-time 3D visualization of the impact of 
selected agents on human skin allografts and is 
therefore important in the evaluation of the qual-
ity of dermal matrices [29].

23.5.8  Skin Ageing

Age-related changes in the morphology/organi-
zation of the dermal matrix fibres, in the dermal 
microvasculature and in the brightness/compac-
tion of the different skin layers can be observed 
by means of HD-OCT [30].

23.5.9  Optical Properties of Skin 
Conditions

The assessment of in  vivo optical properties of 
tissue by HD-OCT is able to enhance the diag-
nostic accuracy for several cutaneous diseases, 
and our group has performed several studies in 
this regard. As compared to the in vivo HD-OCT 
analysis of morphology alone, this approach was 
shown to improve the discrimination of BCC 
subtypes [31], the discrimination of AK from 
SCC as well as AK sub-differentiation [32], and 
the differential diagnosis between melanoma and 
benign melanocytic lesions [33].

23.6  Conclusions

In conclusion, HD-OCT is a non-invasive skin 
imaging technique able to provide the 3D visual-
ization of the skin. It is able to increase the diag-

23 High-Definition Optical Coherence Tomography



248

nostic accuracy for skin cancer, and it is of 
particular value for ‘vertical’ diagnoses such as 
the discrimination of BCC subtypes as well as the 
differentiation of AK from invasive SCC. While 
dermoscopy should stay as the first-line examina-
tion for the diagnosis/management of skin cancer 
and other cutaneous conditions, HD-OCT and 
confocal microscopy should be regarded as 
second- line tools that should be available in spe-
cialized centres.
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3D Imaging

Irene Campana, Giulia Tonini, Jean Luc Perrot, 
and Elisa Cinotti

24.1  Introduction

Many noninvasive imaging techniques have been 
developed over the years to supply an objective 
evaluation of healthy and diseased human skin 
[1–4], but the design of technologies able to pre-
cisely measure the surface and volume of the skin 
remains a continuous challenge [5]. In order to 
follow up skin changes over time, or before and 
after intervention, the dermatologist traditionally 
has had only his eyes, his memory, and at best a 
two-dimensional (2D) digital camera. Images 
can be used to check response to treatment, to 
document the localization of excised lesions, and 
to control disease progression. Whereas 2D pho-
tography surmounts the limit of memory recall, 
the problem of perspectively projecting a 3D 
object onto a 2D plane makes precise quantitative 
measurements from single 2D views impossible 
[5]. Three-dimensional (3D) imaging, on the 
other hand, provides an accurate and objective 
assessment of geometric and volumetric changes 
of the skin and can be better used for outcome 

simulation, treatment follow-up, and help in 
medico-legal questions [6–8].

Since the rise of computed tomography (CT) 
[9] in 1967 and magnetic resonance imaging 
(MRI) [10] in 1971, the term “three-dimensional 
(3D) imaging” has been related to techniques 
that can process true internal 3D data by catch-
ing volumetric pixels (or voxels) of the mea-
sured target. As opposed to CT and MRI, an 
imaging process measuring and analyzing sur-
faces (x, y, and z coordinates) in a 3D space is 
called “3D surface imaging” [11]. Since the 
1940s, 3D surface imaging technologies have 
analyzed the complexities of an object with ste-
reophotogrammetry [12, 13], image-subtraction 
techniques [14], Moiré topography [15] (e.g., 
Saito et  al. [16] in 2008 used this method to 
identify the characteristics of cheek sagging by 
analyzing skin displacement along the x, y, and 
z axes in 3D images), liquid crystal scanning 
[17], light luminance scanning [18], laser scan-
ning [19], structured light [20], stereolithogra-
phy [21], and video systems [22–25]. These 
systems offer 3D analysis successfully [17, 23–
25], but most have not been employed in clinical 
routine due to time-consuming processes, poor 
image quality, and unpredictable costs. In the 
last decade, progresses in optical systems 
including structured light [26] and stereophoto-
grammetry [27] have produced 3D surface 
imaging with less time consumption, generating 
precise 3D surface images, handling vast data 
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formats efficiently, and being more accessible to 
patient protocols [26, 28].

Structured light technology (e.g., Axis Three) 
evaluates the 3D surface of an object by the 
deformation of a projected pattern. The simplest 
set-up consists of one projector, which projects a 
pattern (stripes, grid, dots, etc.) onto the object’s 
surface, and a calibrated camera which catches 
an image of the object overlaid by the pattern 
from a viewing direction different from the pro-
jector to see the deformation of the projected pat-
tern. Knowing the design and geometry of a 
projected pattern and perception of the deforma-
tion by the 3D surface of the object, it is possible 
to estimate the 3D surface of the object and pro-
duce a 3D surface image [26]. The benefits are 
that it can be applied on surfaces without any 
color textures (e.g., ceramic and steel) and that is 
relatively unaffected by specular reflection [29]. 
However, both strip projections and video cam-
eras need to be checked by a computer, which can 
make the system bulky to operate or move. 
Another disadvantage is that image texture is 
acquired independently from the surface which 
can result in a potential shift between geometry 
and color texture [29]. Because these tools 
require a time sequence of images to be recorded, 
any skin movement while recording further 
affects the accuracy of such systems [5].

Stereophotogrammetry (e.g., 3dMD, Canfield, 
and Di3D) instead makes use of multiple simulta-
neous views and image correlation to rebuild 3D 
surfaces [30]. The fundamental principle is simi-
lar to the human visual perception. “Stereovision” 
systems are attractive as they allow direct visual-
ization of the subject in 3D with stereo glasses. 
Whereas image acquisition occurs within 1/200 s, 
the main disadvantages are that these instruments 
require textured surfaces to operate and may be 
sensitive to specular reflection. “Auto-calibration” 
can be employed when only stereovision is of 
interest, but it is obligatory to rely upon absolute 
calibration in order to obtain useful geometric 
measurements [31].

There are three kinds of stereophotogramme-
try: active, passive, and hybrid. Active stereo-
photogrammetry is based on structured light. It 
sends out a light pattern onto the surface of an 

object and uses two (or more) cameras to cap-
ture the deformation of the pattern by the 
objects’ surface from different viewpoints. A 
3D surface image is created by a process called 
triangulation, calculating the 3D coordinates of 
each 2D point (pixel) visible in both camera 
views, with no additional lighting [28]. By con-
trast, “passive stereophotogrammetry” gives life 
to 3D surface images based only on the images 
taken by two (or more) cameras without the pro-
jection of a pattern. Due to the missing projected 
pattern, finding correspondences between views 
and images is more difficult and ambiguous. It 
is of paramount importance to select high-qual-
ity cameras, to catch surface details and suffi-
cient texture information of the objects of 
interest including natural patterns, such as 
pores, freckles, scars, and rhytides. The lighting 
conditions must be carefully checked, since a 
strong directional ambient light may cause 
glare, decreasing the surface details [28]. Lastly, 
“hybrid stereophotogrammetry” merges both 
active and passive, to gain higher accuracy and 
quality in 3D surface imaging [32].

24.2  3D Surface-Imaging Systems 
for the Face and Small Body 
Parts Based on Stereovision

Most 3D cameras that are available for derma-
tology on the market have been designed for the 
face and small body parts and are based on 
 stereovision with absolute calibration to be uti-
lized for accurate 3D reconstruction and quanti-
fication of skin structures [5] (e.g., LifeVizTM, 
QuantifiCare, Valbonne, France; 3dMDTMInc., 
Atlanta, GA, USA; Di3DTMLtd, Glasgow, 
Scotland; Vectra H1®, H2® and XT 3D-SI®, 
Canfield Imaging Systems, Fairfield, NJ, USA). 
Two-dimensional images acquired from three 
different perspectives are automatically merged 
in a 3D image. One of the major advantages of 
the passive stereovision system is its facility of 
use. Image acquisition can be performed in a 
practical and rapid way which is of great advan-
tage in clinical routine as well as in clinical 
studies.
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Reproducible pictures are usually possible to 
obtain without repositioning systems, thanks to a 
dual beam pointer. When the two convergent 
beams overlap, the doctor is at the right distance 
to take the pictures. The cameras are matched 
with software for image management, 3D surface 
reconstruction/visualization, and 3D surface 
analysis (measurement of volume, depth, and 
perimeter). The scanned image can be usually 
seen in two or three dimensions, changing the 
viewing angle and adjusting the magnification 
for close examination of the areas of interest.

Skvara H et al. [5] used LifeVizto to monitor 13 
BCCs treated with a topical hedgehog inhibitor 
(LDE225) versus 14 BCCs treated with a vehicle 
during 4 weeks. This stereovision system was used 
to measure 3D surface, 3D volume, and lesion 
height that resulted sensitively reduced after 29 
days of treatment with LDE225. Unpublished 
findings have shown that this technology is also 
ideally adapted for the in vivo investigation of the 
treatment success after filler application into fine 
wrinkles, wound management, as well as treat-
ment of acne scars and keloids [5].

3dMD is currently one of the most widely 
used digital stereophotogrammetry technology 
[33]. It exploits hybrid stereophotogrammetry 
(active and passive), with the software algorithms 
using both projected random patterns and texture 

of the skin (pore, freckles, etc.) to produce a 3D 
surface image (Fig. 24.1) [34–37]. System cali-
bration takes up to several minutes depending on 
the hardware set-up [32]. 3dMD offers six differ-
ent hardware products, each adapted for a spe-
cific application: 3dMD face, 3dMD head, 3dMD 
torso, 3dMD body, 3dMD trio, and 3dMD 
dynamic 4D systems (which capture up to 10 min 
of sequential 3D surface images of 60 frames per 
second, showing the movement of a 3D surface 
over time) [32]. 3dMD face system consists of 
two modular units, each of which contains one 
full color and two black-and-white machine 
vision cameras, and an industrial-grade flash sys-
tem synchronized in a single capture [38]. All 
cameras are positioned at a fixed distance and 
angle to ensure overlapping fields of view [28], 
and they simultaneously capture all images in 
1.5 ms, limiting the risk of motion artifacts, with 
another 30 s of processing to automatically gen-
erate the final 3D model [33]. System calibration 
takes about 2  min. The 3dMD Vultus software 
can be used to visualize 3D volumes and simulate 
soft-tissue outcomes (surgical and nonsurgical) 
by making a fusion between 3D surface image 
and CT and CBCT (cone beam CT) and employ-
ing a biomechanical mass-spring model [39].

DI3D employs standard digital still cameras 
and normal photographic flash illumination to 

Fig. 24.1 Images of a face (upper line) and a skin tumor 
(lower line) taken with LifeVizTM 3 camera (QuantifiCare, 
Valbonne, France). Visualization software allows to rotate 

the body changing the viewing angle in order to observe 
the skin from different perspectives
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catch in 1 ms simultaneously one or more stereo 
pairs of images of a subject. Each stereo pair of 
images is elaborated using Dimensional Imaging’s 
proprietary passive stereophotogrammetry soft-
ware to produce automatically a dense range map 
image. The range map images and original high-
resolution color images are then fused to create a 
highly defined 3D surface image. Unlike other 
methods of 3D scanning, DI3D does not need any 
pattern projection or laser scanning onto the scene 
[40]. In fact, it exploits passive stereophotogram-
metry. System calibration takes about 5 min. The 
standard system is the DI3D FCS-100 [32] that is 
planned specifically to capture high-definition 3D 
surface images of the human face. It utilizes four 
cameras to produce 3D facial surface images with 
highly detailed surface texture maps. Dimensional 
Imaging’s passive stereophotogrammetry soft-
ware quickly processes captured stereo pairs of 
images into complete seamless 3D models [40]. 
Ultimately DI3D view is a 3D analysis, simula-
tion, and measurement software which can merge 
the resulting 3D surface image with CT/CBCT 
[32]. It permits even the highest-resolution DI3D 
3D surface images to be viewed at full definition, 
so that every detail is clearly displayed. Several 
high- resolution DI3D 3D surface images can be 
opened and seen simultaneously in multiple 
views, remarkably improving efficiency and com-
munication [40]. Besides in 2010 Di3D launched 
a 4D system, which captures 3D video sequences 
of dynamically changing surfaces [32].

The Vectra H1 system consists of a single 
handheld Canon camera body fitted with a spe-
cial lens and a range-finding apparatus to allow 
for 3D capture. Because the Vectra H1 system 
comprises a single camera, each individual cap-
ture is limited in surface coverage. Thus, three 
sequential captures are necessary to obtain the 
facial surface from ear to ear. Through the cap-
ture process, patients must be seated and directed 
to keep a neutral facial expression. For the first 
capture, the camera need to be positioned 45° to 
the patient’s right and approximately 30  cm 
below the patient’s face (at chest level), such that 
the camera is tilted slightly upwards. This posi-
tion ensures that the underside of the chin and 
nose are adequately captured. The Vectra H1 sys-

tem guides the user with visual prompts to ensure 
that the camera is at the correct distance from the 
facial target, with two projected green dots func-
tioning as a guide. When the dots converge on the 
facial surface, the camera distance is correct. For 
the first capture, the patient is positioned properly 
when the converged green dot is located on the 
right cheek, at the level of the right nasal ala hori-
zontally and the outer corner of the right eye ver-
tically. The second capture is a frontal shot taken 
at face level, with the green dot positioning guide 
located on the participant’s philtrum. The third 
capture repeats the process for the first capture 
but positioned to the patient’s left side. For each 
capture, the participant remains immobile, and 
the camera user is required to move to the neces-
sary position. According to the manufacturer, the 
speed of each capture is 2 ms. The minimum time 
between captures is approximately 5 s, so that the 
entire capture process takes about 20–30 s to be 
completed [33].

The first validation study of Vectra H1 was 
produced by Camison L et al. [33]: the authors 
compared 3D facial images of 26 adult partici-
pants captured with the Vectra H1 system and 
with the previously validated 3dMD face system 
showing that the first images were highly compa-
rable to the second ones. The results of this study 
suggest that the Vectra H1 camera system is accu-
rate and reliable enough for most clinical and 
research applications and that 3D facial surfaces 
collected from Vectra H1 and 3dMD can be com-
pared and/or combined in most circumstances. 
Gibelli D et al. confirmed the results of Camison 
L et  al. [41]. The authors compared Vectra H1 
portable stereophotogrammetric device with 
static Vectra M3 devices showing that the first 
one proved reliable for assessing linear measure-
ments, angles, and surface areas; conversely, the 
influence of involuntary facial movements on 
volumes and distances was more important com-
pared with the static device. Peculiar fields of 
application of Vectra H1 are objective burn scar 
measurements [42], intraoperative evaluation of 
body surface improvement in plastic surgery 
[43], and analysis of the surface change in 
response to targeted facial fat grafting [44]. The 
device has also been used as tool for 3D photo-
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graphic documentation in a trial for the evalua-
tion of antiaging efficacy of melatonin-based day 
and night creams [45] and in forensic pathology 
representing relatively low-cost solutions for 
three-dimensional surface postmortem body doc-
umentation [46].

Vectra H2 is a portable lightweight 3D imag-
ing device ideal not only for facial esthetics, but 
even for breast and body ones. The camera pro-
vides two unique sets of ranging lights, one for 
face and one for body, to ensure optimal capture 
distance and resolution. The device provides a 
quantitative approach to soft tissue change 
assessment that characterizes the degree of 
stretch, compression, lift, and volumization.

Vectra XT 3D-SI can capture 3D face, breast, 
and body ultra-high-resolution color images. 
Thanks to a capture time of 3.5 ms, it is immune 
to subject movement. In 2018 O’Connell RL 
et al. validated the use of this device for measur-
ing breast volume and symmetry showing that 
the device is able to measure the volume of a 
simple breast-shaped object with an average 
accuracy of about 2.2% underestimation of the 
true volume and with satisfactory repeatability 
and reproducibility [47].

24.3  3D Reconstruction from 2D 
Image Analysis

There are programs that produces 3D surface 
images from three 2D digital pictures (one fron-
tal and two profiles) taken with a consumer 
camera, physical distance measurements of the 
patient’s anatomy, and a set of landmarks. 
CrisalixTM (Crisalix, Switzerland) was the first 
web-based 3D simulator for plastic surgery and 
esthetic procedures. Being a web-based applica-
tion, it provides worldwide access allowing for 
online discussions between physicians and sim-
plifies upgrades and maintenance since doctors 
have only to login and use the application. 
Crisalix does not disclose how fast the 3D sur-
face image is generated or the duration of the 
entire process, but considering the image acqui-
sition time, it can be 10–15 min. A simulator for 

biomechanical simulations of breast implants 
and skin elasticity and a simulator for surgical 
and nonsurgical facial procedures are available 
[32]. The latter creates a patient-specific virtual 
3D face on which physicians can directly show 
the intended procedural changes to the patient 
with the 3D planning tools (filling, skin clearing 
or rejuvenation, and rhinoplasty) in different 
points of view.

The study of Oliveira-Santos in 2013 [48] has 
showed that physicians are able to reconstruct 
faces of patients in less than an average of 5 min 
with a 3D web system similar to Crisalix, which 
allows the application to be used within standard 
consultation time. The most time-consuming 
parts of the procedure are the manual definition 
of the body landmarks and correction of the body 
contours (averaging around 2 and 3  min, 
respectively).

Three-dimensional reconstruction was devel-
oped with the aim to facilitate communication 
between physicians and patients. Patient under-
standing about the esthetic procedure, and conse-
quently satisfaction with the consultation, is 
expected to grow up with the use of 3D virtual 
face representation and procedure planning [48].

24.4  3D Cameras for Close-up 
Images of Small Body Areas

3D cameras have also been developed to obtain 
close-up images of small areas allowing finer, 
detailed observations of the skin (e.g., LifeViz® 
Micro, QuantifiCare, Valbonne, France, which 
has a field of view of 50 × 70 mm).

Three-dimensional cameras able to obtain 
close-up images can be used for example to 
objectively assess acne scars during treatment, 
especially in clinical research [49]. Two- 
dimensional scar imaging has inbuilt limitations 
for the evaluation of scars as a result of variability 
with environmental factors such as lighting, 
shadows, and camera positioning. Furthermore, 
many of the current full-face digital camera 
devices lack sufficient resolution to reliably 
detect and quantify scar volumes.
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It is important to find a reliable, repeatable, 
and standardized methodology for analyzing 3D 
images. Some studies reported that 3D imaging 
measurements of scar volume decreased after 
pulsed laser treatment but did not describe the 
methodology for the computation of volume 
[50]. The study of Petit et  al. identified a nor-
malized parameter (Valley void volume, volume 
of scars mm2) for the observation of atrophic 
scars by the 3D camera [49]. These parameters 
were related to clinical severity, repeatable, sta-
tistically correlated with clinical observations of 
scars in the range of 2–4  mm, and little influ-
enced by positive volume (due to papules/pus-
tules or other primary acne lesions) [49].

Some 3D cameras besides allow multispectral 
analysis of epidermis and dermis pigmentation 
[51]. Antera 3D® (MIRAVEX Dublin, Ireland) 
illuminates the skin with light-emitting diodes 
(LEDs) of different wavelengths from different 
directions and takes advantage of reflectance 
mapping of seven different light wavelengths 
spanning the whole visible spectrum. It measures 
a small area of 56 × 56 mm and can project any 
part of the body. The images obtained are not 
dependent on lighting conditions—achieved by a 
combination of polarized filters and proprietary 
technology—which guarantees reproducible 
conditions and accuracy of the results [52]. 
Thanks to the multispectral sources and the three- 
dimensional mapping of the skin surface, the 
measurement of melanin and hemoglobin is 
accurate. Moreover, it is possible to determine 
the size, extension, and distribution of capillaries, 
to give a quantitative measure of skin roughness 
and texture and to measure width, length, and 
depth of fine lines, wrinkles, and grooves. Antera 
3D also has a “spot-on-automatic image” func-
tion that assures the coincidence between the 
selected areas in different images, compensating 
for the differences due to the different position-
ing of the patient during the acquisition of the 
images. Antera 3D® is more sensitive in the 
detection of rhytides compared with VISIA® 
system [52]. Otherwise there is an acceptable 
correlation between the two instruments in mea-
suring skin color [52].

24.5  Other Cameras for the Whole 
Face Surface

Although VISIA® system (Canfield Imaging 
Systems, Fairfield, NJ, USA) does not provide 
3D images, it is a standardized photography sys-
tem that allows an analysis of the whole face with 
information that approximates to 3D imaging. It 
is one of the most widely used imaging analysis 
device in the dermatology research, esthetic prac-
tices, and skin care industry, providing a guide 
for the selection of skin care products and treat-
ment options.

It consists of a facial imaging chamber 
(Fig. 24.2) which is connected to a computer for 
a quantitative analysis [52, 53].

VISIA® has three kinds of light sources: stan-
dard incandescent light, UV light, and polarized 
light (Table  24.1). The standard flash light is 
 suitable to identify spot, wrinkle, texture, and 
pore (Fig.  24.3). Spots are recognized by their 
color and contrast from the surrounding skin, 

Fig. 24.2 VISIA® system (Canfield Imaging Systems, 
Fairfield, NJ, USA)
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including freckles, acne scars, and vascular 
lesions. Wrinkles are identified by their long nar-
row shape. Besides there can be variation in the 
measurement of wrinkles based on facial expres-

sion. The images derived from standard lighting 
can also focus on the texture of the skin, report-
ing elevations and depressions on the skin sur-
face. Finally, pore size is identified by identifying 
very small spots.

The ultraviolet flash light instead is used to 
highlight the ultraviolet spot and porphyrin 
(Fig.  24.3). The ultraviolet lighting takes 
 advantage of the selective absorption of ultravi-
olet light by epidermal melanin in comparison 
to deeper melanin, thereby stressing solar len-

Table 24.1 Different skin features observed by VISIA

Type of flashlighting Skin characteristic analyzed
Standard Spots, rhytides, texture, pore 

size
Ultraviolet Ultraviolet spots, porphyrin
Cross-polarized Brown spots, red areas

Fig. 24.3 Face images acquired with VISIA® system 
with standard incandescent light (left and central column) 
and UV light (right column). Starting from the first image, 

spots, pores, porphyrins (UV light), wrinkles, texture, and 
UV spots (UV light) are visible on the right (images 1–6) 
and left (images 7–12) sides of the face
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tigines. Porphyrin becomes fluorescent when 
exposed to ultraviolet light. Porphyrins are 
 produced by bacteria, specifically 
Propionibacterium acnes, in the skin. Porphyrin 
bioburden in follicles and sebaceous glands may 
be linked to acne or suggest a propensity for 
breakouts [53].

Orthogonal, cross-polarized flashlight is help-
ful for viewing the brown spot and red area by 
Canfield’s patented RBXTM [53]. This system tar-
gets the main chromophores affecting the remit-
ted light (i.e., skin color): melanin and 
hemoglobin. Thanks to the cross-polarized light-
ing, VISIA RBX system is capable to detect 
deeper deposition of melanin than is detected 
using the ultraviolet images. From the brown 
component image, a secondary hyperpigmented 
spot detection image can be created. The hemo-
globin helps to measure the amount of redness in 
the skin, including background erythema, telan-
giectasia, and vascular lesions. From the red 
component image, a secondary, vascular feature 
can be employed which delineates remarkable 
blood vessels [54].

Insofar that primary color signatures red and 
brown are related to hemoglobin and melanin 
components, respectively, and this color space is 
called Red/Brown/X (RBX). The skin image 
caught by the digital camera comprises Red (R), 
Green (G), and Blue (B) channels and is pre-
sented in a RGB space. RBX transforms this 
RGB image into the RBX color-space where the 
Red and Brown channels stand for hemoglobin 
and melanin distributions, respectively. For accu-
rate imaging of melanin and hemoglobin, it is 
essential that the re-emitted light from the skin 
lack specular reflections. The skin image is cap-
tured under polarized illumination with a pair of 
orthogonally polarized filters located over the 
flash and on the camera lens, respectively. Cross- 
polarization removes specular reflections from 
the skin surface, improving visibility of re- 
emitted light from the epidermis and dermis 
where melanin and hemoglobin reside. Red/
Brown images can be further elaborated to calcu-
late severity scores correlated with the degree of 
pigmentation and with vascularization. The 
severity scores can be employed for controlling 

the progress after treatment for hyperpigmenta-
tion and vascularization. The follow-up images 
are essentially more demonstrable than those 
captured with conventional photographic tech-
nique [55]. VISIA can also measure changes in 
eyelash length, for example, with the use of 
bimatoprost [53].

The Reveal® Imager (Canfield) clearly shows 
clients what is between them and the beautiful 
appearance they desire and provides a printed 
report with treatment recommendations. Its main 
features are:

• Loupe-tool targets a selected area of the image 
for maximum impact. It is possible to zoom 
within, expand, or shrink the loupe using a 
mouse or touchscreen.

• Reproducible facial photography ensures 
repeatable images between time-points with 
built-in positioning aids and standardized 
lighting.

• Multi-mode illumination through standard 
white light and cross-polarized flash photog-
raphy to record surface and sub-surface skin 
condition.

• Aging simulation simulates the aging process 
to show clients older or younger by 5–7 years 
for spots, wrinkles, or both.

• 3D Viewer visualizes the skin’s surface in 
three dimensions from any angle, rendered in 
natural skin tone, color relief, or gray scale.

• Eyelash analysis evaluates the results of lash 
improvement treatments with numerical 
assessments and graphic visualizations [56].

24.6  3D Total Body Photography

In order to monitor different skin diseases and in 
particular pigmented tumors, dermatologists 
have traditionally been dependent on visual eval-
uation, clinical memory recall, and, if available, a 
2D digital camera. However, the manipulation of 
a 3D surface like human skin into a 2D photo-
graph can prejudice the accuracy of the image 
and is time consuming. It needs multiple separate 
images of the patient to be caught in a variety of 
anatomical positions which can then overlap or 
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conversely fail to include nevi if they are not cap-
tured from the specific anatomical angle of the 
single camera.

Total body photography has recently viewed 
an evolution from 2D imaging to a 3D represen-
tation of the patient. A 3D imaging system com-
bining total body photography and sequential 
digital dermoscopic imaging (SDDI) of individ-
ual skin lesions enables all existing melanocytic 
lesions on a patient to be monitored from a mac-
roscopic perspective in combination with the der-
moscopy morphology. Since 2015, a prototype 
3D total body photography (TBP) imaging sys-
tem (Vectra WB360, Canfield Scientific Inc, 
Parsippany, NJ, USA) made up of 46 cameras has 
been utilized in clinical trials for the follow-up of 
high-risk individuals at the Princess Alexandra 
Hospital, Brisbane, Australia. In 2017, the com-
mercial system was launched, with improved 
imaging capacities through 92 cameras pared 
within 46 pods, each pod aimed at designated 
portions of the body from different angles. The 
cameras catch the images simultaneously, and 
then the software automatically combines all the 
2D photographs to build a digital 3D avatar of the 
patient. Both standard non-polarized lighting and 
cross-polarized lighting are used, and all neces-
sary lighting is provided within the system. The 
patient has to hold only one anatomical position, 
and the image acquisition happens within 3 ms. 
The 3D representation makes the 360-degree 
rotation possible to view all body angles, includ-
ing curved surfaces which are particularly com-
promised with 2D imaging. Although the 3D 
image represents a relatively high-resolution 
macroscopic image, additional digital dermos-
copy, which captures an image so close to what is 
seen through a handheld dermoscope, is often 
required for an exhaustive evaluation. The der-
moscopic images are connected to the corre-
sponding lesion marked on the 3D avatar thanks 
to DermaGraphix software. This permits accurate 
documentation of the exact anatomical position 
of all lesions, with the aim to assess their evolu-
tion. Because modification in a lesion is the most 
sensitive way to detect skin cancer early, this 
approach may allow for closer monitoring of sus-
picious lesions with more accurate assessments 

of change over time, minimizing unnecessary 
biopsies, and capturing malignant evolution at an 
earlier stage [57]. TBP and SDDI may be estab-
lished at various remote sites and managed by 
nurses, clinical assistants, and junior doctors, 
who can then send images to teledermatologists.

The 3D imaging approach offers several 
advantages over the standard 2D imaging tech-
niques for clinicians and patients:

 (1) First and foremost, the time needed to image 
the patient is significantly shorter, requiring 
only one near-instantaneous image capture 
rather than the repositioning and series of 
photographs of the two-dimensional 
approach. This means less time for the patient 
to be exposed and only one pose necessary, 
determining an overall more comfortable 
experience. In fact the time the patient is 
nude or semi-nude is reduced by 10–20 min 
compared to 2D photography body mapping 
systems, reducing patient anxiety.

 (2) Only one 3D image is required to create a 
body map, instead of 16 or more 2D images, 
eliminating the need for a skilled photogra-
pher taking 10–20 min to capture the images.

 (3) Easy and immediate mapping, measuring, 
and tracking of pigmented lesions and dis-
tributed skin conditions such as psoriasis 
throughout the entire body. This provides 
additional information to assist the clinician 
when assessing the patient’s condition. This 
data is also useful for medical studies associ-
ated with skin conditions;

 (4) The images in the 3D TBP are included into 
one comprehensive digital model, eliminat-
ing the overlap between adjacent images that 
happens with 2D TBP.  This helps to give 
consistency in the appearance of the size of 
lesions, whereas with the 2D imaging, if an 
image is taken at an angle, it may appear 
larger than its actual size.

 (5) 3D imaging can recreate the surface texture 
and allows a lesion to be viewed from all 
angles. The digital model can be moved and 
rotated as wanted to gain a better  visualization 
of a particular lesion. This is useful for look-
ing moles on curved body surfaces [57, 58].
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Unfortunately, these techniques have a lot of 
limits:

 (1) 2–8% of melanomas are hypopigmented, and 
their detection on a 3D total body photogra-
phy imaging system may be less reliable than 
with pigmented lesions.

 (2) The large physical size of the unit and the 
important expense and complexities around 
its management and storage.

 (3) Incapability of monitoring lesions in the gen-
ital, acral, and scalp body sites and within 
body folds. These locations need to be inde-
pendently assessed and documented with 
separate photography.

Therefore, 3D TBP is still living its infancy, 
requiring ongoing research and validation before 
it will have a significant impact on standard der-
matological care [57].
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25.1  Introduction

In the field of skin research, Raman spectroscopy 
(RS) is an upcoming analytical technique capable 
of analyzing the chemical composition of materi-
als by measuring vibrational modes of biomole-
cules which derives from an inelastic light 
scattering process. With RS, a laser photon is 
scattered by a sample molecule and loses or gains 
energy during the process. RS is commonly visu-
alized by the wave number shift from incident to 
scattered photons against the scattering intensity. 
The patterns of wavelength shifts after irradiation 
of a sample with laser light are a sole characteris-
tic for a specific chemical structure, otherwise 
said “molecular fingerprint” [1]. In fact, the 
amount of energy lost is seen as a change in 
energy of the irradiating photon: this energy loss 
is characteristic for a unique and particular bond 
in the molecule [2].

RS, as a diagnostic tool, has the advantage of 
being nondestructive, requires no sample prepa-
ration [3], and is less influenced by strong water 
signals than Fourier transform infrared spectros-

copy [4, 5] entailing larger measuring depths. It 
is particularly sensitive with the possibility of 
analyzing small volumes, and confocal RS has a 
spatial resolution below 1 micron [1]. Biological 
samples can be examined in their physiological 
environment [6] which facilitates in vivo applica-
tions on skin. Raman spectra can also be used to 
generate images of the skin. Hence, in contrast to 
other noninvasive optical methods for skin imag-
ing such as optical coherence tomography, 
 reflectance confocal microscopy (RCM), or mul-
tiphoton tomography, RS is molecular specific 
[7]. Besides, the combination of RS and RCM on 
a handheld camera that works in vivo unlocked 
new opportunities [1, 8] as the information on 
chemical composition and on distribution of 
components are added to the horizontal topo-
graphic spatiality, and these data can be obtained 
directly on the patient.

Due to these advantages, RS bears great 
potential for diverse skin applications. Besides 
it allows, among the others, the study of skin 
physiology such as measuring the hydration of 
the stratum corneum [9–11] or acquiring pene-
tration depth profiles of topically applied sub-
stances to the skin [12, 13]. RS is considerably 
interesting for skin cancer diagnosis, and it can 
be used for intra-operative tumor margin assess-
ment [14].
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25.2  Main Ex vivo Skin 
Applications

The studies illustrated in this section show some 
of the versatility and the multiple ex vivo applica-
tions of RS for the evaluation of the skin. First 
ex  vivo investigations of human skin by RS 
started in the early 1990s by analyzing the physi-
ology in comparison to vibrational spectroscopy. 
Barry et al. [15] assigned the respective Raman 
spectra to the corresponding dermal component 
using cadaver skin and demonstrated the efficacy 
of RS for the study of excised skin biopsies (SB). 
Their studies went on studying a mummy of 
about 5000 years, found frozen in the South Tyrol 
[16]. The composition and structures of lipids in 
the mummy’s skin under RS turned out to be 
even unaltered.

The acquisition of Raman data in z-direction 
series consents to investigate the penetration 
behavior of the substances. This profile can eval-
uate the effectiveness of topical drug delivering 
in different skin layers. Tfayly et al. [17] tracked 
the penetration of metronidazole through excised 
skin ex vivo. A study of Ashtikar et al. [18] pre-

sented a relatively simple method to obtain 
z-Raman profiles of human stratum corneum 
using RS on intact full-thickness SB of untreated 
skin and diffusion patterns for deuterated water 
and beta-carotene. Also Anigbogu et  al. [19] 
described the mechanism of skin absorption of 
dimethyl sulfoxide. They reported a change in the 
tertiary protein structure of keratin at the level of 
the stratum corneum and an increase in lipid 
fluidity.

A new application concerns the exact identifi-
cation of foreign bodies in the skin such as soft 
tissue fillers (Fig. 25.1) and tattoo pigments [20–
22] and the recognition of endogenous substances 
accumulated during storage diseases such as cys-
tine (Fig. 25.2) [23].

25.3  Main In vivo Skin 
Applications

In addition to the RS ex vivo applications, numer-
ous authors have been reported about clinical 
potential of Raman on in  vivo skin research. 
Aside from studies about the physiological state 

Fig. 25.1 Ex vivo Raman spectra of microspheres of fill-
ers show a series of peaks at 600, 813, 970, 1252, 1450, and 
1728  cm−1 characteristic of polymethylmethacrylate 
(PMMA); y-axis: intensity in arbitrary units (a.u.); peak at 
2951 cm−1 is not shown in the present spectrum, and a lumi-

nescence signal is also present in the graph; x-axis: wave-
number (cm−1). Inset on the left shows the clinical aspect of 
the subcutaneous nodules that has been biopsied in order to 
identify the injected filler by Raman spectroscopy and inset 
on the right shows the Raman peaks of PMMA
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and evaluations of topical substances penetration, 
RS also leads to the potential for diagnosis in vivo 
and the follow-up of therapeutic effects.

The high specificity of RS bearded out the 
high heterogeneity of skin, and an extreme vari-
ety of applications of RS to study its physiologi-
cal properties have been tested. Huang et al. [24] 
verified that there is no spectral difference 
between the synthesized eumelanin and the one 
examined in  vivo. Discriminate between age- 
related skin damage and photodamage was the 

subject of the analysis by Gonzales et  al [25]. 
Tfayli et  al. [26], by principle RS analysis, 
described changes in the lipid composition of the 
skin related to aging. Lately, Barba et  al. [27] 
evaluated the different capability of two-solvent 
systems on inducing changes in the lipids of the 
stratum corneum.

By using RS, Vyumvuhore et al. [28] discrim-
inated parameters between xerotic and normal 
skins, such as the lack of organization and con-
formation of lipids in this skin, an increase in the 
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Fig. 25.2 Ex vivo Raman spectra of the forearm skin and 
cornea of a patient suffering from cystinosis (intensity in 
arbitrary unit in the axis of ordinates and Raman shift in 

cm−1 in the axis abscissas). The specific signature of cys-
tine is clearly identified in both tissues thanks to the band 
at 499 cm−1
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trans-epidermal water loss (TEWL) and a low 
hydration rate in xerotic skin. Over time, other 
investigations on the state of skin hydration state 
took place. Egawa conducted numerous studies 
on skin hydration, describing the different 
amount of water present in the skin according to 
the season, area of the body, age [29], and 
depending on the exposure of the skin to water 
[30]. To verify the effectiveness of various emol-
lient creams in dermatology, Chrit et al. described 
the level of skin hydration after application of 
moisture enhancements [31]. Nowadays the mea-
sure of skin hydration with RS has become an 
established and standardized procedure. Its reli-
ability, reproducibility, and its noninvasive nature 
have made this measurement one of the most 
popular applications of RS.

Pharmaceutical investigations such as drug 
penetration kinetics within the different skin 
 layers were conducted by numerous groups of 
study. Topically applied substances can be 
checked in depth by confocal RS, considering 
penetration behavior in  vivo. An example for 
topical delivery by a skin formulation is the 
application of sunscreens. The latter is supposed 
to stay in the superficial layer to perform their 
functions. Recently, Tippavajhala et  al. [32] 
tested commercial sunscreens on healthy human 
volunteers with RS, to find out that the penetra-
tion was restricted to stratum corneum.

Broding et al. [33] were able to demonstrate 
the ability of RS to detect the percutaneous pen-
etration of several potentially dangerous sub-
stances into the skin. 2-Butoxyethanol, toluene, 
and pyrene were applied in pure form, diluted in 
water, or in ethanol on the skin of three healthy 
volunteers. In addition to the spectral results, 
they observed a marked difference in penetration 
timing when the substance was dissolved in water 
instead of ethanol.

A study conducted by Mélot et al. [34] com-
pared the propriety of several penetration enhanc-
ers to facilitate retinol delivery through the skin. 
All enhancers considerably increased the pene-
tration deepness of the active principle. 
Mohammed et al. [35] evaluated the penetration 
of various niacinamide formulations by high- 
performance liquid chromatography in  vitro 
compared with results obtained by RS in vivo.

Psoriasis has been characterized by Egawa 
et  al. [36] exploring involved and uninvolved 
areas of skin. RS and optical coherence tomogra-
phy found lower water contents and a thicker 
stratum corneum in the psoriatic areas. After 
treatment, all the monitored skin structures, even 
natural moisturizing factor and ceramides, nor-
malized. Alda et al. [37] studied changes of the 
skin components of patients suffering from nickel 
allergy. RS could plainly differentiate between 
healthy and affected skin areas.

O’Regan et al. [38] differentiated three filag-
grin genotypes causing atopic dermatitis under 
RS considering the RS signatures of the natural 
moisturizing factor present in the corneum layer.

Monitoring the level of urea is useful in 
patients with renal disease and to control the ben-
efits of dialytic therapy. Wascotte et al. [39] found 
that a source of urea in the skin, unrelated to the 
concentration circulating in the blood, can be 
demonstrated by RS in the flux extracted by ion-
tophoresis across the skin.

Schallreuter et  al. [40] observed that Dead 
Sea water is able to break up hydrogen peroxide 
(H2O2). The result of their study, assessed using 
RS to follow the decompose of H2O2 in the skin 
affected by vitiligo, showed a significantly 
quick start of repigmentation after a combina-
tion of 21  days of climatotherapy at the Dead 
Sea in combination with a pseudo catalase 
cream.

Until now, distinguishable divergence in the 
spectroscopic patterns of healthy and diseased 
skin have been found. This implicates the poten-
tial for global characterization and classification 
of spectral analysis by RS in vivo. Despite being 
promising, larger data sets are required to estab-
lish accurate diagnostic power, define cost- 
effectiveness criterions, and extend the 
applicability to the detection of serial parameters.

25.4  Skin Cancer Diagnosis

With modern Raman microscopic devices, it is 
already possible to successfully identify skin 
cancers in SB and in a real-time in vivo setting. 
There is no Raman spectrum specific of a skin 
cancer type, and different studies used different 
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statistical analysis in order to differentiate skin 
lesions. Gniadecka et al. [41] compared with RS 
several SB of melanoma, pigmented nevi, and 
normal skin reporting 85% of sensitivity and 
99% of specificity for melanoma. Nijssen et al. 
[42, 43] were able to discriminate basal cell car-
cinoma (BCC) from the surrounding skin. RS 
was compared to histological staining methods. 
The analysis succeeded in differentiating 
between dermis and BCC, but it was hard to find 
differences between epidermis and 
BCC.  Afterwards, evaluating a wide panel of 
SB, Lieber et  al. [44] were able to discern 
between the different types of malignant skin 
cancers (BCC, squamous cell carcinoma, mela-
noma) and normal skin with a high diagnostic 
accuracy. Larraona-Puy et  al. [45] found the 
same diagnostic accuracy of RS and expert his-
topathologists for the differentiation of BCC 
from hair follicles.

Lately, Lui et al. [46] evaluated the use of RS 
in the in  vivo setting. In total 518 benign and 
malignant skin lesions from 453 patients were 
evaluated with RS including melanomas, BCCs, 
squamous cell carcinomas, actinic keratoses, 
atypical nevi, melanocytic nevi, blue nevi, and 
seborrheic keratoses. They reached an area under 
the receiver operating characteristic curve (ROC 
AUC) of 0.879 for differentiating malignant and 
premalignant lesions from benign skin lesions 
in vivo. The same group [47] also found a ROC 
AUC of 0.894 when analyzing additional 127 
cases.

Philipsen et  al. [48] investigated how skin 
pigmentation influenced Raman spectra and 
skin tumor diagnostics in  vivo. They demon-
strated that RS is useable for melanoma and 
BCC discrimination in vivo and that pigmenta-
tion of the skin or lesion does not influence the 
diagnosis.

The prospects are promising, and in the near 
future, RS could be used as a complement of the 
current diagnostic methods for automatic in vivo 
skin cancer diagnosis. However, further improve-
ments in cost-effectiveness, in establishing algo-
rithms, and in standardizing instruments are 
necessary.

25.5  Conclusions

Gradually, RS has obtained increasing interest 
for the investigation of physiological and patho-
logical states of the skin. In the last few years, 
many investigations focused on the very high 
potential of RS in skin research. RS demonstrates 
the potential to become a standard tool at the ser-
vice of pharmacology and cosmetology for the 
assessment of novel drugs and cosmetics. 
Particularly for depth features of substance pen-
etration, both ex vivo and in vivo, RS has estab-
lished its value. For the in vivo investigations, the 
high pattern variability still means a major chal-
lenge for researchers and statistical-standardized 
data analysis. Another enforcement with very 
hopeful perspective is diagnosis and character-
ization of skin diseases. With RS it is already 
possible to detect skin cancer ex vivo and in vivo. 
Nevertheless, the use of the equipment and the 
analysis of spectral elements requires training 
and experience. Subsequent simplification and 
standardization in measurement systems and 
analysis are needed to release all the potential of 
RS. Thus, there will be available in the everyday 
practice economically disposable and increas-
ingly functional devices that will lead RS to 
become a standard analytical technique.
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Multispectral and Hyperspectral 
Imaging for Skin Acquisition 
and Analysis
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26.1  Introduction

Multispectral and hyperspectral imaging are 
methods for measuring the spectral reflectance of 
surfaces, which have shown high potential for 
skin analysis. They provide noninvasive, in vivo, 
pixel-by-pixel measurements. The spectral reflec-
tance is the radiometric quantity describing how 
much incident light is reflected by an object 
according to the wavelength of the light [1]. This 
quantity can be used to simulate color under any 
illuminant (such as natural sunlight, indoor light-
ing), to reveal information usually invisible to the 
naked eye, and to estimate the optical properties 
of a material, making it suited to numerous appli-
cations in various fields including heritage, art, 
agronomy, biology, and medicine [2–6]. 
Originally developed for observing Earth from 
space, spectral modalities of imaging have 
become more and more prevalent in the last 
decade, thanks to the progress in sensor perfor-
mances and computational power. The develop-
ment of applications that can be used for skin 
acquisition and analysis is still in its infancy 

today, but it is foreseeable that new optical tools 
for noninvasive diagnosis will be available in the 
future.

Skin, considered here as an optical component, 
can be described as a heterogeneous translucent 
material that absorbs and scatters light [7] (skin 
also contains elements that reemit light by fluores-
cence, but this property is not discussed in this 
chapter). Incident light on skin, apart from the por-
tion of flux that is specularly reflected at the inter-
face with air, undergoes multiple subsurface 
scattering events resulting from inhomogeneity in 
biological structures, as well as absorption by 
chromophores such as melanin and hemoglobin. 
The light that has not been absorbed and that has 
been backscattered toward the surface can exit the 
material and be captured by the eye or by a cam-
era. Given that the optical properties of each skin 
component are wavelength-dependent, the 
received signal carries a “spectral signature” 
related to the skin that has been traversed. As such, 
appearance and measured spectral reflectance both 
contain information pertaining to skin structure 
and composition. Measuring the spectral reflec-
tance of skin and analyzing its spectral signature 
can therefore be used as a method for investigating 
the condition of a person’s skin, without the need 
for sample excision. A number of studies have 
explored the potential medical applications of 
spectral imaging, including for burn analysis [8], 
melanoma detection [9],  erythema grading [10], 
characterization of vascular structures [11], and 
chromophore map estimation [12, 13].
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In this chapter, we outline various spectral 
imaging techniques. The potential for spectral 
imaging to reveal or enhance relevant details for 
skin investigation is then discussed and illus-
trated with examples on both normal and patho-
logical skin. Finally, methods for analysis using 
spectral images are presented, before drawing 
conclusions.

26.2  Spectral Imaging Techniques

Spectral imaging extends conventional RGB 
color imaging by replacing the three channels 
corresponding to three large wavebands (red, 
green, blue) with a considerably higher number 
of wavebands [14]. Multispectral imaging and 
hyperspectral imaging are based on a similar 
principle and differ only in the number of chan-
nels acquired. While multispectral imaging typi-
cally measures 4–15 wavebands, hyperspectral 
imaging comprises up to hundreds of narrow 
wavebands of similar bandwidth covering con-
tiguously the visible spectrum, as well as the 
ultraviolet (UV) and infrared (IR) domains. 
Spectral imaging can also be compared to spec-
troscopy, whereas spectroscopy measures the 
average spectral reflectance of a given area, spec-
tral imaging provides a value for each pixel of the 

camera’s field, therefore a spectrum in many 
small areas on the observed surface, making it 
especially suitable for the observation of hetero-
geneous surfaces. Spectral image data are often 
called “hypercubes” since they are three dimen-
sional: two dimensions corresponding to the spa-
tial domain, one dimension corresponding to the 
spectral domain.

Many near-field spectral imaging systems 
have been developed using various technologies 
and physical principles, with different specifici-
ties in terms of spatial resolution, spectral resolu-
tion, surface shape constraints and acquisition 
time. The capacity to distinguish details on a 
spectral image is dependent on both the spectral 
and spatial resolutions. A good spectral resolu-
tion allows discrimination between very subtle 
variations in the spectral reflectance which can 
indicate variations in the material composition. A 
good spatial resolution makes it possible to see 
very fine details. With the exception of snapshot 
cameras [15], which acquire the spectral image 
instantaneously (providing multispectral data 
only), the acquisition of a “hypercube” requires a 
temporal scan. Two methods, illustrated in 
Fig. 26.1, are commonly used [6, 14]. The first 
method is the staring approach, also called the 
wavelength scanning approach, which records 
the full spatial information for each spectral band 

Fig. 26.1 Concepts of the staring and pushbroom approaches for hyperspectral imaging

L. Gevaux et al.



273

and requires a temporal scan of the spectral 
dimension. This method relies on a wavelength 
selection system, such as a filtering wheel, a tun-
able filter, or a set of monochromatic LEDs to 
light the set-up. The second method, the pushb-
room approach or line scanning approach, con-
sists of acquiring the spectral information for a 
single line of an image. The complete image is 
then retrieved by performing a temporal scan of 
the second spatial dimension. This second 
method uses a wavelength separating system 
such as a diffraction grating or a prism.

The spectral reflectance information is 
obtained after a calibration step using a perfectly 
diffusing white sample. Experimentally, the 
spectral reflectance is generally not measured 
directly: the spectral reflectance is defined as the 
ratio of reflected flux to incident flux, and it is 
difficult to precisely measure the incident flux. 
Spectral reflectance factor is often measured 
rather than reflectance. The reflectance factor is 
obtained by dividing the spectral radiance mea-
sured from the object with the spectral radiance 
measured from a reference surface (a perfectly 
white diffuser) that is illuminated and viewed in 
the same way as the object. When the measured 
surface is uniformly diffusing (i.e., Lambertian), 
which is approximatively the case for skin if we 
ignore the gloss reflection, spectral reflectance 
factor and spectral reflectance are equal to each 
other [1]. However, when measuring parts of the 
body that are not flat, the calibration method does 
not account for the illumination variations that 
can occur. In shadows, the measured reflectance 
varies proportionally to the local irradiance of the 
surface.

Although spectral imaging is an active field 
of research with innovative solutions regularly 
presented, many of the existing spectral imaging 
systems are not entirely suited to acquisitions on 
living organs. In vivo skin applications require 
good spatial resolution in order to distinguish 
small elements, good spectral resolution to 
enable physics-based analysis, and short acquisi-
tion time to reduce the risk of the subject moving 
during the acquisition. As high-resolution spec-
tral imaging most often uses a temporal scan, 
this latter requirement is especially challenging.

26.3  Spectral Images of Normal 
and Pathological Skin

The images presented in this section have been 
obtained using the SpectraCam® and 
SpectraFace® hyperspectral cameras [12, 13] 
developed by Newtone Technologies, France. For 
both the cameras, acquisition time is approxima-
tively 2  s, and spectral resolution is 31 wave-
lengths, sampled every 10  nm in the visible 
spectrum between 400  nm and 700  nm. The 
 specular reflection on the stratum corneum, 
 usually related to the visual sensation of gloss, is 
 discarded using polarization filters in a 
 cross- polarization configuration [13]. The 
SpectraCam® camera acquires images from 
areas of 5 × 4 cm, while the SpectraFace® can 
acquire a full face. The images taken with these 
cameras have shown their capacity to reveal rel-
evant skin properties. Images of pathological 
skin have also been acquired to illustrate the 
potential contribution of spectral imaging as a 
tool for diagnosis.

The spectral images can be visualized either 
wavelength by wavelength, or as a color image 
obtained by converting the spectrum in each pixel 
into RGB color values (or color coordinates in 
another color space) by considering one illumi-
nant, i.e., one spectral power distribution for the 
light source (Fig. 26.2d). Figure 26.2a, b, and c 
show the same hyperspectral image displayed at 
three different wavelengths, each of them high-
lighting a specific skin characteristic, such as 
skin translucency (which increases with wave-
length), or melanin and hemoglobin light absorp-
tion properties.

The images of Fig. 26.2 are displayed as gray 
levels as follows. Light gray levels correspond 
to areas of skin that reflects a lot of the incident 
light toward the camera, and dark gray levels 
correspond to areas of skin that absorb a lot of 
light. They can be analyzed in conjunction with 
the graph displayed in Fig.  26.3, showing the 
absorption properties of the main skin chromo-
phores according to the wavelength of light 
[16–18]. On this graph, the plotted quantity is 
the spectral absorption coefficient μa (in cm−1.
g−1.L), defined as the probability for one photon 
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a b

c d

Fig. 26.2 Example of a hyperspectral image: Image at 420 nm (a), at 590 nm (b), at 700 nm (c), color image after D65 
illuminant RGB conversion (d)
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of light to be scattered when traveling through 
1  cm of a material containing 1  g of chromo-
phore per liter.

At low wavelengths (Fig.  26.2a), which are 
often called the blue wavelengths, melanin stains 
are especially visible, as melanin mainly absorbs 
UV and blue light. Skin is also strongly scatter-
ing at these wavelengths, which means that blue 
light cannot travel very deep into the skin before 
exiting (skin is strongly opaque in this spectral 
domain). The consequence of this property on the 
hyperspectral image is that skin superficial struc-
ture and fine lines are clearly visible.

Blood vessels appear (Fig. 26.2b) with a good 
contrast between 530 nm and 600 nm (green and 
orange colors), due to a peak in the absorption 
properties of hemoglobin in this part of the visi-
ble spectrum. At these wavelengths, it can also be 
noticed in Fig. 26.3 that the absorption of oxyhe-
moglobin and deoxyhemoglobin differs, a prop-
erty used in pulse oximetry to calculate the 
oxygen saturation level.

Beyond 650 nm (red color and infrared radia-
tions) (Fig.  26.2c), skin is less scattering and 
therefore more translucent, which allows light to 
travel deeper. Consequently, skin appears more 
uniform at higher wavelengths, as the details on 
its surface are blurred by multiple scattering. 
Finally, skin chromophores are also almost trans-
parent (i.e., their absorption coefficient is close to 
zero) for red light: lips and skin have the similar 
gray levels at 700 nm.

Various effects that can be observed on patho-
logical skin are illustrated by two examples in 
Fig. 26.4.

Figure 26.4.a shows the presence of angiomas 
and lentigos, whose appearance varies according 
to two distinct patterns when looking at different 
wavelengths. These distinct patterns may consti-
tute a classification criteria. On the image at 
440  nm, both angiomas and lentigos appear as 
dark spots, as a consequence of light absorption 
by both melanin and hemoglobin at this wave-
length. At higher wavelengths, the blood con-
tained in angiomas, visible with a high contrast at 
520 nm and 580 nm, suddenly “disappears” from 
the image between 620 nm and 700 nm, as it is 
transparent in this spectral range (its absorption 
coefficient is almost zero beyond 600  nm, as 
shown in Fig. 26.3). The visual variation, of len-
tigos is different: their visibility gradually fades 
as the wavelength increases.

The second example (Fig. 26.4b), showing a 
hemangioma and a scar, demonstrates how spec-
tral imaging can reveal information about how 
deep blood vessels are in skin. At 440 nm, a few 
blood vessels can be distinguished, but since skin 
is very scattering at this wavelength, light cannot 
propagate very deep in the tissue, and we can 
deduce that these blood vessels are very close to 
the surface. As the wavelength increases (see, for 
example, at 520 nm and 580 nm), skin becomes 
more and more translucent, and we can see more 
and more vessels. For each spectral image, the 
newly visible vessels are located a bit deeper in 
skin than the one visible at the previous wave-
length. At 620 nm and 700 nm, blood is transpar-
ent; therefore, blood vessels are no longer visible 
and skin appears very homogeneous. The scar 
color does not visibly vary according to the wave-
length, as scar tissue does not contain melanin or 
blood vessels.

26.4  Spectral Image Analysis

In this section, we consider a typical application 
of spectral image analysis: the calculation of 
chromophore maps [12, 13]. Skin analysis from 

Fig. 26.3 Spectral absorption coefficient μa (λ) for 
eumelanin, pheomelanin, oxygenated hemoglobin 
(HbO2), and deoxygenated hemoglobin (Hb) [16–18]
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hyperspectral data can be described as an inverse 
problem: from experimental measurements, the 
causes of a phenomena are sought. In the case of 
chromophore map calculations, this inverse prob-
lem is rather complex, as it must take into account 
a number of parameters (melanin concentration, 
oxygen rate, blood content, and so on). The solu-
tion that we have selected describes the direct 
problem by using a skin model and a light radia-
tive model and uses an optimization algorithm to 

estimate the skin parameters. This method can be 
described as a “physics-based” approach, since it 
relies on a physical model of light–skin 
interactions.

According to this approach, skin is modeled 
as a two-layer material. The upper layer repre-
sents the epidermis and contains melanin. The 
bottom layer, assumed to be semi-infinite, repre-
sents the dermis and contains hemoglobin in its 
oxygenated and deoxygenated forms. Regarding 

a

b

Fig. 26.4 Spectral images of a 5 × 4 cm area of skin at various wavelengths and color representation (sRGB) for angio-
mas and lentigos (a), and for a hemangioma and a scar (b)
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the interactions between light and translucent 
materials, the radiative transfer theory [19] is a 
powerful formalism which models absorption 
and multiple scattering phenomena. However, 
this method is computationally consuming. A 
simplified model is often preferred. One such 
model is the two-flux theory [20–22], especially 
adapted to multilayer media. This method con-
siders the propagation of two diffuse light fluxes 
in opposite directions (forwards and backwards) 
and their mutual exchanges. The method allows 
for the calculation of spectral reflectance of the 
layered material given the optical properties 
(absorption and scattering) of each layer. Finally, 
the Beer–Lambert–Bouguer law [23] gives the 
relationship between the absorption properties of 
each layer, the chromophore concentrations and 
the individual absorption properties of each 
chromophore.

The direct model described above yields the 
skin spectral reflectance when the skin chromo-
phore composition is known. Inversely, the skin 
chromophore concentration can be estimated from 
the measured spectral reflectance by a process of 
optimization. This consists of finding, for each 
pixel, the parameters that minimize the distance 
between the measured spectrum and the spectrum 
predicted by the model. The optimization param-
eters concern only the absorption properties of 
skin chromophores, the scattering properties are 
assumed to be constant on the face. Typical values 
from the literature are used [16–18].

Figure 26.5 illustrates results obtained from 
applying this analysis method on a full-face 
hyperspectral image. Figure 26.5a, b, and c show 
maps that respectively represent blood volume 
content, oxygen rate, and melanin concentration, 
computed from the concentrations of oxyhemo-
globin, deoxyhemoglobin, and melanin provided 
by the optimization process.

This method yields good results when applied 
to normal skin. However, for pathological skin, 
the results are far more uncertain, since the opti-
cal model does not account for specific structures 
or chromophores that can be found in pathologi-
cal tissues. Hence, the study of pathological skin 
using a physics-based approach would require a 
more complex model of skin.

Databases and artificial intelligence can there-
fore help, for example, through utilizing an artifi-
cial neuron network to solve complex, nonlinear 
problems. Such an approach is based on learning 
a set of data for which both the cause and the 
measured phenomena are known. This approach 
is for example used in the MelaFindTM system 
[24], which is especially designed to facilitate 
melanoma identification. A multispectral image 
composed of 10 channels in the visible and near 
infrared domains is acquired, then compared to a 
database of over 9000 lesions that were imaged 
and biopsied with histopathology results. The 
comparison, performed using pattern recogni-
tion, allows for a scoring, providing a general 
recommendation for or against biopsy.

a b c

Fig. 26.5 Maps of blood volume content (a), oxygen rate (b), and melanin concentration (c)
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Finally, for many applications, the aim of 
spectral image analysis is not to precisely retrieve 
the complete optical properties, but to identify 
the presence or the absence of a specific optical 
signature in the measured signal. With this goal 
in mind, high resolution spectral imaging and 
physics-based analysis methods can be used in 
preliminary research in order to design cheaper 
and faster analysis methods.

26.5  Conclusion

Multispectral and hyperspectral imaging have 
already shown their potential for skin study and 
are active fields of research in optics for biomed-
ical applications. The development of further 
optical devices for skin study can also be 
expected, as they can perform in vivo, noninva-
sive, and fast acquisitions. Their emergence can 
be credited to the improvement of both measure-
ment systems and computer calculation power, 
which allow for the solving of increasingly com-
plex problems. The ability to acquire images 
with a high spatial resolution is particularly ben-
eficial for applications in dermatology, as the 
observed objects might contain very small 
details. A good spectral resolution, such as the 
one characterizing hyperspectral imaging, is also 
advantageous for skin study as it provides opti-
cal information which can be related to material 
characteristics using a physical model used in 
inverse approach. However, high spectral resolu-
tion systems remain complex and expensive 
devices, which are often fragile and can impose 
acquisition constraints and thus limit their use 
outside of a research context. In parallel to the 
development of high- resolution acquisition cam-
eras, current research is trending toward using 
artificial intelligence and big data to compensate 
for the shortcomings of acquisition systems. 
Another tendency has been to design simpler and 
cheaper systems for large consumer applica-
tions, based on the acquisition of few well-cho-
sen wavebands, in order to exhibit very specific 
properties.

References

 1. Hébert M, Hersch RD, Emmel P.  Fundamentals of 
optics and radiometry for color reproduction. In: Kriss 
M, editor. Handbook of digital imaging. Chichester, 
UK: John Wiley & Sons, Ltd; 2014. p. 1–57.

 2. Liang H.  Advances in multispectral and hyperspec-
tral imaging for archaeology and art conservation. 
Applied Physics A. 2012;106(2):309–23.

 3. Cucci C, Delaney JK, Picollo M. Reflectance hyper-
spectral imaging for investigation of works of art: Old 
master paintings and illuminated manuscripts. Acc 
Chem Res. 2016;49(10):2070–9.

 4. Lorente D, et  al. Recent advances and applica-
tions of hyperspectral imaging for fruit and veg-
etable quality assessment. Food Bioprocess Tech. 
2012;5(4):1121–42.

 5. Manley M.  Near-infrared spectroscopy and hyper-
spectral imaging: non-destructive analysis of bio-
logical materials. Chem Soc Rev. 2014;43(24): 
8200–14.

 6. Lu G, Fei B. Medical hyperspectral imaging: a review. 
J Biomed Opt. 2014;19(1):010901.

 7. Igarashi T, Nishino K, Nayar SK. The appearance of 
human skin: a survey. Foun Trends® Comput Graph 
Vis. 2007;3(1):1–95.

 8. Calin MA, et  al. Characterization of burns using 
hyperspectral imaging technique—A preliminary 
study. Burns. 2015;41(1):118–24.

 9. Tomatis S, et  al. Automated melanoma detection 
with a novel multispectral imaging system: results 
of a prospective study. Phys Med Biol. 2005;50(8): 
1675–87.

 10. Madooei A, et al. Hyperspectral image processing for 
detection and grading of skin erythema. Presented at 
SPIE Medical Imaging, 24 February 2017, Orlando, 
Florida, United States; 2017.

 11. Randeberg LL, Larsen ELP, Svaasand 
LO.  Characterization of vascular structures and 
skin bruises using hyperspectral imaging, image 
analysis and diffusion theory. J Biophotonics. 
2009;3(1–2):53–65.

 12. Seroul P, et al. Model-based skin pigment cartography 
by high-resolution hyperspectral imaging. J Imaging 
Sci Technol. 2016;60(6):60404–1.

 13. Gevaux L, et  al. Three-dimensional hyperspectral 
imaging: a new method for human face acquisition. 
Electron Imaging. 2018;2018(8):152-1–152-10.

 14. Garini Y, Young IT, McNamara G.  Spectral imag-
ing: principles and applications. Cytometry A. 
2006;69A(8):735–47.

 15. Hagen N, Kudenov MW.  Review of snapshot spec-
tral imaging technologies. Opt Eng. 2013;52(9): 
090901.

 16. Jacques SL. Optical properties of biological tissues: a 
review. Phys Med Biol. 2013;58(11):R37–61.

 17. Jacques SL. https://omlc.org/spectra/melanin/

L. Gevaux et al.

https://omlc.org/spectra/melanin/


279

 18. Prahl S. https://omlc.org/spectra/hemoglobin/.
 19. Magnain C, Elias M, Frigerio J-M. Skin color mod-

eling using the radiative transfer equation solved 
by the auxiliary function method. J Opt Soc Am A. 
2007;24(8):2196.

 20. Kubelka P, Munk F. An article on optics of paint lay-
ers. Z. Tech. Phys. 1931;16:593–609.

 21. Kubelka P. New contributions to the optics of intensely 
light-scattering materials part II: Nonhomogeneous 
layers∗. J Opt Soc Am. 1954;44(4):330.

 22. Hébert M, Emmel P. Two-flux and multiflux matrix 
models for colored surfaces. In: Kriss M, editor. 
Handbook of digital imaging. Chichester, UK: John 
Wiley & Sons, Ltd; 2015. p. 1–45.

 23. Wyszecki G, Stiles WS. Color science: concepts and 
methods, quantitative data and formulae. 2nd ed. 
New York: Wiley; 1982.

 24. Kupetsky EA, Ferris LK.  The diagnostic evaluation 
of MelaFind multi-spectral objective computer vision 
system. Expert Opin Med Diagn. 2013;7(4):405–11.

26 Multispectral and Hyperspectral Imaging for Skin Acquisition and Analysis

https://omlc.org/spectra/hemoglobin/


281© Springer Nature Switzerland AG 2020 
M. Fimiani et al. (eds.), Technology in Practical Dermatology, 
https://doi.org/10.1007/978-3-030-45351-0_27

Electrical Impedance 
in Dermatology
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27.1  Introduction

Electrical impedance (EI) is the measure of the 
opposition that a circuit presents to an alternating 
electrical current when a voltage is applied with 
various frequencies [1, 2]. When this current is 
applied to a biological material or tissue, electri-
cal impedance reflects the clinical status of the 
tissue under study. In general, impedance at low 
electrical frequencies is related mainly to the 
molecular properties of the extracellular compo-
nent, whereas the capacitive properties of the cell 
membranes and the intra- and extracellular com-
ponent of the tissue are reflected by electrical 
impedance at both high and low frequencies.

In previous investigations, it was measured 
and estimated the electrical properties for a large 
number of tissue types, in conjunction with a 
broad range of electrical impedance applications 
[1]. Electrical impedance has been used in a wide 
range of clinical applications, ranging from dif-

ferentiation of different cancer types [3–5], 
tomography in lung and cardiac disorders, myog-
raphy of neuromuscular disorders and body com-
position [6, 7].

In initial studies from 1998 to 2005, different 
authors reported that there are statistically 
 significant electrical impedance differences 
between healthy reference skin, basal cell carci-
noma (BCC) and squamous cell carcinoma (SCC) 
[3–5]. In these preliminary studies [8–11], it was 
demonstrated that it is possible to use the differ-
ences in electrical impedance between melanocytic 
benign lesions and BCC to classify the two catego-
ries with accuracy. In 2004, Dua R and co- workers 
[9] and Åberg P and co-workers [10] demonstrated 
that EI measured with non-invasive method on the 
skin can be used to differentiate BCCs, actinic ker-
atosis, SCC and benign melanocytic nevi. The 
same authors showed that with a lower accuracy at 
that time it is possible to rule out melanoma.

In 2003, Åberg P and co-workers [11] proposed 
a microinvasive electrode composed with 
extremely small pins that penetrate into the stra-
tum corneum with the intention to reduce the elec-
trical impedance of the stratum corneum, and, 
consequently, be less influenced by possibly irrel-
evant biological variations than electrical imped-
ance measured with a non-invasive flat electrode. 
The same group reported in 2005 in a pilot study 
including a limited number of 16  melanomas that 
the accuracy of these new electrodes was higher 
than the regular non-invasive flat electrode [12].

J. Malvehy (*) · S. Puig 
Dermatology Department, Hospital Clinic of 
Barcelona, IDIBAPS, University of Barcelona, 
Barcelona, Spain 

CIBER de Enfermedades Raras, Barcelona, Spain
e-mail: jmalvehy@clinic.cat

A. Barreiro-Capurro
Dermatology Department, Hospital Clinic of 
Barcelona, IDIBAPS, University of Barcelona, 
Barcelona, Spain 
e-mail: barreiro@clinic.cat

27

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-45351-0_27&domain=pdf
https://doi.org/10.1007/978-3-030-45351-0_27#ESM
mailto:jmalvehy@clinic.cat
mailto:barreiro@clinic.cat


282

27.1.1  Principle of Electrical 
Impedance Spectroscopy (EIS) 
in the Skin

Electrical impedance is a measure of the skin’s 
opposition to the flow of alternating electric cur-
rents of various frequencies [1]. The electrical 
impedance of skin lesions reflects the clinical 
status of the tissue under study. Normal and 
pathologic tissue differ with regard to cell size, 
shape, orientation, compactness, structure of cell 
membranes and molecular composition. These 
properties of the skin tissue affect its capability 
to store and conduct electricity and they are 
reflected in the EI measurement (Fig.  27.1). 
Finally, a skin tumour that would be diagnosed 
by clinical, dermoscopic or histological exami-
nation can also be classified by analyses of the 
impedance spectrum.

In general, impedance at high frequencies is 
related both to the reactance of the cell mem-
branes and to the resistive properties of the extra- 
and intracellular components, whereas impedance 
at low electrical frequencies is related mainly to 
the resistive properties of the extracellular com-
ponent of the lesion (Fig.  27.1). Therefore, a 
given outcome of an EIS measurement is both 
magnitude and phase shift at each frequency 
included in the spectrum.

27.1.2  Electrical Impedance 
Measurements

27.1.2.1  Electrical Impedance 
Spectrometer

Different electrical impedance spectrometers 
have been used in previous studies with almost 
equivalent modes of operation, but only 
Nevisense has been approved for the clinical use 
in dermatology. The most recent version of this 
device will be described in this chapter. The 
Nevisense technology for EIS is a patented tech-
nology developed over 20 years at the Karolinska 
Institute in Stockholm [14] and is distributed by 
SciBase. It is based on substantial research and 
has achieved positive results in the largest clini-
cal study of its type conducted within the detec-
tion of malignant melanoma. Nevisense is CE 
marked in Europe, has TGA approval in Australia, 
and now also has a FDA clearance in the United 
States.

In contrast to previous versions of Nevisense, 
there is no longer a need for a separate reference 
measurement for each lesion to be tested. Healthy 
skin features previously taken from the reference 
measurement can now be extracted from the 
lesion. Eliminating the reference means that there 
are fewer steps to perform which makes it easier 
to integrate the test into clinical practice.

Fig. 27.1 Schematic representation of current pathways 
of low and high frequencies. Yellow lines represent low 
frequency currents that primarily reflect the extracellular 
environment. High frequencies represented in red lines 
reflect both the intra- and extracellular environment. The 

EIS is different in healthy tissue (upper schematic) com-
pared to abnormal tissue with disorganized cellularity 
(inferior schematic) (Reproduced with permission from 
[13]). “Courtesy of SciBase GmbH”, 2020, All rights 
reserved)
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The device holds a database for storing and 
sharing of patient data and examination. Utilizing 
Artificial Intelligence (AI) for improved user 
feedback is integrated in the software to guide the 
operator and increase efficiency in clinical 
practice.

The EIS system consists of a control unit, a 
measurement probe and a disposable microinva-
sive electrode as shown in Fig. 27.2.

The control unit processes examination data 
and presents the results of the EIS measurement 
on the display. The display is equipped with a 
touch screen for user interaction. The probe unit, 
connected to the control unit through a cable, is 
used to initiate the electrical impedance measure-
ments. The system measures electrical imped-
ance at 35 set frequencies, logarithmically 

distributed from 1.0  kHz to 2.5  MHz. An EIS 
measurement includes both magnitude and phase 
shift at each frequency in the spectrum (Fig. 27.3). 
A complete electrical impedance measurement 
takes less than 10  s. The applied voltage and 
resulting current are limited to 150  mV and 
75 μA, respectively, which is imperceptible to the 
patient. This results in a maximum of power and 
energy that can be delivered to the skin tissue of 
11.25 μW and 113 μJ, respectively. EIS is a mea-
sure of the overall resistance within the tissue at 
alternating currents of various frequencies.

Microinvasive Electrode
Before every examination, a disposable electrode 
is attached to the probe. The electrode is for 
single- patient use and after every examination 
and a maximum of 20 lesion measurements, the 
operator removes the electrode and disposes of it. 
The electrode has five bars with 45 microscopic 
pins on each bar. The electrode surface and 
microinvasive pins are coated with a thin gold 
layer. Each pin is pyramid shaped and is approxi-
mately 150 μm high with a 170  mm triangular 
base. The electrical signals pass between the bars 
and measure the impedance in the lesion as illus-
trated in Fig. 27.3 covering a measurement area 
of 5 mm × 5 mm. The pins are designed to pene-
trate approximately 10–20 μm in depth into the 
stratum corneum, thus not producing any harm in 

Fig. 27.2 EIS system consists of a control unit, a mea-
surement probe and a disposable microinvasive electrode 
(Courtesy of SciBase GmBH, 2019)

Fig. 27.3 The EI is 
measured by applying 
an unnoticeable 
alternating potential 
between the bars on the 
tip of the probe. In order 
to cover the lesion in 
width and depth, the 
measurement is 
performed in 10 
permutations covering 
shallow measurements 
between neighbouring 
electrode bars as well as 
deeper measurements 
between more distant 
electrode bars at four 
different depths 
(Courtesy of SciBase 
GmBH, 2019)
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the epidermis component (Fig. 27.4a and b). The 
pins are 150 μm long with a 170 μm (triangular 
base). Since the pins neither reach the blood ves-
sels nor the sensory nerves in the dermis, the 
probe is classified as microinvasive and measure-
ments with the electrodes are painless.

EIS is measured by applying an alternating 
potential between the bars of the electrode. To 
cover the lesion in both area and depth, the mea-
surement is performed in 10 permutations cover-
ing both shallow measurements between 
neighbouring electrode bars as well as deeper 
measurements between more distant electrode 
bars at four different depths [13].

The system can also be equipped with a flat 
concentric electrode that is not yet used in stan-
dard clinical practice, but is used in research.

27.1.2.2  General Examination 
Procedure

Electrical impedance measurements are per-
formed after entering patient data into the control 
unit via the touch screen. In previous versions of 
the system, the operator had to perform at least 2 
measurements, one on typical healthy skin (refer-
ence) located nearby to the lesion and one or 
more on the lesion. Recently, the method has 
been modified and the reference measurement is 
no longer required.

Prior to measurements, the lesion surface is 
moistened with physiological saline solution 
(0.9% salt concentration) for a minimum of 30 s. 
Thereafter the excess fluid is wiped off with a dry 
compress. The electrode is placed against the 
lesion and a measurement is initiated. The out-
come of the measurement is curves illustrating 
phase shift (degrees) and magnitude (in kOhms) 
at multiple depths and permutations (Fig. 27.5). 
The lesion measurement takes about 10 s to per-
form but more than one measurement may be 
needed to cover the entire lesion.

The results of the measurements are analysed 
and displayed on the Nevisense screen. The 
Nevisense classifier provides an EIS score output 
from 0 to 10 reflecting the degree of atypia identi-
fied by the method. This can be used together 
with clinical information and the results of other 
examinations such as dermoscopy or confocal 
microscopy (Figs. 27.6, 27.7, 27.8 and 27.9).

27.1.2.3  Clinical Studies of EIS 
in Dermatology

Electrical impedance is a fast, non-invasive and 
painless safe tool with a relatively low cost and 
has been used in measuring skin or stratum cor-
neum hydration [15–24].

EIS has also been applied to distinguish aller-
gic and irritant contact dermatitis by evaluating 

a b

Fig. 27.4 Electrode used for EIS.  Image of the probe 
with the electrode (a) and electron micrograph of the 
micro-pins on the surface of the electrode system (b). The 

pins are 150  μm long with a 170  μm triangular base 
(Courtesy of SciBase GmBH, 2019)
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Fig. 27.5 Graphic representation of the measurement of the EIS in a melanoma (Reproduced with permission from [13])

Fig. 27.6 Dermoscopy 
and histopathology of 
atypical melanocytic 
nevi with an EIS score 
of 2
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the degree of irritation in human skin [25–27]. In 
addition, the electrical impedance values have 
been assessed to discriminate skin tumours, such 
as basal cell carcinoma, melanoma or dysplastic 
nevi [4, 9, 28–32].

In this section, we will review the main studies 
in dermatology.

Studies in Non-tumour Diseases
In 1992, Ollmar and co-workers [33] reported on 
healthy volunteers subjected to irritation by 
sodium lauryl sulphate at different concentrations 
and measured with electrical impedance. Good 
agreement between concentration and an irritation 
index calculated from electrical impedance param-
eters was found over the whole concentration 
range for most test persons. These results sug-
gested that EI could be used as an objective tool to 
record irritation, and the authors suggested that 
electrical impedance might be a more sensitive 
method than the commonly used visual readings. 
Other consequent studies explored EIS in contact 
dermatitis [33–36]. Nyren M and co-workers 
found that through the application of the imped-
ance technique, it could be possible to characterize 
objectively and quantify the wheal reaction. The 

Fig. 27.7 Digital follow-up of a patient with CDKN2A mutation. Dermoscopy shows enlargement and atypical pig-
ment network. Histopathology reveals an in situ melanoma. EIS score 4

Fig. 27.8 42-year-old man with atypical mole syndrome. 
A new melanocytic lesion on the back with EIS score 1. 
The pathology reports a benign nevi
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results of this study also suggested that cutaneous 
reactions of completely different causes, such as 
allergic skin reactions of the late and immediate 
type, and irritant contact reactions, might be dis-
tinguished by the EIS [37].

The same group compared EIS in irritant con-
tact dermatitis and nickel-induced allergic der-
matitis. At the magnitude of skin reactions 
induced in this study, unlike the irritant reactions, 
no significant increases in transepidermal water 
loss occurred in the allergic contact reactions. It 
was speculated that allergic contact reactions did 
not significantly affect the epidermis because the 
inflammatory process is located deeper in the 
dermis than an irritant reaction. The authors con-
cluded that EIS is suitable for distinguishing 
between contact reactions of allergic and irritant 
nature [27]

In studies in the oral mucosa, the differences 
in electrical impedance between various anatom-

ical locations were mapped and the ability of the 
impedance technique to detect mild reactions in 
the buccal mucosa including those induced by the 
irritant sodium lauryl sulphate has been explored.
[38–40]

In a study for the evaluation of the effects of 
topical clobetasol propionate in normal skin, 
Emtestam L and co-workers reported in 10 
healthy volunteers, treated with clobetasol pro-
pionate on the forearm covered by a dressing 
overnight, that the dermal blanching can be eval-
uated with a skin impedance spectrometer [41].

EIS was observed to be dependent on the lipid 
content of the stratum corneum as studied by 
lipid extraction [42]. The same group evaluated 
the EIS properties of clinically normal atopic 
skin with that of non-atopic skin. The results 
showed that EIS was a useful method for detec-
tion of changes in the lipid content of the stratum 
corneum by discriminating healthy looking 

Fig. 27.9 A SSMM Breslow 0.16 mm. EIS score 6
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atopic skin from healthy control skin, and to 
detect changes in reactivity between the two 
groups [43].

Hung CY and co-workers evaluated EIS for 
the differentiation between clavus and verruca in 
57 lesions from hands and feet [44].

27.1.2.4  Clinical Studies of EIS in Skin 
Cancer

In a first study in 1998, Emtestam L and co- 
workers evaluated EIS in 11 patients with a total 
of 12 nodular BCC, diagnosed clinically and his-
tologically [32]. The non-invasive measurements 
were performed by transepidermal water loss 
(TEWL) and electrical impedance. For reference, 
normal looking contralateral or ipsilateral skin 
was used.

The EI measurements of BCCs showed statis-
tically significant changes of the impedance indi-
ces compared to non-affected skin. Compared to 
controls, the mean TEWL of BCC was increased, 
but this finding was not statistically significant.

A preclinical study was conducted by 
Glickman YA and co-workers on nude mice 
injected subcutaneously with a human melanoma 
strain. Impedance measurements were recorded 
every week to correlate electrical changes with 
tumour growth and histological findings. A clini-
cal study was also performed on 178 human sus-
picious skin lesions including melanoma and 
BCCs before excision. The impedance measure-
ments were correlated to the histopathological 
results. The authors concluded that electrical 
impedance measurements reflect morphological 
changes related to the growth of a cancerous skin 
lesion in the animal model [28].

In an investigation published at the same year, 
Aberg P and co-workers assessed benign pig-
mented cellular nevus, BCC, dermatofibroma, 
dysplastic nevus, and seborrheic keratoses using 
in  vivo EIS [4]. After the impedance measure-
ments, the lesions were histopathologically diag-
nosed. The authors reported significant differences 
between the lesions and their controls for all the 
lesions except for dermatofibroma. Similar pre-
liminary results in skin tumours using EIS were 
described by Dua R [9] and Beetner [30].

In 2011, Aberg P, Birgersson U and co- 
workers from the Karolinska institute reported 

the results of a prospective multicentre study at 
12 clinics around Europe, to investigate the accu-
racy of electrical impedance spectra to distin-
guish between malignant melanoma and benign 
skin lesions using an automated classification 
algorithm [45]. An algorithm for automatic 
 detection of melanoma was trained using 285 his-
tologically analysed lesions. Another data cohort 
of 210 blinded lesions (148 various benign 
lesions and 62 malignant melanomas where 38 
being from Breslow thickness ≤ 1 mm) from 183 
patients was thereafter used to estimate the accu-
racy of the technique that showed sensitivity to 
malignant melanoma of 95% (59/62) and speci-
ficity of 49% (72/148). The authors concluded 
that, although the accuracy of the device was 
clinically promising, the overall performance, 
and the sensitivity to thin malignant melanomas, 
must be improved and thoroughly validated.

In 2013, Mohr P and co-workers [46] con-
ducted a larger prospective study with the aim of 
the study to develop a classification algorithm to 
distinguish between melanoma and benign 
lesions of the skin with a sensitivity of at least 
98% and specificity approximately 20  percent 
higher than the diagnostic accuracy of dermatol-
ogists. In a multicentre, prospective, non- 
randomized clinical trial from 19 centres around 
Europe, a total of 1300 lesions were collected 
and excised for subsequent independent evalua-
tion by a panel of three expert dermatopatholo-
gists. From the data, two classification algorithms 
were developed and verified. For the first classifi-
cation algorithm, approximately 40% of the data 
were used for calibration and 60% for testing. In 
this study, the observed sensitivity for melanoma 
was 98.1% (101/103), non-melanoma skin can-
cer 100% (25/25) and dysplastic nevus with 
severe atypia 84.2% (32/38). The overall observed 
specificity was 23.6% (66/280). For the second 
classification algorithm, approximately 55% of 
the data were used for calibration. The observed 
sensitivity for melanoma was 99.4% (161/162), 
for non-melanoma skin cancer was 98.0% (49/50) 
and dysplastic nevus with severe atypia was 
93.8% (60/64). The overall observed specificity 
was 24.5% (116/474). The authors concluded for 
this results that EIS had the potential to be an 
adjunct diagnostic tool to help clinicians differ-

J. Malvehy et al.
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entiate between benign and malignant (melano-
cytic and non-melanocytic) skin lesions.

Finally, in the largest prospective study 
reported in melanoma diagnosis, Malvehy J and 
co-workers [47] assessed the effectiveness and 
safety of EIS using the Nevisense system in the 
distinction of benign lesions of the skin from 
melanoma. This multicentre, prospective, and 
blinded clinical study was conducted at five 
American and 17 European investigational sites. 
All eligible skin lesions in the study were exam-
ined with the EIS-based Nevisense system, pho-
tographed, removed by excisional biopsy and 
subjected to histopathological evaluation. In 
accordance with standard clinical practice, eligi-
ble and evaluable lesions were excised and sub-
jected to the investigational site’s histopathology 
evaluation and managed accordingly. A further 
histopathological evaluation was completed by a 
panel of three experienced histopathologists who 
evaluated each lesion independently and were 
blinded from the investigational site’s original 
histopathology diagnosis. In the case of agree-
ment among the experts, the diagnosis was con-
sidered as the study’s histopathological gold 
standard (HGS). If there was significant disagree-
ment among the pathology reviewers on whether 
the lesion represented a malignancy, the respec-
tive slides were submitted to two additional 
experts whose diagnosis was then chosen as the 
HGS if they reached agreement.

A postprocedure clinical follow-up was con-
ducted at 7  +  3  days from the initial measure-
ment. A total of 1951 patients with 2416 lesions 
were enrolled into the study; 1943 lesions were 
eligible and evaluable for the primary efficacy 
end point, including 265 melanomas—112 in situ 
and 153 invasive melanomas with a median 
Breslow thickness of 0.57 mm [48 basal cell car-
cinomas (BCCs) and seven squamous cell carci-
nomas (SCCs)].

The exclusion criteria for patients were: men 
or women of any ethnic group aged < 18 years; 
patient not willing or able to read, understand and 
sign the study-specific informed consent form. 
Exclusion criteria for lesions were: metastases or 
recurrent lesions; lesions < 2 mm or > 20 mm in 
diameter; lesions located on acral skin, e.g. sole 
or palm; lesions located on areas of scars, crusts, 

psoriasis, eczema or similar skin conditions; 
lesions on hair-covered areas, e.g. scalp, beards, 
moustaches or whiskers; lesions located on geni-
talia; lesions located in an area that has been pre-
viously biopsied or subjected to any kind of 
surgical intervention or trauma; lesions located 
on mucosal surfaces; lesion with foreign matter, 
e.g. tattoo or splinter; lesion and/or reference 
located on acute sunburn; skin surface not mea-
surable, e.g. lesion on a stalk; skin surface not 
accessible, e.g. inside ears, under nails; skin not 
intact (measurement area), e.g. bleeding or with 
clinical noticeable ulceration.

The dichotomous outcome of the Nevisense 
system was compared with the HGS. Of the 1943 
eligible and evaluable lesions, 265 (13.2%) were 
cutaneous melanoma, 55 (28%) were non- 
melanoma skin cancer (NMSC), including basal 
cell carcinomas (BCCs) and squamous cell carci-
nomas (SCCs), of which Nevisense correctly 
identified 256 melanomas and all 55 NMSCs, 
yielding an observed sensitivity of 96.6% and 
100.0%, respectively. A total of 157 naevi with 
severe dysplasia were included, of which 
Nevisense gave a positive reading for malignancy 
in 132 cases. Seven out of eight actinic keratoses 
gave a positive reading. One Merkel cell carci-
noma was included, which was correctly identi-
fied as malignant. Out of the remaining 1457 
lesions, 501 were diagnosed as negative, yielding 
an observed specificity of 34.4%. No significant 
difference in the presented sensitivity and speci-
ficity was encountered, when the possible depen-
dency in outcome between the lesions of the 
same patient was accounted for through a gener-
alized linear mixed model. The positive predic-
tive value (PPV) of Nevisense was 21.1% and the 
negative predictive value (NPV) was 98.2%. The 
Nevisense score was compared with lesion sever-
ity and a clear step function is evident for the 
score outcome with increasing lesion severity.

The latest version of the system is called 
Nevisense 3.0 also resulted in improved accuracy 
[14]. When tested on the dataset from the 
Malvehy study, the sensitivity increased slightly 
to 97.0% and specificity increased to 37.5%. In 
addition, the Negative Predictive Value (NPV) 
increased from 98% to 99%. Validation of the 
accuracy of the latest version of Nevisense was 
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performed on the dataset from the Malvehy study 
as with the previous version of Nevisense. The 
dataset from this study was not used in the devel-
opment process of the latest Nevisense version 
but was used only for validation once the updated 
version was finalized.

EIS has also been explored in high-risk 
patients for melanoma under short-term follow-
 up by the group of, in Sydney, L. Rocha and co- 
workers [48]. These authors evaluated the effect 
of adding an EIS measurement at baseline to sus-
picious melanocytic lesions undergoing routine 
short-term sequential digital dermoscopy imag-
ing (SDDI) at the dermatology department. 
Patients presented with suspicious melanocytic 
lesions with no clear feature of melanoma on der-
moscopy that were eligible for short-term follow-
 up with digital dermoscopy, were explored by 
EIS at the first visit following dermoscopic pho-
tography. In this study, when the EIS score was ≥ 
7 the lesion was excised immediately owing to 
the high risk of melanoma. Lesions with a score 
< 7 were monitored with standard SDDI over a 
3-month period. From a total of 160 lesions anal-
ysed, 128 of 154 benign lesions received an EIS 
score of 0–6, giving a specificity of the EIS 
method for the diagnosis of melanoma of 83.1% 
[95% confidence interval (CI) 76.3–88.7]. Five of 
the six melanomas found in this study had an EIS 
score ≥ 7, with sensitivity for melanoma diagno-
sis of 83.3% (95% CI 35_9–99_6). When EIS 
was 0–6 lesions were subsequently followed up 
and one additional melanoma was detected 
(EIS = 6) giving a sensitivity for the diagnosis of 
melanoma overall of 100% (95% CI 54.1–100; 
six of six malignant melanomas excised) and a 
specificity of 69.5% (95% CI 61.5–76.6; 107 of 
154 benign lesions not excised). The authors con-
cluded that the inclusion of EIS in their selection 

of equivocal suspicious lesions for short-term 
follow-up was reduced by 46.9% (n  =  75/160; 
95% CI 39.0–54.9) if the lesions had EIS score ≤ 
3. They proposed an algorithm in this situation 
(Fig. 27.10).

In a recent study, Svoboda RM and co- workers 
analysed the impact of Nevisense in the clinical 
management of pigmented skin lesions [49]. In 
this study, 164 dermatology trainees completed 
an online survey presenting clinical images of 45 
pigmented lesions (28 benign, 17 melanoma). 
For each image, respondents were asked if they 
would recommend biopsy on the basis of mor-
phologic assessment alone, and then asked again 
once presented with the corresponding EIS score 
(along with positive and negative predictive val-
ues). The proportion of clinical decisions for 
which the addition of EIS score altered the deci-
sion to biopsy was calculated.

In addition, the sensitivity, specificity and pro-
portion of missed melanomas and benign biop-
sies were determined for morphologic assessment 
alone and for morphologic assessment plus EIS 
score. In this study, EIS score led to a change in 
the decision to biopsy in 25% of cases and 
improved diagnostic accuracy, resulting in fewer 
biopsies of benign lesions and more biopsies of 
melanomas, without significantly changing the 
total number of biopsies. The authors stated that 
a limitation of this study was that additional clini-
cal data, such as patient history, risk factors and 
dermoscopic images, were not available to par-
ticipants. In addition, as this study only included 
trainees, the results might not extrapolate to more 
experienced clinicians. However, EIS had a 
meaningful impact on the decision to biopsy pig-
mented lesions with atypical features.

Atypical
melanocytic

lesion

Nevisense scores

EIS 0-3

EIS 4-6

EIS 7-10

Action

Benign and no need for SDDI

SDDI required. Excised after 3 months if
changed

Excised due to hight risk of melanoma

Fig. 27.10 Integration 
of EIS and dermoscopy 
imaging (SDDI) 
follow-up in the decision 
tree for the management 
of atypical lesions 
proposed by Rocha et al. 
[48]
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27.2  Conclusions

According to the evidence from different studies 
in melanocytic equivocal lesions, EIS when com-
bined with morphologic assessment and dermos-
copy improves accuracy and could significantly 
change the overall biopsy rate. This may assist 
the clinician in the management of patients and 
facilitate an early diagnosis of melanoma [50]. 
More research is ongoing for the integration of 
Nevisense in the diagnostic armamentarium in 
dermatology in combination with the clinical 
information, stratification according to risk for 
melanoma and other non-invasive techniques 
such as dermoscopy, digital monitoring and 
reflectance confocal microscopy. Finally, 
improvements in the technology may increase the 
usability and clinical benefit of EIS in skin cancer 
detection including melanoma and non- 
melanoma skin cancer and in the investigation of 
inflammatory skin diseases.
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Laser Light and Light–tissue 
Interaction

Orazio Svelto

28.1  Introduction

As perhaps it is well known, the word LASER is 
an acronym from Light Amplification by 
Stimulated Emission of Radiation. Thus lasers 
are essentially based on the phenomenon of stim-
ulated emission, predicted by A.  Einstein more 
than 100 years ago [1], wherein the emission of a 
given element (atom or molecule) of the active 
medium is stimulated by light emitted by some 
other element of the same medium. The light 
from the second element is then emitted along the 
same direction as that of the first element. Overall 
light is thus emitted in only one preferential 
direction, i.e., orthogonal to the two mirrors 
which comprise the active element and recycle 
the laser light. Furthermore, since light is made 
up of (electromagnetic) waves, the emissions of 
all elements add up in phase among them. In con-
trast to this situation, light arising from lamps or 
incandescent materials (including sun and stars) 
is based on the phenomenon of spontaneous 
emission. In this case, the emission of a given 
element occurs independently from that of all 
other elements and thus may occur in every direc-
tion and with a random phase.

We will not attempt in this work discussing 
the operating principles of a laser nor the princi-

pal types of lasers being used; we will neither 
present, at any length, a description of the proper-
ties of the output beam. For all these topics, we 
refer to the available literature [2, 3]. We limit 
ourselves stating that laser light is coherent, i.e., 
conceptually different from the incoherent light 
emitted by a lamp. In fact, laser light is mono-
chromatic, i.e., corresponding to a given color or 
better to a well-defined wavelength, and direc-
tional. This last property means the beam tends to 
propagate without appreciable spreading and can 
thus be focused to a small spot, e.g., into the core 
of an optical fiber. The coherence properties of a 
laser beam, together with the possibility of gener-
ating high powers, high intensities, high fluences 
as well as the possibility of a large variability of 
the emitted wavelength and very large variability 
of the pulse duration, have allowed laser use in 
several fields of science and technology, notably 
in biomedicine In this last case, laser use has 
proved to be particularly advantageous when, 
using the peculiar properties of a laser beam 
mentioned above, one succeeds interacting with 
the tissue to be destroyed, or modified, in a selec-
tive way, i.e., saving to a large degree the func-
tionality of the organs or of the tissue around the 
target one. Historically, ophthalmology has been 
the first field where the great potential of laser 
beams to spare very delicate organs such as eye 
has been achieved. More recently, laser use has 
been introduced in a somewhat massive way in 
dermatology, notably in aesthetic dermatology. 
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Here again, in fact, it is important to act in a 
selective way so as to spare or to even improve 
the physical appearance of our skin.

28.2  Laser Operating Regimes

The main laser operating regimes, of interest to 
our purposes, can be summarized as follows.

Continuous wave, or cw, operation. In this 
case, the active material is continuously excited 
by the so-called pumping process (which may be 
optical, e.g., by a suitable lamp or by another 
laser, or electrical, i.e., by a suitable electrical 
discharge into the active medium, which may be 
a gas or a semiconductor) and, if given threshold 
conditions are satisfied, the laser starts oscillating 
upon emitting radiation with constant power. 
Depending upon laser type and given application, 
output power may range from mW to a few tens 
of W, for medical applications, while it can reach 
values of a few tens of kW for industrial applica-
tions (and some MW for military applications). 
In dermatology, cw lasers are mostly used for 
surgery, with the CO2 laser, oscillating at the 
wavelength of 10.6 μm, being the most used one.

Free-running. In this regime, the excitation is 
pulsed and the laser is free, by any constraint, to 
follow the time behavior of the pumping process. 
Thus, the duration of the output pulse is about the 
same as that of the pumping process and it may 
range from a few hundredth microseconds (μs) to 
about 100 millisecond (ms) for solid-state lasers 
(ruby, neodymium, alexandrite, holmium, 
erbium) and from about 0.5 to 10–20  ms for 
organic-dye lasers (e.g., rhodamine 6G, oscillat-
ing in the yellow and often referred to as a Pulsed 
Dye Laser, PDL). In a pulsed CO2 laser, e.g., 
used for ablative skin rejuvenation, pulse dura-
tion usually ranges from microseconds (μs), for 
the so-called ultrapulse mode, to ms for the so- 
called superpulse mode of operation [4]. Pulsed 
duration may go down to about 100 nanosecond 
(ns) for excimer lasers (mostly used, in biomedi-
cine, for correction of corneal visual defects). 
Since emission time in this regime is relatively 
longer than those considered later on, this regime 
in dermatology is also, arguably, named as long- 

pulse regime or long-pulse laser. Pulsed excita-
tion in the free-running regime can then be 
periodically repeated with time and this case is 
usually referred to as repetitive free-running. In a 
single-pulse regime or when pulses are spaced by 
a sufficiently long time, the most important 
parameter for tissue–radiation interaction is the 
fluence of the laser beam, i.e., the energy of the 
laser pulse per unit target area (usually measured 
in J/cm2). In the repetitive free-running regime 
and when time separation between two consecu-
tive pulses is appreciably smaller than the so- 
called thermal relaxation time of the interested 
tissue (to be considered later on), the effect of a 
repetitive free-running laser tends to become 
equal to that of a corresponding cw laser (i.e., 
with the same power and wavelength). For this 
reason, one usually refers to this case as that of a 
pseudo-continuous regime.

Q-switching. In this case, laser action is first 
impeded, in a suitable way and for some appro-
priate time. Under this condition, excitation aris-
ing from the pumping process accumulates 
excitation energy (more precisely population 
inversion) in the active medium until it reaches 
very high values. At this point, laser action is sud-
denly allowed and, due to the high laser gain aris-
ing from the large amount of the excitation 
energy being stored, the stored energy is released 
in an intense and short pulse. Pulse duration will 
depend upon the amount of energy being stored 
and on the length of laser cavity and usually 
ranges from a few to a few tens of nanoseconds 
(typically 5–50 ns). The word Q-switching arises 
from the fact that the so-called cavity Q-factor 
(related to cavity losses) is suddenly switched 
from a low value (corresponding to high cavity 
losses, which impede laser action) to a high value 
(corresponding to very low cavity losses, where 
laser action takes place). In dermatology, this 
regime is also named, very arguably, as quality- 
switching. Q-switched laser pulses can then be 
repeated in time and, in such a case, one talks 
about repetitive Q-switching. For dermatological 
applications, repetition rate is always quite low 
(up to about 10 Hz) so that the overall effect on 
the tissue is simply due to the cumulative effect 
of each pulse.
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Mode-locking. In this case, laser is constrained 
to emit a train of pulses, each of short duration 
(from a few hundredth of picosecond, the thou-
sandth of a nanosecond, to a few tens of femto-
second, the thousandth of a picosecond) and 
spaced by a time which depends upon cavity 
length and which is typically equal to a few nano-
seconds. The entire mode-locking train can last 
theoretically for an infinite time for a cw laser 
(cw mode-locking) or be equal to the pulse dura-
tion for either free-running or Q-switching opera-
tion. This last case is often referred to as 
simultaneous Q-switching and mode-locking 
operation. It appears to be extensively used in 
dermatology notably for tattoo removal, and this 
kind of laser is usually referred to, in short, as a 
picosecond laser.

It is worthwhile mentioning at this point that, if 
a so-called second-harmonic crystal is inserted 
within a laser cavity, this crystal converts the orig-
inal laser light to light at a wavelength which is 
half the original one. Thus, if the active medium is 
Nd:YAG, the emitted wavelength will not be that 
characteristic of this medium, namely 1064 nm, 
but half of this value, i.e., 532 nm. Since the most 
used second-harmonic crystal is Potassium Titanil 
Phosphate (KTiOPO4 or, in short, KTP) this kind 
of laser, in biomedicine, is often referred to as 
KTP laser. Of course, since Nd:YAG laser can be 
made to operate in the three operating regimes 
discussed above (i.e., free- running, Q-switching, 
and mode-locking)1, also the corresponding KTP 
laser can operate in the same regimes (with pulse 
duration slightly shorter than the corresponding 
values of the Nd:YAG laser).

28.3  Fundamentals of Laser–
tissue Interaction

We will now proceed discussing a few fundamen-
tal ideas about light–tissue interaction. Before 
proceeding, it is however important to point out 

1 Nd:YAG laser can also operate cw and, accordingly, one 
can also have a cw-operating KTP laser. This regime, 
however, is not used in dermatology (although it is used in 
other specialties of medicine such as, e.g., urology).

that, given the uncertain and somewhat variable 
physical parameters involved and the complexity 
of the biological reactions of the tissue, limitation 
will be made to a very coarse description of the 
phenomena occurring. Therefore, our purpose is 
just to give a general idea of what is happening 
or, perhaps, of what is to be expected in a given 
situation rather than to reach precise and quanti-
tative conclusions.

Under the previous limitation, we begin 
observing that when light is incident on human 
skin a fraction of this light is reflected (about 5% 
for normal incidence). The remaining fraction 
(about 95%) penetrates into the tissue and is 
absorbed. For linear absorption processes, 
absorption is usually described by the absorption 
coefficient, μa. It is often measured in cm−1 and 
its inverse gives the tissue depth, in centimeter, at 
which laser intensity is reduced to about 36.8% 
of that entering the tissue.

Skin absorption in the wavelength range from 
the UV spectral region (200 nm) to about 10 μm 
in the middle infrared is shown in Fig. 28.1. One 
can see from this figure that, for an oxygenated 
skin, the main molecules responsible for absorp-
tion are water, oxyhemoglobin, and melanin. In 
the same figure, the wavelengths of the most 
common lasers used in dermatology are also 
shown. It should be noted that on the vertical axis 
(in logarithmic units) the so-called molar attenu-
ation (or extinction) coefficient is shown. It is the 
absorption coefficient corresponding to the stan-
dard density of 1  mole/liter of the given mole-
cule. To convert these numbers into the actual 
values of tissue absorption coefficient, one should 
know the values of the (average) density of the 
molecule under consideration into such heteroge-
neous medium as the skin. These values are, in 
fact, subject to great variations from one skin 
type to another (particularly for the amount of 
melanin) and, for the same person, even from 
time to time (particularly for the average blood 
content). This, together with the different mea-
surement techniques, may possibly explain the 
large variation of tissue absorption coefficients 
reported by various researchers [5]. Furthermore, 
proper account should be taken of tissue scatter-
ing, which arises from local refractive-index 
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changes of filamentous proteins (such as keratins 
and collagen) and other microscopic structures 
(such as melanosomes). In the following, data 
considered will refer to a “Caucasian” skin type.

Given all previous considerations, the molar 
extinction coefficient, as originally adopted by 
Anderson and Parrish in their classical work on 
the optics of human skin [6], is thus the only 
quantity that can be shown without incurring into 
a somewhat arbitrary representation. As we shall 
see later on, however, the representation of 
Fig. 28.1, i.e., in terms of molar extinction coef-
ficient, is nonetheless useful to understand the 
role of the various molecules involved (i.e., oxy-
hemoglobin, deoxyhemoglobin, melanin, and 
water) and to perform some quantitative compar-
ison when the same molecule is playing the only 
dominant role.

We first consider tissue absorption at the CO2 
laser wavelength (10.6 μm), where absorption is 
essentially due to water (see Fig.  28.1). At this 
wavelength, assuming an equivalent volume frac-

tion fυ,water ≅ 70% for water contained into the skin 
and taking into account published values of water 
at this wavelength (see Fig. 11 of ref. [7]), we can 
get a penetration depth of about 20 μm. One can 
also see from Fig. 28.1 that the strongest peak for 
water absorption occurs at 2.94 μm, which just 
happens to coincide with the emission wavelength 
of the Er:YAG laser. Again from the same figure 
of ref. [7] and again for a 70% water content in the 
skin, we now get a penetration depth of only 
1 μm. Upon proceeding in a completely similar 
way, we get a depth of about 2 mm at the Er:glass 
laser wavelength (1.54 μm), where absorption is 
still mainly due to water (see also Fig. 28.1).

From the red to the near infrared region of the 
electromagnetic spectrum (more precisely from 
650 nm to 1400 nm) absorption is mostly due to 
melanin, contained in melanosomes (see also 
Fig. 15 of ref. [7]). From this quoted figure, using 
realistic values of equivalent volume fraction of 
cutaneous melanosomes within skin tissue (fυ, mela-

nosome = 3 ÷ 5%, [7]), one can get a rough estimate 
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Fig. 28.1 Absorption of skin tissue (reproduced with permission from reference [4])
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of the penetration depths at the various laser wave-
lengths. One then obtains penetration depths of 
3 ÷ 4 mm, 1.2 ÷ 2 mm and 0.9 ÷ 1.5 mm, at the 
wavelengths of Nd:YAG (1064 nm), Alexandrite 
(760  nm, central wavelength), and Ruby 
(694.3 nm) lasers, respectively.

At the wavelength of 577 nm, possible emission 
wavelength of a pulsed dye laser and correspond-
ing to one of the two absorption peaks of oxyhemo-
globin (Fig. 28.1), absorption seems to be due to 
both melanin and oxyhemoglobin (see also Fig. 15 
of ref. [7]). Again from this figure, using realistic 
estimates of both the average volume fractions for 
dermal blood (fυ, blood ≅ 0.2%) [4, 7] and for cutane-
ous melanosomes within skin tissue (fυ, melano-

some = 3 ÷ 5%, [7]), we get a rough estimate of a 
penetration depth of 0.5 ÷ 1 mm. Under the same 
values of the equivalent volume fraction, we can 
estimate a penetration depth of 0.3 ÷ 0.6 mm at the 
532 nm wavelength of the KTP laser (about corre-
sponding to the second peak of oxyhemoglobin, 
see again Fig.  28.1). Penetration depth is now 
somewhat smaller than that at 577 nm due to the 
increased absorption of melanin with decreasing 
wavelength (see Fig. 28.1).

As a conclusion to this discussion, we report in 
Table 28.1 the penetration depths of all cases con-
sidered above. It should be stressed again, how-
ever, that the quoted values in the 500 ÷ 1000 nm 
range are just rough estimates. Actual values may 
be substantially different on account of the differ-
ent equivalent volume fractions of both dermal 
blood and melanin from person to person and, for 
the same person, from time to time.

So far, only linear absorption has been consid-
ered. Given the high peak intensities often 
involved in laser–tissue interaction, nonlinear 
absorption should also be taken into account. 
Amongst the various nonlinear phenomena that 
may occur (e.g., two-photon absorption), the so- 
called Laser Induced Optical Breakdown (LIOB) 
appears to be particularly relevant in dermatol-
ogy. This phenomenon occurs when the pulse 
intensity is high enough to strip electrons from 
the exposed material, generating a high-density 
plasma (i.e., a vaporized ensemble of electrons 
and parent ions). Once formed, the plasma 
absorbs the remaining part of the laser pulse, 
which rapidly heats and expands the plasma to 
form a cavitation bubble. The phenomenon is 
currently used in ophthalmology, for e.g., the so- 
called LASIK procedure of cornea reshaping, to 
produce a corneal flap by an intense femtosecond 
laser. It has also been recently proposed for per-
forming a novel type of fractional laser for skin 
resurfacing [8]. Except for these cases, LIOB is 
to be avoided for all other laser treatments con-
sidered in this book for at least two main reasons: 
(1) For a non-focused laser beam, LIOB would 
stop the remaining part of the laser beam from 
entering the skin, thus preventing its therapeuti-
cal effect. (2) The strong UV emission of the 
plasma may be potentially dangerous for the 
skin. It should be noted that with the most intense 
laser sources so far available in dermatology 
(e.g., 5 J/cm2 with 450 ps pulse duration, as for a 
picosecond Nd:YAG laser) a laser intensity on 
the skin of about 10  GW/cm2 can readily be 

Table 28.1 Skin penetration depths of most common lasers used in dermatology

Laser type Wavelength
Penetration 
depth Comments

CO2 10.6 μm 20 μm Strong water absorption

Er:YAG 2.94 μm 1 μm Strongest water absorption

Er:glass 1.54 μm 2 mm Moderate water absorption

Nd:YAG 1,064 μm 3 ÷ 4 mm Mostly due to melanin with a small contribution by oxyhemoglobin.

Alexandrite 760 nm 1.2 ÷ 2 mm Essentially due to melanin.
Ruby 694.3 nm 0.9 ÷ 1.5 mm Essentially due to melanin
Pulsed dye 
laser

577 nm 0.5 ÷ 1 mm Approximately equal contributions by oxyhemoglobin and melanin

KTP 532 nm 0.3 ÷ 0.6 mm Approximately equal contributions by oxyhemoglobin and melanin. 
Compared to 577 nm wavelength, absorption is somewhat stronger, 
at this wavelength, due to increased melanin absorption.

28 Laser Light and Light–tissue Interaction
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 calculated. This value falls in the lower range of 
the considered intensities for this phenomenon to 
occur on the skin [9, 10].

28.4  Laser-Selective 
Photothermolysis

Let us now go back to the linear absorption phe-
nomena considered in previous section and dis-
cuss their effect on the tissue. Following 
absorption, the absorbed energy in a given target 
of the tissue is mostly transformed into internal 
energy of the molecules making the tissue, i.e., it 
is transformed into heath. This energy is then 
transformed into kinetic energy of the molecules 
involved, which means that the temperature of 
the target containing the molecules is increased. 
However, while temperature rises, a fraction of 
the heath tends to diffuse away from the volume 
under consideration. This phenomenon follows 
well-defined laws of heath diffusion and, accord-
ingly, one can roughly define a thermal relaxation 
time, τr, as, e.g., the time it takes for half of the 
absorbed energy to diffuse away from the target 
where it was produced.

Now, to maximize the effect of laser–tissue 
interaction in the given volume while sparing the 
surrounding tissue, we may require that the time 
duration of the laser pulse, τp, be substantially 
smaller than the thermal relaxation time consid-
ered above. In this case, in fact, energy absorbed 
is mostly used to increase the temperature of the 
target tissue, i.e., to produce a therapeutical 
effect. This constitutes the basis of the concept of 
selective photothermolysis, proposed many years 
ago by Anderson and Parrish in a seminal paper 
[11]. More precisely, selective photothermolysis 
requires the following three basic conditions: (1) 
The laser wavelength is chosen to be preferen-
tially absorbed by the chromophore of the target 
tissue. (2) Pulse duration must be shorter than the 
thermal relaxation time of the target. (3) Laser 
fluence should be high enough to cause thermal 
injury to the desired skin structure. Concerning 
these three conditions, we may observe that too 
short pulses below the thermal relaxation time 
may lead to vaporization or shock wave forma-

tion in the given target leading to damage of the 
surrounding structure. Likewise, too high laser 
fluence, beyond that causing thermal injury to the 
target, may cause again a substantial damage of 
the surrounding skin.

To be more specific, we recall that, according 
to heath diffusion theory, thermal relaxation time 
is approximately given by

 
t r d k@ ( )2 27/

 
(28.1)

for a spherical target of diameter d, where k is the 
thermal diffusivity of the target. Relaxation time 
is, however, given by

 
t r d k@ ( )2 16/

 
(28.2)

for a long cylindrical target again of diameter d. 
For a comparison we may note that, for the same 
values of target diameter and thermal diffusivity, 
relaxation time of a sphere is about (27/16), i.e., 
1.7 times shorter than that of a cylinder. This is 
because thermal diffusion may occur along the 
three radial directions of the sphere while, for a 
cylinder, diffusion may occur only along its two 
radial directions.

As a first example, we will consider the case of 
blood vessels with either 100 μm or 1 mm diameter 
and assume that thermal diffusivity for both the 
vessel and surrounding tissue is equal to that of 
water (k  ≅  1.3  ×  10−3  cm2  s−1) [11]. From Eq. 
(28.2), as appropriate for a cylindrically shaped tar-
get, we then get τr ≅ 5 ms and τr ≅ 500 ms, for the 
two cases considered. Required laser pulse dura-
tion can thus range from about one millisecond to 
about hundred milliseconds, in the two cases 
respectively. As a second example we consider the 
case of tattoo removal, where tattoo particles may 
range from a few tens of nm to a few μm (for the 
aggregate particles). Assuming all particles being 
of spherical shape, we should use now Eq. (28.1) 
with k representing the thermal diffusivity of the 
particle. For particle made of graphite, Ho and 
coworkers, in their extensive computer simulation 
study [12], calculate a value of τr ≅ 10 ps for a par-
ticle diameter of 50 nm. It then follows from Eq. 
(28.1) that, for a particle diameter of 1 μm, i.e., 20 
times larger, predicted thermal relaxation time 
would be 400 times larger, i.e., 4  ns.  
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Thus, for the range of tattoo particles considered 
here, laser pulse duration ranging from a few pico-
seconds to about one nanosecond should be 
required.

28.4.1  Treatment of Vascular Lesions

Vascular lesions, e.g., facial telangiectasia or 
port-wine stains (PWSs), were the first cases 
where the basic concept of laser-selective pho-
tothermolysis was applied. To this purpose, the 
yellow light of a Pulsed Dye Laser (PDL) was 
used since its range of possible emission wave-
lengths corresponds to the yellow absorption 
peak of oxyhemoglobin (see Fig.  28.1) [13]. 
The wavelength used in early PDLs, 577  nm, 
was indeed selected to match this yellow peak. 
It was later established that the 585 nm wave-
length resulted in more effective treatment of 
PWSs [14]. For deeper lying and larger vessels 
(up to perhaps 1  mm in depth and 1  mm in 
width) such as those of legs, PDL emitting at the 
still longer wavelength of 595 nm was, later on, 
introduced [15, 16]. The rationale for this choice 
comes from the fact that, to maximize interac-
tion with a given vessel, one must take into 
account not only the vessel absorption but also 
the transmission of the skin tissue overlying the 
vessel itself. As vessels lying deeper in the tis-
sue are considered, the optimum wavelength 
may then be moved to somewhat longer values 
than the peak value because, as discussed in 
Sect. 28.3 of this work, the absorption of both 
melanin and of oxyhemoglobin present in the 
overlying structure is reduced upon moving to 
longer wavelengths (see also Fig. 28.1). In other 
words, in order to produce a therapeutical effect, 
laser light not only needs to be reasonably 
absorbed by the target but also needs to reach 
the target itself. For the same reason, leg veins 
of still larger diameter (1.5–3  mm) and lying 
deeper in the tissue seem to be best treated by a 
free-running Nd:YAG laser [17]. In fact, as dis-
cussed in Sect. 28.3, penetration depth at the 
corresponding wavelength (1064 nm) is limited 
by melanin absorption (and scattering pro-
cesses) and may be as high as 3–4 mm. On the 

other hand, the 1064  nm wavelength besides 
being well transmitted by the skin is also well 
absorbed by oxygenated blood, since oxyhemo-
globin shows a secondary and broad absorption 
band centered around 950 nm (see Fig. 28.1).2

Pulse duration for the early PDLs covered the 
range of 0.5  ÷  1.5  ms. According to consider-
ations developed in Sect. 28.4, this range can be 
considered to be somewhat optimal for vessel 
diameters from 50 to 100 μm. As explained ear-
lier, however, for vein diameters of 1  mm or 
larger, pulse duration must then be raised to a few 
tens to several tens of millisecond. This appears 
to be the case, either for 595 nm PDL or for free- 
running Nd:YAG, for therapy of leg veins (where 
pulse durations ranging from 20 to 100 ms have 
been reported) [17].

Once laser energy is selectively absorbed by 
the given vein, laser fluence needs to be chosen 
so as to raise the blood temperature above 70°C 
(temperature at which blood coagulation occurs). 
Vessel damage is then believed to occur either by 
thrombosis secondary to this vessel coagulation 
or by vessel contraction secondary to collagen 
shrinkage.

28.4.2  Tattoo Removal

Tattoo removal represents the second case where 
the concepts of selective photothermolysis have 
successfully been applied. Tattoo inks in general 
usage contain, in fact, nanoparticles. Their aver-
age sizes range from less than 100 nm for black 
pigments (generally made of carbon) to about 
120 nm for blue, 180 for green, 170 nm for yel-
low, and 145 for red pigments [18]. When injected 
intra-dermally, perhaps to a 1 to 2 mm depth, pig-
ments form aggregates within resident dermal 
cells with diameter ranging from 0.5 to 40 μm 
[19]. For these larger granules, according to the 
estimates of the thermal relaxation time  discussed 

2 Absorption coefficient of a fully oxygenated blood ves-
sel, at 1064 nm wavelength, can be estimated from Fig. 10 
of ref [8] to be μa ≅ 5 cm−1. This means that, for a 2 mm 
diameter vein, approximately 63% of the radiation inci-
dent on the vein will be absorbed by the blood.
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above, nanosecond pulses are just needed to ful-
fill the second requirement of selective photo-
thermolysis (namely that pulse duration be equal 
to or somewhat smaller than thermal relaxation 
time). Thus Q-switched lasers with pulse dura-
tion ranging from a few to a few tens of nanosec-
onds are typically used. It should be observed 
however that these granules become smaller in 
tattoos that have already been treated by a 
Q-switched laser [19]. For these smaller granules 
as well as for the original nanoparticles which are 
still present within the tissue, lasers with shorter 
pulse duration down to the picosecond range are 
expected to be even more efficient [12].

To fulfill the first requirement of selective 
photothermolysis discussed above, we must also 
require that the selected laser wavelength be pref-
erentially absorbed by the given pigment. Now, it 
is a well-known law of colorimetry that a pig-
ment of a given color preferentially absorbs the 
so-called complementary color. Thus red light 
(such as that of a ruby laser, at 694.3 nm) or the 
deep-red light of alexandrite laser (at 755 nm) is 
preferentially absorbed by green pigments. 
Conversely, green light (such as that of the so- 
called KTP laser at 532  nm) is preferentially 
absorbed by red pigments. Black pigments, on 
the other hand, mean that absorption occurs 
somewhat uniformly throughout all visible range. 
It has been proved, however, that black pigments 
used for tattoos respond even better in the near 
infrared, i.e., at the 1064  nm wavelength of a 
Nd:YAG laser, presumably due to the larger pen-
etration depth of the tissue at this wavelength. 
Penetration depths at all these laser wavelengths 
have, in fact, been discussed in Sect. 28.3 of this 
work (see Table  28.1). One can then see that 
these depths are always substantially longer (for 
Nd:YAG, Alexandrite, and Ruby lasers) or com-
parable (for KTP laser) than presumable depths 
where tattoo particles are residing within the 
skin. It should be noted, at this point, that a yel-
low pigment is expected to preferentially absorb 
blue light. Thus blue emitting (Q-switched) lasers 
would be required to treat this pigment. Blue 
laser light (e.g., at 400 nm), however, would be 
strongly absorbed by the tissue (due to a strong 
absorption peak of oxyhemoglobin at this wave-

length, see Fig.  28.1). Thus, such a laser beam 
would hardly be able to reach the required depth 
and thus likely result into substantial damage of 
the overlying tissue.

If laser light penetrates well into the tissue, if 
pulse duration is of the order of the thermal relax-
ation time of the tattoo particle and if the laser 
fluence is sufficiently high (generally in the range 
of a few J/cm2), a fast and high rise of the particle 
temperature, during laser pulse, occurs. This tem-
perature increase then results in a stress wave 
(i.e., a pressure or acoustic wave) which propa-
gates from the outside surface of the particle 
toward its center. When the tensile or compres-
sive component of this wave exceeds the corre-
sponding strength limits of the particle, fracture 
occurs and the original particle breaks downs into 
smaller fragments [12]. Most of these fragments 
are, then, removed by scavenger cells to the local 
lymph nodes while some of them are picked up 
again by resident macrophage cells [20]. Thus 
the main mechanism for tattoo removal is consid-
ered to arise from a photoacoustic (or photome-
chanical) effect [12].

According to the previous considerations, 
nanosecond-pulse Q-switched lasers of Nd:YAG, 
Alexandrite, Ruby, and the nanosecond KTP 
laser are now commonly used for tattoo removal. 
Emission wavelength, range of pulse duration 
and repetition rate and typical range of laser flu-
ence on the tissue are shown in Table 28.2. After 
a given treatment, smaller fragments as well as 
untreated small particles remain into the tissue. 
Therefore, several (up to 6–10) treatments are 
required to break down these particles of smaller 
size. Time between two successive treatments 
must allow skin to a complete recovery (typically 
4–6 weeks).

Despite this considerable success of nanosec-
ond Q-switched laser to effectively treat tattoo 
during last 20 years or more, total tattoo clearance 
remains a difficult task to be achieved. The prob-
lem arises from the difficulty of the patient adher-
ence with the prolonged treatment timetable and 
the difficulty in fragmenting the smallest ink 
granules, with thermal relaxation time much 
smaller than 10 ns [21]. Furthermore, a few col-
ors, such as blue and green and, particularly, 
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 yellow, appear to be only partially addressable by 
Q-switched lasers. The more so, in a comparative 
and seminal paper published more than 20 years 
ago, black tattoos were shown to be more effec-
tively cleared by a Q-switched and mode-locked 
Nd:YAG laser, with 35  ps pulses, than by a 
Nd:YAG Q-switched laser giving 10  ns pulses. 
The difficulties encountered in tattoo removal 
with Q-switched lasers and this earlier study have 
spurred the development of a new class of com-
mercial lasers, simultaneously operating in the 
Q-switching and mode-locking operation, to gen-
erate pulses in the picoseond domain. These so-
called picosecond lasers have been developed 
with the specific goal of abbreviating the overall 
duration of treatment and clearing tattoos which 
had previously resisted to treatment with a nano-
second laser. Table 28.3 summarizes a few param-
eters of picosecond lasers so far developed.

A comparison between performances of pico-
second to nanosecond lasers for tattoo removal 
seems at this point to be appropriate [22]. To this 
purpose we note that the first comparative study 
between a picosecond and a nanosecond Nd:YAG 
laser has to be found in the already mentioned 

paper by Ross et  al. [23]. Although the paper 
clearly indicated the superiority of the picosecond 
laser for the cases considered (black tattoos), dura-
tion of the corresponding pulses was 35 ps, i.e., 
one order of magnitude shorter than those pres-
ently available by picosecond lasers. A second and 
more recent paper compares a nanosecond- domain 
laser to two picosecond-domain lasers in a ran-
domized study on 49 patients [24]. The study uses 
a split tattoo design, where one half of a tattoo was 
treated with one of the two picosecond- domain 
lasers and the other with a Q-switched, nanosec-
ond-domain laser. Although picosecond lasers 
were shown to be more effective than the nanosec-
ond counterpart, the nanosecond laser appears, 
however, to significantly underpowered compared 
to most nanosecond devices currently on the mar-
ket. Lastly, Pinto et al., in a randomized and con-
trolled single-blind clinical trial and in a split 
design approach, compared a modern picosecond 
to a modern nanosecond Nd:YAG for black tattoo 
removal [25]. They conclude that there was no dif-
ference between the two treatments. Unfortunately, 
however, therapy was limited to two treatments 
only, at a 6-week interval. Thus the logical possi-

Table 28.2 Nanosecond lasers most commonly used for tattoo removal and corresponding colors of the pigments 
which can be addressed

Laser type
Emission wavelength 
(nm)

Pulse duration 
(ns)

Pulse repetition  
rate (Hz)

Laser fluence 
 (J/cm2) Color of pigment

Nd:YAG 1,064 5–20 1–10 5–6 Black
Alexandrite 755 50–100 1–15 5–6 Black

Blue
Green

Ruby 694.3 30–40 0.5 4–6 Green
Black
Blue

KTP 532 5–20 1–10 2–4 Red
Purple
Orange

Table 28.3 Picosecond lasers most commonly used for tattoo removal. The colors of the pigments to be addressed are 
obviously the same as for the corresponding nanosecond case

Laser type Emission wavelength (nm) Pulse duration (ps) Pulse repetition rate (Hz) Laser fluence (J/cm2)
Nd:YAG 1,064 450 1–10 5–6
Ti:sapphire 785 300 1–10 3
Alexandrite 755 750–900 5 2.5
KTP 532 370 1–10 2–4
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bility of superior performance of the picosecond 
lasers to treat smaller and smaller particles arising 
from repeated treatments, thus reducing the num-
ber of treatments, was not really tested. Concerning 
difficult to clear colored pigments, it should be 
noted that, although blue and green pigments have 
recently been very successfully removed by a 
picosecond alexandrite laser [26], the same kind of 
laser, operating in the nanosecond regime, is 
known to be optimal for removing blue and green 
pigments [27, 28]. The most striking case, how-
ever, appears to be the effective clearance, in a few 
treatments, of yellow-ink tattoos by a picosecond 
KTP laser [29, 30]. Notoriously, the yellow ink is 
a very difficult pigment to be cleared out by KTP 
nanosecond lasers, presumably because green 
light is little absorbed by yellow pigments. It then 
follows that, in this case, the resulting maximum 
tensile stress accumulated within the yellow pig-
ments may be insufficient to produce particle frac-
ture. Upon going from nanosecond to picosecond 
lasers, pulse duration is reduced by more than one 
order of magnitude (compare Table  28.2 with 
Table  28.3). The expected maximum tensile 
strength within the particle is then expected to 
increase by appreciably more than one order of 
magnitude (see Fig. 8 of Ref. [12]) thus, perhaps, 
reaching the fracture limit of the pigment (see also 
ref. [29]). It should be noted, however, that yellow 
tattoos seldom occur in treated patients [31].

As a conclusion of this discussion we may say 
that, although picosecond-domain lasers appear 
to be a logical solution for reducing the number 
of treatments as well as for clearing tattoos which 
had previously resisted to nanosecond-laser treat-
ments, further controlled and comparative stud-
ies, made on a statistically significant number of 
patients, are needed to assess these quite interest-
ing possibilities.

28.5  Conclusions

We believe that a thorough knowledge of the con-
tent of this chapter may be of help to the derma-
tologist to realize the type of laser that is useful 
for a given application as well as to more deeply 
understand the clinical results being obtained.
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Laser and Light Sources: Safety 
and Organization Issues

Marco Dal Canton

29.1  Introduction

Light Amplification by Stimulated Electron 
Radiation (LASER) is a known acronym denot-
ing a technology which converts electrical energy 
in a monochromatic, coherent and collimated 
light in the range of visible or invisible light spec-
trum (for medical purposes, usually between 
308 nm and 10,600 nm)

In a laser, the collimated light is delivered 
through an articulated arm equipped with a mir-
ror system or through optical fibers, focusing 
potentially very high energies in a very small 
area, within picosecond to millisecond pulse 
width ranges.

When activating a medical laser, high energies 
are delivered on specific targets for therapeutic 
purposes, nonetheless with potentially dangerous 
consequences if the laser beam unintentionally 
impacts directly, is reflected or is diffused against 
unwanted objects.

High energy polychromatic light sources 
(PCLs), commonly defined Intense Pulsed Lights 
(IPLs, an originally proprietary acronym), differ 
from lasers since they generate a pulsed, intense 
polychromatic, non-focused, non-collimated, dif-

fuse light extending from the shorter blue visible 
wavelengths to the near IR, usually in the  
400–1200  nm range. The pulsed light is gener-
ated by a gas-filled flashlamp pumped with a 
charge of high voltage electrical energy stored in 
a capacitor [1]: the intense light is passed through 
cutoff filters stopping the shorter wavelengths 
interfering with melanins and those in the harm-
ful UV range, and a recent IPL model is equipped 
also with an IR cutoff filter. The light is delivered 
through a handpiece, usually encasing the flash-
lamp, which is equipped with a crystal prism: this 
must be placed in close contact to the skin and 
optically coupled with the treatment area, with 
the auxiliary help of optical grade contact gel. 
When activating an IPL pulse, the patient, the 
operator, and the operative area are exposed to 
potential hazards if not properly protected from 
the intense light diffused through the crystal 
applicator.

Medical Light Emitting Diodes (LEDs) are 
optoelectronic devices producing polychro-
matic light in a narrow spectrum, almost mono-
chromatic, with a peak wavelength which 
usually identifies the LED source, depending 
upon the emitting semiconductor. High energy 
LEDs for medical purposes are used principally 
for photodynamic therapy, photobiomodulation 
and biophotonic therapy, deliver relatively high 
and diffuse light energy and, based on the 
 available evidences, are considered generally 
safe [2].
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Most side effects of low level light therapy 
(LLLT) [1] used alone (i.e., not associated to 
external factors as in PDT or biophotonic ther-
apy) are related to the intense light glare and to 
potential corneal overheating, particularly by IR 
LED sources. For these reasons, it is worthwhile 
to use also during LED therapy an appropriate 
protection of the operator and patient’s eye.

This chapter is aiming to focus on some basic 
safety rules when using a medical laser or 
PCL. Actually the eye of the patient, of the opera-
tor, and all assisting persons is the main concern 
in the protection expedients in the laser safety 
guidelines and safety regulations, and an insuffi-
cient training on these safety issues poses a 
potentially serious safety problem.

This multifaceted matter is related to specific 
international and national standards that can dif-
fer in each country.

Whatever herein synthetically described could 
not necessarily comprehensively correspond and 
adapt to any operative setting.

Therefore it is important for the reader to refer 
to the manufacturer instruction manuals and to the 
international standards and national guidelines and 
all locally applicable relevant regulations.

29.2  Operating with a Medical 
Laser Light Source

Owning and operating with high energy light 
sources for medical purposes, as lasers, polychro-
matic intense pulsed light devices (IPL) and LEDs, 
is today widespread in healthcare inpatient and 
outpatient offices since such medical devices are 
suitable to treat several different skin conditions.

In the new millennium, we are assisting to a 
combination of singularities in patient informa-
tion and expectations on technology, including 
medical lasers and light sources and, in general, 
on hi-tech energy-based devices, which a physi-
cian is invited to take into consideration:

• an increasing interest and spreading informa-
tion on energy-based technologies in patient 
communities, seeking for offers of effective but 
low risk and low or no-downtime procedures

• an extensive, mainly web and social media 
based commercial pressure on the general 
public and on the medical market, with fre-
quently unscrupulous advertisement claiming 
for occasionally pretentious results related to 
sometimes questionable scientific evidences 
and technologies

• the spreading spa-culture of wellness, impli-
cating a blurring boundary between the 
 perception of the differences between medical 
and purely aesthetic professional competences 
and the related intrinsic quality of 
technologies

• an expanding offer by manufacturers in the 
ambiguous market of wellness, competing on 
performances and reduced production and dis-
tribution costs

• a competitive market on (mainly aesthetic) 
procedures, fighting to offer the better tech-
nology at the lowest possible costs, albeit 
claiming first class results

The temptation for a physician to purchase a 
low-cost device to enter a very competitive mar-
ket should be tempered by a simple but essential 
consideration: quality in high technology has 
always a not negligible native cost.

Quality engineering, manufacturing, and 
assembling reliable components to produce a 
trustworthy laser or IPL implicates incontestable 
basic costs for the manufacturer, not taking into 
consideration the cost of a consistent clinical 
research, official clearance procedures, and con-
formity certification for original indications of 
new or existing technologies, and, last but not 
least, the quality of post-market assistance.

When purchasing any hi-tech instrument or a 
medical device, one should always balance the 
costs/benefits ratio, bearing in mind that our rep-
utation is based upon the quality of the results we 
will be able to offer our patients, independent by 
our tools.

The intrinsic quality of the device we are 
interested in should be unquestionable, therefore 
it must be carefully evaluated before making a 
usually significant investment.

Relying on a reputable company, on a trust-
worthy and documented technology referring to 
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the available relevant scientific literature; to get 
acquainted with a trusted local distributor; talk-
ing thoroughly with colleagues already experi-
enced with that specific company and 
technology; and obtaining references on the 
pre-emptive and on-demand assistance services 
provided after market, all these should be the 
fundamental principles conditioning our final 
purchase decision.

29.3  Accommodating 
and Operating with a Laser 
Or High Energy Light Source

The implementation of a medical laser or a high 
energy light source for medical purposes implies 
room systems integrations, professional training 
on technology, organization and on safety issues 
indispensable for the patient, the operator, the 
assistants and any other attending individual and 
for environment inside and surrounding the 
designed operative area.

The importance of safety when operating with 
a laser or polychromatic light high energy device 
should never be underestimated since this impli-
cates documented objective risks of significant 
health injury, particularly for the eye.

There are for this reason international stan-
dards and norms on safety requirements applica-
ble not only to the device, but also to the operative 
setting and the professional individuals eligible 
to use it.

These international technical regulations usu-
ally can be slightly dissimilar on each continent 
and differently fulfilled in distinct countries. 
Hence the reader is invited to analyze the relevant 
specific regulations in own country and local 
area.

29.4  Classification of Lasers

There are two main classification systems of 
lasers, one based on the international standard 
IEC 60825-1 (IEC: International Electrotechnical 
Commission, a global organization for the prepa-
ration and publication of International Standards 

for all electrical, electronic, and related technolo-
gies) and another, the ANSI (American National 
Standards Institute) Z136.1, based on the US 
FDA laser regulations. The two hazard classifica-
tions are mostly converging and only slightly dif-
fering in some parts.

Hazard levels of lasers are categorized by IEC 
60825 based upon wavelength and energy output 
into classes, according to their capability to pro-
duce injury in exposed individuals, from class 1 
(no hazard) to class 4 (severe hazard for eyes and 
skin) (Table 29.1).

The US-ANSI classification assigns lasers to 
one of 4 hazard classes (1, 2, 3a, 3b and 4), estab-
lished on the potential for biological damage, cal-
culated based on exposure time, wavelength, and 
output power for CW or PW lasers and on total 
energy per pulse for pulsed lasers.

Medical lasers are mostly included in class 4 
on IEC and ANSI classification, the higher class 
of hazard for inadvertent eye or skin exposure.

The manufacturer must certify the classifica-
tion and CE compliance (in the EU market) of a 
laser/PCL/LED providing an official conformity 
certificate and must apply to the case of the 
device specific warning labels. An acceptance 
test must be performed after the placement of the 
medical device in the office and the outcome of 
the test must be signed by the technician.

The compliance of the laser to all prescribed 
technical and safety requirements is understand-
ably obligatory in the clearance phase, neverthe-
less during the whole operative life of the device, 
a lifelong maintenance of the compliance to the 
required standards must be periodically certified 
as a base to renew the validity of the original con-
formity certificate.

The conformity certificate of a medical device 
and the evidence of its regular maintenance are 
essential documents which must be readily 
 available in case of an inspection of the office by 
local authorities.

The classification of a laser is based on the 
concept of accessible emission limits (AEL) 
defined for each laser class.

Each medical laser product shall comply with 
all of the applicable requirements for laser 
 products of its class. In addition, any Class 3B or 
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Class 4 medical laser product shall comply with 
IEC 60601-1 regarding the requirements for elec-
trical medical devices [3].

29.4.1  Training

Class 4 medical laser systems can represent a 
hazard to the operator and to other individuals 
over a considerable distance, from either the 

direct beam or also from its specular and diffuse 
reflections.

Because of this hazard potential, the IEC 60825 
prescribes that only persons who have received a 
formal training to an appropriate level should be 
placed in control of such systems. The training, 
which may be given by the manufacturer or by the 
supplier of the system, the designated Laser Safety 
Officer (LSO), or by an approved external organi-
zation, should include (not limited to):

Table 29.1 IEC 60825 classification of lasers

1   • safe under all conditions of normal use
1M   •  safe for all conditions of use except when passed 

through magnifying optics (for example, 
magnifying glasses, microscopes)

  • avoid use with optical instruments

2   •  safe for accidental exposure (< 0.25 s).
  •  avoid pointing at the face and staring at the laser 

beam.

  •  the blink reflex will limit the exposure to no more 
than 0.25 s

  •  limited to visible (400–700 nm) 1 mW continuous 
wave, or more if pulse width < 0.25 s or if the light 
is not spatially coherent.

2M   •  safe eye exposure < 0.25 s, except when passed 
through magnifying optics (for example, 
magnifying glasses, microscopes)

  • avoid use with optical instruments

3R   • safe if handled carefully
  •  avoid pointing at the face and staring at the laser 

beam

  •  the MPE can be exceeded, with a limited risk of 
injury

  • visible continuous lasers limited to 5 mW
  •  other wavelengths and pulsed lasers have other 

restrictions
3B   • hazardous if the eye is exposed directly

  • diffuse reflections are not harmful
  •  continuous lasers from 315 nm to far-IR limited to 

0.5 W
  •  pulsed lasers between 400 and 700 nm, limited to 

30 mJ
  •  other limits apply to other wavelengths and to 

ultrashort pulsed lasers
  •  must be equipped with a key switch and a 

connection to an emergency master disconnect 
interlock or to a room door safety interlock.

  •  designate a superintending laser safety officer 
(LSO)

  •  delimit and regulate the access to the laser work 
area

  • warning signs outside the room
  • use only by qualified operators
  •  protective wavelength specific eyewear (PPE) is 

required where direct viewing laser beam
  •  specific training for operators and maintenance 

personnel
4   •  dangerous as a result of direct and diffuse beam 

viewing
  • potentially permanent eye injury
  • can burn the skin
  • may ignite combustible materials (fire risk)

  • all lasers with output power greater than class 3B
  • same precautions of 3B lasers
  •  personal protection equipment (PPE)—wavelength 

(specific protective eyewear and fire resisting 
garments) is obligatory for direct beam and diffuse 
light protection

  •  specific training for operators and maintenance 
personnel
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 1. familiarization with system operating 
procedures

 2. the proper use of hazard control procedures, 
warning signs, etc.

 3. the need for personal protection
 4. accident reporting procedures
 5. effects of the laser upon the eye and the skin

Each laser, IPL, or LED platform should be 
accompanied by an identifiable instruction man-
ual, in EU provided in the national language, 
containing indications on the pre-emptive and 
on-demand maintenance.

29.4.2  The Class 4 Medical Lasers: 
Operative Setting

Class 4 laser system must incorporate an emer-
gency stop button and a removable key-operated 
master control: the laser radiation must not be 
accessible when the key is removed.

The laser-controlled area (LCA), within a 
dedicated room or space, should have minimal 
dimensions greater than the nominal ocular haz-
ard distance (NOHD) or nominal hazard zone 
(NHZ), the distance at which the beam irradiance 
or radiant exposure equals the appropriate cor-
neal maximum permissible exposure (MPE): in 
practice, the NOHD is the distance over which 
the beam does not determine any damage to the 
eye (Fig. 29.1)

The LCA should be clearly identifiable from 
the outside, labelled with specific warning signs 
and symbols (featured as indicated in the techni-
cal standards and local regulations—Fig. 29.2): a 
room or emergency general interlock should 
interrupt the laser beam in the case of an inadver-
tent unauthorized access to the LCA when the 
laser is activated to deliver light energy above the 
MPE (Fig. 29.3). Furthermore, in most cases an 
illuminated warning sign (as an intermittent red 
light) outside the area should be interfaced with 
the master controller and automatically activated 
or even manually switched before the activation 
of the laser beam, while in some countries an illu-
minated warning device must be installed also 
inside the LCA to be easily viewable to individu-
als within.

Attendance of any individual to the LCA 
during laser operation should be restricted only 
to persons wearing apposite laser protective 
eyewear (wavelength-specific PPE), otherwise 
admittance to the area must be prevented  
when a laser beam above the MPE is 
activated.

Fig. 29.1 Laser-controlled area

Fig. 29.2 Laser warning signs to be positioned outside 
the laser-controlled area (IEC 60825-1 for EU zone and 
ANSI Z136.1 in the USA)
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Special precautions may be required to pre-
vent unwanted laser light reflections, mainly 
when operating within the invisible spectrum, 
which can induce to underestimate the intrinsic 
risk of eye injury: the eye is fully exposed to near 
IR and IR invisible light since in this range the 
defensive blink reflex is lacking.

Non-reflecting and fireproof wall paints and 
upholstery and light impermeable screening of 
windows and of reflecting surfaces should be 
available to reduce the extent of reflected 
radiation.

Additional special precautions are also 
required to prevent unwanted laser light reflec-
tions. Surgical instruments and equipment in the 
laser working area should be specifically designed 
for laser surgery and manufactured with opaque 
non-reflecting surface: the beam and target area 
should be surrounded by nonflammable textiles 
and materials opaque to the laser light. Even dull 
metal surfaces may be highly specular at the CO2 
wavelength of 10600 nm, and additional precau-
tions must be paid when operating with metal 
surgical instruments.

Before activating the laser, the operator is 
responsible to verify that all the safety measures 
concerning the patient, her/himself, the attending 
persons, and any possible other target in the laser- 
controlled area have been enacted.

The laser should be checked for proper work-
ing and, when feasible, the right alignment of 
the beam should be checked before delivering 
the first pulse directly on the patient, for exam-
ple firing some pulses on a wood tongue 
depressor.

When using multiple wavelength platforms, as 
modern IPLs, it is mandatory for the operator and 
the individuals within the LCA to wear appropri-
ate personal protective equipment (PPE) as a cer-
tified protective eyewear specific for each 
wavelength range (laser safety eyeglasses—LSE). 
If the wavelength is changed during the proce-
dure, it is crucial to shift to the respective specific 
LSE accordingly. Each specific optical PPE 
should be unambiguously and immediately iden-
tifiable and always positioned close to the specific 
laser or light source to which it is assigned.

The operator should never underestimate 
fatigue and the related potential misuse of the 
laser and/or protective eyewear, with consequent 
inadvertent unprotected eye exposure to the laser 
beam: this is absolutely human, but the conse-
quences can be irreversible.

29.4.3  The Main Concern Using 
a Medical Laser: To Protect 
the Eye

Due to the vulnerability of the eye to light over-
stimulation, unsurprisingly laser safety guide-
lines are based mainly on injury thresholds of the 
ocular structures, chiefly iris and retina. Lasers 
and intense pulsed lights in the visible range of 
400–760 nm wavelengths can produce significant 
injury to the retina and to the macula.

If inappropriate eye protection is used, the 
intense light can pass through the cornea, become 
focused by the lens into the retina, and result in reti-
nal photocoagulation and photomechanical disrup-
tion, particularly with light sources in the visible 
range, as KTP 532 nm or PDL 585 or 595 nm laser, 
which are avidly absorbed by hemoglobin and mel-
anin well represented in the retinal cells [4, 5]. The 
“blink reflex” is a spontaneous protection mecha-
nism of the eye to a direct light stimulus, an auto-
matic reaction effective for light radiation directed 
to the eye up to 1  mW power and pulse widths 
superior to 250  m  sec: with higher power levels 
and/or shorter pulse widths, too much energy 
reaches the retina before the blink reflex can 
respond, which can result in an irreversible retinal 
damage and potential loss of vision [6].

Fig. 29.3 Remote interlock activation permits the laser 
to be actuated
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The near infrared range (IR-A 760–1400 nm) 
of wavelengths, as the 800 and 940 nm diode or 
the Nd: YAG 1064 nm, is less absorbed by mela-
nin and hemoglobin, but can be particularly dan-
gerous to the human eye because in this spectrum 
of frequencies the blink reflex is inactive [7–9].

The mid infrared (IR-B 1400–3000 nm) and 
far infrared range (IR-C 3000–10600  nm) of 
wavelengths, as that of 1450 nm and 1550 nm 
non-ablative fractional lasers, of Er: YAG 
2940 nm and 10,600 nm CO2 laser, cannot pene-
trate enough to reach the retina, but can still cause 
harm to the sclera, cornea, and the lens, due to 
their rich water content.

One must keep in mind that IPLs emit non- 
collimated, non-coherent, polychromatic light 
(usually between 400 and 1200  nm), covering 

the full range of retinal hazard spectrum of 
wavelengths, potentially causing significant 
ocular and skin damage (Fig.  29.4).The 
extremely high pulse energies and peak power 
achieved with Q switching in sub-microsecond 
pulse widths can raise serious laser safety prob-
lems even for lasers with fairly small average 
output power and require high safety profile 
protection independent from the fluence, 
because the photoacoustic retinal damage pro-
duced can be destructive.

Laser and IPL hair removal of the eyebrow 
and in the periorbital area is the most reported 
cause of eye injury in the literature [10, 11], but 
eye injury has been reported also with various 
kinds of wavelengths and different ablative and 
non-ablative procedures [3].

Fig. 29.4 Laser ocular and skin damage
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29.4.4  Ocular Protection 
for the Patient

Eye protection for the patient must be constantly 
provided before activating a Class 4 medical 
laser, IPL, or a medical purpose LED light source, 
and the type of eye protection depends upon the 
area to be treated. External eye shields, usually 

made of burnished non-reflective stainless steel 
or plastic, or shielded eyelids adhesive patches 
are adequate for most laser and lights treatments 
applied outside the orbital rim, but if the treat-
ment is performed on the eyelids area, corneal 
shields are necessary (Fig. 29.5).

Corneal shields, as Cox II, Stefanovsky and 
Kahn models, are metal or plastic devices 

Fig. 29.5 Laser corneal 
shields
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 produced in different sizes, designed to cover 
the eye surface up to the lash line, offering per-
fectly smooth internal surface and rims. 
Corneal shields must be sterile and perfectly 
clean, always carefully inspected for sharp 
edges, and should be positioned after instilla-
tion of 1–2 drops of ophthalmic anesthetic and 
removed carefully to prevent possible corneal 
abrasions.

Care must be taken also to not overheat the 
metal shields with stacked pulses, to prevent an 
excessive conduction to the eye, potentially caus-
ing a corneal irritation, while hitting directly a 
plastic shield with a CO2 or Nd: YAG laser can 
melt or get them burnt [12].

In conclusion: (1) to prevent potential eye 
damage, no Class 4 laser or IPL can be directed, 
in any condition, to the patient without a certified 
patient’s eye protection positioned before the 
activation of the laser beam, as well as (2) the 
eyes of the operator and of any other person in 
the laser operative area must be preliminarily 
protected with specific personal protective 
equipment.

29.4.5  Ocular Protection 
for the Operator, 
the Assistants, and Other 
Individuals in the Laser- 
Controlled Area

When activating a Class 3B or Class 4 laser, laser 
safety eyeglasses (LSE) specific for each wave-
length must be worn by any individual within the 
laser-controlled area (LCA). Based on the UNI 
EN 207:2017 standard, labelling of CE marked 
LSE must include: the wavelength ranges suit-
able to each specific PPE; the optical density 
(OD) of the lenses, conceived to downgrade the 
incident light radiation within the limit of Class 2 
lasers (for example, OD6 means that the optical 
energy transmitted is 1/106 of incident radiation) 
[7, 8]; the protective eyewear for Class 4 lasers 
must resist to at least 100 short pulses and/or to 
10 s of continuous wave at maximum energy out-
put without significant degradation of the lenses 
or perforation [13].

The American National Standards Institute 
produces and periodically updates standards and 
guidelines for laser safety [14]. LSE should be 
also able to block the harmful laser wavelengths 
while transmitting enough visible light to allow 
the operator to visualize properly the treatment 
area (Visible Light Transmission—VLT). Of 
course, the ideal LSE should have both a high 
OD and VLT, and this compromise has some lim-
itation on the LSE protecting from the entire IPL 
range (400–1200 nm), which can usually offer an 
impaired visibility due to a proportionally low 
VLT.  The laser safety eyewear must be clearly 
engraved or labelled with information adequate 
to ensure the identification of its protection ranks 
for each specific laser [3]. Furthermore, the integ-
rity of each LSE must be periodically determined 
by the operator and by the laser safety officer 
(LSO), while not properly fitting or wear out 
devices should be replaced.

29.4.6  Extraocular Dangers Related 
to Class 4 Laser or IPLs

When operating with a Class 4 laser or intense 
pulsed light, there are some additional risks to be 
evaluated and prevented. The possibility of inad-
vertent skin burns is intrinsic to laser procedures 
as hair removal, vascular laser, photorejuvena-
tion, and ablative laser surgery. Nevertheless care 
must be given to prevent unwanted laser shots 
against the nearby objects or persons, wearing 
fireproof garments and to eliminate flammable 
materials in the LSA.

Extremely flammable substances, as alcohol 
and alcohol-based disinfectants, and first of all 
explosive gases, as oxygen, must be limited and 
possibly removed from the LSA.  Surgical fires 
are more typical in presence of oxygen-enriched 
atmosphere and lasers are a major source of 
 ignition. In the case of an oxygen-enriched venti-
lation, mainly during head and neck laser sur-
gery, additional protections and precautions must 
be integrated before activating a laser beam into 
the operative field, and an optimal cooperation 
with the anesthesiologist on these preventive 
measures is essential [15].
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The available data indicate that the surgical 
smoke and particulate is cytotoxic and possible 
vehicle of infections, suggesting that surgical and 
laser smoke is to be considered an occupational 
hazard for healthcare workers [16]. Smoke and 
plumes can be produced during common laser 
procedures as epilation, laser surgery, and tattoo 
removal. It has been documented that surgical and 
laser smoke contains hazardous chemical inhal-
ers, as benzene, hydrogen cyanide, formaldehyde, 
ammonia, sulfur, organic compounds and others, 
and also viruses (HPV, HCV, HIV), bacteria and 
viable tumor cells [17] have been isolated [18].

Particulate substances are specifically insidi-
ous due to their small dimensions, potentially 
able to pass conventional filters, and normal or 
forced ventilation in the operating room is inad-
equate for a complete and safe removal.

A high power smoke evacuator equipped with 
HEPA filters (High Efficiency Particulate filter: 
able to block 99.97% of particles smaller than 
0.30  μm) [19] or preferably with ULPA filters 
(Ultra Low Penetration Air filter: able to block 
99.99% of particles as small as 0.12 μm) [17] is 
therefore to be activated in close proximity to the 
operative area when performing a laser procedure 
producing fumes or particulate matter. HEPA and 
ULPA filters must be replaced regularly.

The operator and the assistants should wear a 
filtered mask able to block small solids, fluid 
fumes, and particles on aqueous and organic at 
least FFP2 class [20].

In some procedures, splattering blood parti-
cles and tissue debris can occur and requires 
added personal protective devices as transparent 
face masks and impermeable garments.

29.5  Conclusions

Lasers, IPLs, and LED systems are more and 
more essential medical devices in dermatology 
offices, offering patients a wide range of treat-
ment options. The implementation of a new high 
energy light system requests a risk assessment 
and a revision and adjustment of facility safety 
policies and procedures.

A genuine teamwork, a transparent and punc-
tual communication among the staff members of 
the health care facility, and an active continuing 
professional education and training on laser 
safety issues can establish the base for a trustwor-
thy operative laser safety program.
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The first clinical studies on intense polychro-
matic lights (IPL) were performed by Mulhlbauer 
et al. [1] that experimented for the first time the 
photocoagulation of vascular malformations by 
heat developed by “broad-spectrum infrared 
light,” method that had little success in the fol-
lowing years. The IPL was commercially 
launched as a medical device in the 1990s, after 
the studies of Goldman and Eckhouse who 
developed a new polychromatic light source 
emitted by a special high intensity flashlamp [2]. 
In 1995, the FDA approved the use of the 
IPL.  The emitted light comprised a vast spec-
trum of wavelengths, unlike LASERs which 
emit only one specific wavelength of the active 
medium used. Given the broad spectrum emitted 
by the IPL, experiments were resumed on the 
treatment of cutaneous vascular lesions of the 
lower limbs, such as telangiectasias and angio-
mas. To date, the IPL is mainly indicated for tel-
angiectasias of the face, congenital and photo/
chrono-induced hyperpigmentation as freckles, 

melasma and lentigo, acne, photorejuvenation, 
and hair removal [3].

30.1  General IPL Characteristics

The device consists of computer-controlled 
capacitor banks, a software that is managed by a 
multifunctional display and one or more hand-
pieces whose “head” contains a high power 
xenon lamp (flashlamp), which emits an intense 
polychromatic light in pulsed mode. Electrical 
energy stored in the capacitor bank is passed 
through xenon gas within a gas-discharge lamp, 
so that bright light is emitted; thus, electrical 
energy is converted into optical energy [4]. The 
handpiece ends with an end consisting of a rect-
angular prism of sapphire or transparent quartz 
which allows the homogeneous and uniform dif-
fusion of the light beam.

Most of the IPLs on the market have an air 
and/or water-cooling device for the lamp which 
allows a long working life up to 100000 flashes 
and helps to emit a light beam with low heat 
emission on the skin.

The lamp (flashlamp) emits a very powerful 
broad-spectrum light with wavelengths ranging 
from 400 to 1300  nm: therefore, it results in a 
polychrome light, not coherent and not colli-
mated, which is the exact opposite of the LASER 
light that emits a monochromatic, coherent and 
collimated light.
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Given the wide light spectrum, the IPL acts as 
a set of different laser beams. Thanks to convert-
ible cutoff crystal filters that selectively limit the 
emission of light, IPLs can be easily adapted to 
the desired wavelength range. A cutoff filter fil-
ters light of wavelength that is below the wave-
length of the filter, thereby allowing the 
wavelengths above to pass through.

First-generation IPL devices emitted light of 
the infrared part of the spectrum, which preva-
lently led to epithelial damage and a high inci-
dence of side effects. In second-generation IPL 
devices, water filters out the infrared portion sig-
nificantly reduced the risk of side effects [4]. 
Usually the main manufacturers provide filters 
that “cut” the radiation from 500 nm to 650 nm 
and from 980 nm to 1200 nm. Some manufactur-
ers have different handpieces with different cut-
off filters, whereas others provided one handpiece 
with interchangeable filters.

According to the various crystal filters, IPL 
can be easily and selectively absorbed by the dif-
ferent natural chromophores contained in the 
skin, such as melanin, hemoglobin, deoxyhemo-
globin, and water. The advantages offered by the 
great versatility of the system are evident, being 
able to emit a wide range of wavelengths, pulse 
durations, pulse intervals, and fluences with the 
possibility of adapting specific therapeutic pat-
terns in relation to the patient’s skin phototype. 
Pulse duration can be set in relatively wide ranges 
(depending on the particular device). This versa-
tility is advantageous for a skilled and experi-
enced dermatologist. For untrained physicians, 
however, the wide range of selectable treatment 
settings implies the risk of evoking side effects 
because of non-specific thermal damage. Further 
advantages to lasers are the lower purchase price 
and the more robust technology.

30.2  IPL–Tissue Interaction

The interaction between light energy and a bio-
logical medium depends on the wavelength of the 
radiation and on the optical properties of the tis-
sue. When light interacts with a tissue, the fol-
lowing phenomena occur: (1) reflection, (2) 
transmission, (3) scattering, and (4) absorption.

Reflection and transmission have no effect on 
the tissue; the light energy is reflected above the 
surface (like a mirror) or passes through the tis-
sue (transmission). Approximately 5% of the 
light that impacts on the surface of the skin is 
immediately reflected, the other 95% is absorbed 
or scattered inside the tissue. In the case of 
absorption, the photon releases its energy to a tar-
get chromophore [3]. Scattering is the deviation 
of light at the moment of penetration into the tis-
sue (for example by the collagen fibers).

It is essential to use a cooling medium such as 
a cold transparent or cooled gel, placed between 
the skin and the IPL handpiece, not only to mini-
mize light reflection, but also to distribute it 
evenly and to dilute the thermal effect on the skin.

30.3  Mechanism of Action of IPL

The biological effects of IPL, similar to lasers, 
are expressed through the selective absorption of 
light radiations by endogenous cutaneous chro-
mophores (mainly hemoglobin, melanin, and 
water). The electromagnetic energy absorbed by 
the chromophore is transformed into thermal 
energy (photothermal effect) with heating of the 
chromophore and of the cells or tissues that con-
tain it and subsequently destruction of the target 
structure [4] (photothermolysis).

The thermal effects on a tissue vary with the 
temperature; at 50–60°C, conformational 
changes of protein molecules, membrane altera-
tions with cellular coagulative necrosis (photoco-
agulation) and collagen denaturation occur; at 
temperatures over 100°C, there is a vaporization 
of the tissue water with possible formation of 
vapor bubbles which, when burst, cause an explo-
sive photomechanical effect on the tissue.

The pulse duration and the thermal relaxation 
time (TRT) are fundamental to limit the thermal 
effects. The first is the duration in the millisecond 
(ms) range, of the single light pulse, while TRT is 
the time that the tissue radiated by the light pulse 
takes to cool by half of its peak temperature after 
laser irradiation. Similar to laser devices, pulse 
duration should be less than or equal to the TRT 
of the target structure to prevent unselective dam-
age to the surrounding tissue. The TRT is different 
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for different tissues: e.g., for the skin with a thick-
ness of 0.1 mm it is about 1 ms, in the case of a 
thickness of 0.3 mm it is 10 ms. Thicker is the tis-
sue, longer should be the cooling time. Multiple 
pulses with suitable silent intervals (delay) allow 
to progressively and sequentially heat the target 
until its destruction, leaving the skin and the sur-
rounding tissues the possibility of cooling down.

The parameters that can be adjusted are:

 (1) Cutoff filters: to select the wavelength to 
achieve the right penetration depth and target 
(Table 30.1).

 (2) Fluence: the quantity of energy delivered on 
surface units. Fluence is expressed in j/cm2 
(the range varies from 2 to 90  j/cm2). The 
regulation of this parameter allows to mea-
sure the heat released per unit of skin area.

 (3) Duration of the pulse: varies from 1 to 
100 ms, determines the time of exposure to 
light and if higher than the TRT of the target 
causes its destruction (photothermolysis).

 (4) Interval between one pulse and another 
(delay) expressed in ms (varies from 1 to 
50 ms); it allows to control the effect on the 
skin.

 (5) Frequency of luminous pulses (the radiant 
energy can be administered in a single pulse 
or fractioned in a sequence of two or more 
consecutive pulses) which partly determines 
the depth of penetration of the wave and 
partly the mode of release of the energy.

The emission of the luminous flux can be of a 
sigmoid type with an initial peak that decreases 

progressively or of square wave type with con-
stant emission. The most advanced pulsed lights 
which are now on the market are based on the 
square wave, because it allows a homogeneous 
absorption of the energy packet emitted at each 
flash, avoiding an initial excessive overheating of 
the skin. The square wave pulse makes it possible 
to use reduced fluences and obtain the same result 
with fewer side effects.

Although IPL systems are equipped with a 
software that allows the use of preset parameters, 
these data must be only indicative for the user, 
since the parameters must be individually cali-
brated on the basis of: (1) phototype (usually 
phototypes V–VI according to Fitzpatrick scale 
should not be treated); (2) skin types (lower flu-
ences on sensitive skin); (3) target depth (longer 
are the wavelengths, deeper the energy is deliv-
ered); (4) target type (it should be considered the 
surrounding absorbent tissues and if the target is 
moving, such as hemoglobin in the blood vessel). 
However, it is good to start any type of treatment 
by performing a test on the area to be treated, 
evaluating the effects at 10  min and 24  h [3]. 
Specifications of IPL parameters given in this 
chapter are only indicative and should not be 
assumed to be the same on different IPL 
systems.

30.4  Acne

It is a chronic inflammatory dermatosis of the 
pilosebaceous follicle; it mainly affects the ado-
lescent population and can also persist in adult-
hood. The typical acne manifestations consist in 
the presence of seborrheic skin, comedones, pap-
ules, pustules, fibro-cystic nodules, and scars. 
The use of IPL or LASER equipment in the 
medical- aesthetic treatment of moderate and 
severe acne is now clinically accepted.

Photons act on acne lesions with two specific 
mechanisms:

 (1) They recognize protoporphyrin IX and cop-
roporphyrin III, chromophores produced by 
Propionibacterium acnes present in sebum, 
as a target of induced photothermolysis. 
Usually the following frequencies are used: 

Table 30.1 Intense polychromatic light spectra to be 
used in different indications

Spectra Indications
430–1120 nm Vascular lesions, acne, 

hyperpigmentation
480–1120 nm Vascular lesions, 

hyperpigmentation, skin 
photorejuvenation

530–1120 nm Vascular lesions, 
hyperpigmentation, skin 
photorejuvenation

640–1120 nm Epilation
690–1120 nm Epilation
755–11250 nm Epilation
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415, 510, 542, 578, 633, 655  nm. 
Subsequently, there is the production of reac-
tive oxygen species (ROS) and consequent 
bactericidal effect.

 (2) They aimed at the selective thermolysis of 
hemoglobin in the vascular network that irri-
gates the sebaceous glands with cytolysis 
and a subsequent strong reduction in the 
sebaceous secretion of acne skin.

There is also the possibility of increasing the 
damage to the sebaceous glands by penetrating 
the skin with photosensitizing substances that 
selectively accumulate in them, absorbing the 
light energy emitted by the IPL device to a greater 
extent, with high photothermal damage.

The procedure consists in applying the hand-
piece with xenon lamp and using dedicated cutoff 
filter (for example, 430 nm filter allowing emitted 
wavelengths longer than 430 nm), single pulse, flu-
ence around 17–22 j/cm2, and TRT of 30 ms. The 
cycle should be repeated every 3–4  weeks. Two 
sessions per week of medium-low fluences, associ-
ated with soft-peeling and topical home therapy, 
allow to obtain an excellent control of the phenom-
enon and to prevent cysts formation and scars.

The most serious forms of acne that do not 
respond to normal medical therapies can be 
greatly benefited from the use of pulsed light in 
photodynamic technique (PDT) with photosensi-
tizers such as 5 alpha levulinic acid (5 ALA) in a 
3–5% solution to be applied 2–6 h before; subse-
quently, the skin area is exposed to the pulsed 
light of 630 nm with fluence from 25 to 75 j/cm2 
and TRT from 10 to 30  ms, every 3  weeks. 
Clinical results after 3–4 cycles are characterized 
by long-term disappearance of inflammatory and 
infectious skin manifestations caused by 
Propionibacterium acnes with a marked improve-
ment in skin texture [5–7].

30.5  Vascular Lesions

IPL can be used for a wide range of vascular 
lesions, from capillary malformations (port-wine 
stains) to telangiectasias of the face and lower 
limbs [8]. Some of the device filters for vascular 
lesions frequently encompass wavelengths that 

are readily absorbed by melanin, so overly 
aggressive settings can result in absorption in 
darker skin types resulting in blistering and 
postinflammatory hyperpigmentation [9]. With 
these concerns, many devices offer filters which 
allow for omission of the longer wavelengths 
which can be chosen for achieving lower melanin 
absorption. Additionally, newer models incorpo-
rate more than one filter which block both shorter 
and longer wavelengths, resulting in a narrow-
band IPL that emits broadband light over a nar-
row wavelength range such as 500–600 nm [9]. 
The wavelength range of these narrowband IPLs 
may allow safer treatment of vascular lesions.

IPL uses the mechanism of photothermolysis 
and specific wavelengths to selectively destroy 
blood vessels by targeting hemoglobin within the 
erythrocytes contained in the vessels. Radiations 
of lesser wavelength of 550–600  nm are better 
absorbed by the hemoglobin contained in the 
small superficial vessels, while the wavelengths 
between 600 and 1100 nm are used for larger and 
deeper venous vessels because they contain 
deoxyhemoglobin. Therefore, longer wavelength 
cutoff filters are used to treat deeper and larger 
blood vessels. Lower cutoff filters (515 or 
550 nm) are effective in treating smaller-caliber 
vessels, but interact more readily with epidermal 
and dermal melanin and should be reserved for 
treating fair-skinned individuals. Energy densi-
ties should be set appropriate to the lesion being 
targeted. Larger and deeply situated vessels 
require more energy to heat up (50–75 j/cm2)and 
smaller vessels heat more quickly and can be 
treated with lower fluences (25–45 j/cm2) [10].

Pulse duration must be less than the TRT of 
the chromophore (generally between 0.5 and 
88.5 ms) in order to spare the surrounding tissue 
from excess heating [10]. Varying intervals 
between pulses range within 10–500  ms; the 
delay between pulses allows the non-target tis-
sues to cool down while the heat is retained in the 
target of interest [10].

Single or multiple pulses can be used. Usually 
a first pulse with duration lower than the TRT is 
given to the vessels to hit; this induces only a 
warming of hemoglobin and its subsequent trans-
formation into methemoglobin; it follows a delay 
(interval between the individual pulses) of 
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1–300 ms, less than the TRT of the treated ves-
sels, but superior to the TRT of the surrounding 
tissues. This delay allows the epidermis cells and 
smaller vessels to cool down between pulses 
while the heat is retained in the larger (target) 
vessels, resulting in selective thermal damage. A 
pulse longer than the first is followed which 
brings the temperature to coagulative necrosis of 
the red blood cells and consequent intraluminal 
thrombosis. The necrotic material is then elimi-
nated by the macrophages [11, 12].

30.6  Rosacea

A significant reduction in blood flow, telangiecta-
sia, and erythema in the irradiated area can be 
observed with IPL [3, 13]. 570 nm filter, 3–4.5 ms 
pulse duration, 40–50 j/cm2, and 60 ms delay can 
be used. There are case reports, where the patient 
is first treated topically with azelaic acid at 15% 
and then undergoes an IPL session [3, 10].

30.7  Telangiectasia

Telangiectasia corresponds to dilated capillaries, 
venules, or arterioles with a diameter between 0.1 
and 1.0 mm and appears as bluish-red color lines 
on the skin. The lesions can affect not only the epi-
dermis, but also the mucous membranes. They are 
favored by repeated inflammatory processes, 
genetic predisposition, and hormonal variations 
such as pregnancy and atrophy of skin tissue. IPL 
is able to determine the disappearance of telangi-
ectasia in most of cases after 1 to 10 treatment ses-
sions, using low filters (570 nm), pulses of 2.5–6 s, 
fluences between 21 and 50  j/cm2, and delay of 
20–30 ms. For dilated vessels > 1 mm, it is better to 
use a 590 nm filter, 3 + 3 + 3 ms per pulse (triple-
pulse mode), delay of 20 ms, and fluence of 50 j/
cm2 [12, 14].

30.8  Port-Wine Stains

Port-wine stains are capillary malformations of 
the capillaries of the papillary dermis and the 
superficial reticular dermis, characterized by 

reddish- purple macules that typically appear on 
the face or neck. IPL can be useful in the treat-
ment of these lesions that do not respond to the 
pulsed dye-laser, thanks to the excellent penetra-
tive capacity, obtaining a clinical improvement or 
complete disappearance of the lesion in most of 
cases. Despite the efficacy of IPL, a subset 
remains resistant to treatment, particularly those 
lesions in the V2 dermatome where deeper ves-
sels are located [15]. From 1 to 5 sessions with 
2.5–5  ms pulse, fluence 20–70  j/cm2 should be 
considered for this indication [15–17].

30.9  Venous Malformations

They correspond to malformations of large or 
medium thick walled veins, located deeply in the 
dermis and/or subcutaneous tissue. Satisfactory 
results are obtained in half of the patients with 
venous malformations after 1–10 treatments 
using pulses of 2.5–8.7 ms and fluences varying 
from 32 to 90 j/cm2 [18–20].

30.10  Poikiloderma of Civatte

Poikiloderma of Civatte is characterized by areas 
of cutaneous atrophy, fine spider telangiectasia, 
and reticulated brownish pigmentation, located in 
the lateral regions of the neck and in the upper 
thoracic region due to prolonged exposure to sun-
light. The chin is always spared. From the histo-
logical point of view, the dilated vessels are 
mainly postcapillary venules located in the super-
ficial dermis, while the pigmentation depends on 
an accumulation of melanin in the basal layer of 
the epidermis and in some melanophages located 
in the papillary dermis. IPL is particularly suitable 
for the treatment of superficial poikiloderma of 
Civatte and extensive erythrosis due to its larger 
spot size. IPL can correct both vascular alterations 
and pigmentations at the same time, taking advan-
tage of its broad spectrum of emission, or act only 
on the telangiectatic component, choosing filters 
that eliminate low wavelengths. Poikiloderma of 
Civatte can be treated with 3–5 treatments with 
variable pulses at 2.4–4 ms, range of 10 ms, and 
fluences between 22 and 42 j/cm2 [20–22].
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30.11  Skin Photorejuvenation

Skin aging is caused by intrinsic aging (chrono-
aging) and extrinsic aging (photoaging due to 
exposure to UV rays and inadequate life style 
such as alcohol intake, smoking, and sedentary 
life).The photoaging appears in different forms, 
but the two main aspects that characterize it from 
the beginning are the laxity of the skin and the 
appearance of fine wrinkles.

The photorejuvenation with IPL was devel-
oped around 2000 with Goldberg and Bitter [23–
25], who had clinically observed that serial 
treatments with IPL on the face determined an 
improvement of the texture from the skin, a 
reduction both in telangiectasias and in hyperpig-
mentations. Subsequently, the histological dem-
onstration of reduction of dermal elastosis was 
added, with deposition of neo-collagen type I and 
III and a reduction of the inflammatory infiltrate 
in the dermal papillae at a distance of 3–6 months 
from a cycle of treatments [26]. Melanin and 
hemoglobin are always used as targets, offering 
pulse durations slightly higher than the TRT of 
these targets; thus there is a thermal diffusion 
which leads to a thermal effect responsible for 
the production of new collagen.

The new apposition of collagen fibers takes 
place through a double mechanism: (1) direct by 
thermal stimulation on the fibroblast and (2) indi-
rect with heat denaturation of the collagen and 
elastic fibers and consequent fibroblast stimula-
tion. Furthermore, the damaged vessels release 
cytokines which amplify the signal to the fibro-
blast. Furthermore, the denaturation of the colla-
gen and elastic fibers implies the folding and the 
shortening of these fibers, which clinically mani-
fest with an improvement of the texture [27].

The skin areas to be treated with IPL must be 
healthy, and not tanned. The patient in the month 
preceding the treatment must not expose himself 
to tanning lights and should not use self-tanning 
creams. The use of sunscreens before and after 
the treatment is recommended. Areas sensitive to 
herpetic recurrence require antiviral prophylaxis.

Filters of 515 to 590  nm are used alone or 
alternated in the same session according to the 
equipment used. The 560 nm filter is present in 

all IPL on the market and is generally used alone 
with a very variable fluence from 17 to ~ 40 j/cm2, 
pulse of 2–10 ms, single or multiple pulses and 
TRT up to 10 ms. The frequency of the sessions 
is monthly, and usually a double pass is per-
formed, the first of medium intensity on the face, 
neck, and breast, and the second at high intensity 
on the areas with greater skin aging. The 590 nm 
and 560 nm filters are used for vascular lesions or 
for dark skinned individuals, whereas the 515 nm 
filter might be used to treat hyperpigmentations 
in lighter skin subjects [28]. The sessions required 
vary from patient to patient and from the indi-
vidual response, generally a cycle includes 5 to 8 
treatments and 2 to 4 annual sessions for mainte-
nance of the results.

The most common side effects occur in the 
post-treatment are: erythema, burning, and 
edema, which disappear in the following 72  h. 
Hyperpigmentation or hypopigmentation may 
appear even after 2–4 days and disappear within 
3–12 months.

In very sensitive skins treated with inadequate 
fluences, erosions can be developed on the treated 
area, which must be left to heal spontaneously. 
The appearance of hypertrophic and keloid scars 
is rare.

30.12  Hair Removal

Treatment of hypertrichosis is one of the main 
indications of IPL.  The absorption of the light 
radiation by the melanin contained in the hair fol-
licles gives an excellent epilating effect.

The follicles most susceptible to the action of 
IPL are the terminal ones with hairs rich in 
eumelanin (brown or dark hairs); among these 
are the anagen follicles with very pigmented 
bulbs that represent the best target of IPL espe-
cially those in initial anagen having newly formed 
pigmented bulbs superficially located in the 
dermis.

The excellent penetration capacity of IPL 
allows both to reach the follicular structures and 
to act on hair with a lower content of eumelanin. 
Damage and/or destruction of the bulbar region is 
easily obtained by direct absorption of the light 
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and subsequent heating of the melanosomes con-
tained in the bulbar keratinocytes.

To irreversibly damage the hair follicle, it is 
necessary to take advantage of the absorption of 
the radiation by the extremely pigmented corneo-
cytes of the hair, located in the isthmus; their 
heating allows the transmission of a part of the 
heat to the adjacent structures, with possible 
coagulation damage of the surrounding keratino-
cytes of the bulge. This effect is obtained by 
modulating the times of the single pulses, which 
must be less than the TRT of the bulb and higher 
than the TRT of the isthmus zone; the interval 
between the pulses is lengthened in order to favor 
the cooling of the epidermis.

After the IPL treatment, all the anagen folli-
cles present in the irradiated area are converted in 
the telogen phase. A small part of these will suf-
fer irreversible damage such as to no longer allow 
their growth, but most follicles will return to ana-
gen after a rest phase (telogen/kenogen); as a 
result of the alterations caused to the regenerative 
structures, the hairs that will be born from the 
new follicles will be smaller, thin, short, and less 
pigmented than the previous ones. This explains 
why more treatment sessions will be needed, 
spaced over time to get good results.

Several studies have established the hair 
removal efficacies of IPL systems that emit a 
broad spectrum of longer wavelengths; however, 
the clearance rate and satisfaction level vary 
greatly. The advantages of the IPL devices com-
pared to lasers include lower cost and the conve-
nience of larger light guides that enable treatment 
of larger areas [29]. 625–1200 nm filter, with a 
pulse between 1.5 and 3.5 ms, fluence between 
34 and 55 j/cm2, and interval between pulses of 
20–50 ms can be used [4, 29, 30]. Epilation takes 
about 3 to 9 sessions, depending on the area to be 
treated (~ 3 sessions for the face and 9 for the 
legs). Between one session and another, 4–5 
weeks must pass, and the duration of the sessions 
varies from a few minutes to an hour depending 
on the areas to be treated.

In rare cases, during or after a treatment in the 
facial area, a “paradoxical effect” can be 
observed, which consists in the appearance of 
new, dark, terminal hairs in the skin areas imme-

diately surrounding the irradiated ones [31]. 
When correctly set, epilation with IPL does not 
damage the surrounding tissues, it is not painful, 
and the patient only perceives a sensation of heat; 
in sensitive skin, a slight redness may appear. 
When the parameters are not correctly adjusted, 
possible complications are epidermal burning 
with blisters, erosion, and crust formation fol-
lowed by postinflammatory hypo- and/or hyper-
pigmentation [31]. Tanned skin contraindicates 
the treatment; in this case, 3–4 weeks must pass 
before being subjected to treatment.
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Vascular Lasers: Tips and Protocols

Pier Luca Bencini and Stefania Guida

31.1  Introduction

First applications of lasers in vascular lesions 
have been performed in 1960s on a port-wine 
stains (PWSs) with a ruby laser [1]. After the 
introduction of selective photothermolysis theory 
[2], new laser devices, more suitable for vascular 
surgery, were introduced. Selected chromophores 
have been identified, representing molecules into 
tissues that can selectively absorb specific wave-
lengths, converting the light energy to thermal 
energy after the absorption. Therefore, the 
absorption of an appropriate wavelength can 
selectively damage or destroy a chromophore. 
After that, the heated body tends to cool while 
delivering heat: the thermal relaxation time 
(TRT) is the time interval required for the target 
to deliver 50% of heat to surrounding tissues. The 
laser pulse duration should be shorter or equal 
than the TRT of the target in order to minimize 

the thermal damage to surrounding tissues and to 
avoid scarring.

In order to identify specific targets (chromo-
phores) and wavelengths employed for vascular 
lesions, the following considerations should be 
considered:

• Chromophore: The main chromophore is oxy-
hemoglobin, with main absorption peaks at 
542 and 577  nm, and also a little peak at 
1064 nm. On the other hand, for melanin (that 
should be considered as the competitor chro-
mophore), the longer the wavelength the lesser 
the absorption. Therefore, for darker photo-
types longer wavelengths and longer intervals 
and pulse durations should be employed to 
avoid epidermal damage and post-treatment 
hyperpigmentation [3]. However, other blood 
chromophores, such as metahemoglobin, pro-
duced during laser passes and deoxyhemoglo-
bin, present in the leg veins, should also be 
considered to efficiently treat vascular lesions. 
These chromophores absorb wavelengths also 
in the 800–1200 spectrum [4, 5].

• Wavelengths: The longer the wavelength, the 
deeper the penetration into the dermis, thus 
lasers emitting longer wavelengths are more 
suitable for thicker and deeper lesions. 
However, the laser energy absorbed by oxy-
hemoglobin decreases, and higher fluencies 
are needed to compensate for the lower 
absorption.
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In addition, other factors should be taken into 
account in order to perform a proper vascular 
laser treatment:

 1. Vessel location and skin site. The depth of the 
lesions is important since superficial lesions 
respond better to lasers emitting shorter and 
more selective wavelengths, such as 532 and 
595 nm, while deeper ones should be treated 
by longer near-infrared lights. However, the 
vessels localized in the deep dermis and hypo-
dermis poorly respond to trans-epidermal 
laser irradiation. For example leg veins, unlike 
the telangiectasias of the face, have a muscu-
lar layer, thicker walls, and a very high hydro-
static pressure, thus requiring higher energies 
to perform an efficient thermocoagulation. 
Furthermore, leg veins are bluer, deeper, and 
contain less oxyhemoglobin and more 
deoxyhemoglobin.

 2. Chromophore and target. Unlike for tattoo 
and other pigmented lesions, where chromo-
phore and target overlap, in vascular surgery 
the chromophore (oxyhemoglobin) differs 
from the target (the vessel wall). Therefore, 
the chromophore is used as a kind of optical 
firelighter, allowing the thermal energy pro-
duced within the red blood cells to diffuse 
through the blood and to damage the walls of 
the vessels, producing thrombosis. 
Accordingly, different laser pulse lengths 
must be considered taking into account the 
blood flow and the different diameters of the 
vessels. In detail, the larger the vessels, the 
longer the required pulse durations [6].

 3. Blood flow. The target in vascular lesions is 
dynamic; as blood flows into the vessels, new, 
untargeted blood takes away the heat induced 
by light absorption, thus protecting the vessel 
by thermal damage induced. Therefore, to 
increase the heated volume of the blood, large 
spot sizes are recommended.

31.2  Epidermal Cooling

Epidermal cooling is required for the protection 
of epidermis from overheating during laser 
coagulation of dermal vessels. Therefore, the 

use of a cooling system is mandatory for epider-
mal protection in order to avoid damages to 
keratinocytes and melanocytes, as well as pig-
mentary and textural changes. Among different 
cooling devices, cryogen molecules, devices 
blowing precooled air on the epidermis, and 
cold sapphire contact handpiece can be 
employed. However, although a cooling device 
is necessary, it should be kept in mind that it 
decreases skin temperature thus inducing vaso-
constriction, thus potentially reducing the effi-
cacy of laser treatment.

31.3  Main Laser Sources 
for Vascular Surgery

31.3.1  Pulsed Dye Laser (PDL)

PDL has been the first laser based on the selective 
photothermolysis theory. It is considered to be 
the laser of reference for safe treatments of many 
vascular lesions, such as PWSs, facial telangiec-
tasia, hemangioma, and poikiloderma of Civatte. 
PDL emits a yellow light due to its lasing 
medium: the rhodamine 6G dye. First devices 
emitted a pulsed beam at 585 nm, employing a 
pulse duration of 450  ms, partially limiting 
results. In addition, the short penetration of the 
laser light (about 0.2 mm below the dermo-epi-
dermal junction) was not sufficient to target many 
vascular lesions and its short pulse duration 
caused vessel disruption resulting in a cosmeti-
cally embarrassing, long-lasting, post-treatment 
purpura. To date, PDLs have a longer wavelength 
(595), longer pulse durations (1.5–40  ms), and 
larger spot sizes, allowing a deeper penetration 
and a vascular coagulation with a more comfort-
able post- treatment [7].

31.3.2  Neodymium:Yttrium- 
Aluminum- Garnet (Nd:YAG) 
Laser

Nd:YAG laser has the primary wavelength of 
1064 nm. This wavelength is characterized by a 
deeper penetration, allowing a coagulation effect 
at a 5–6  mm of depth [8]. Despite an absolute 
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lower absorption of this wavelength by hemoglo-
bin, the ratio of melanin to blood absorption is 
similar at both 585 and 1064  nm. On the one 
hand, an increased fluence should be used to 
compensate the lack of hemoglobin selectivity. 
On the other hand, the absorption of the 1064-nm 
wavelength by blood is higher than that of the 
surrounding dermis, thus leading to a selective 
and relatively safe treatment of deeper blue and 
larger vessels [9–11]. However, to avoid potential 
thermal damages such as blistering, crusting, pig-
mentary, and textural abnormalities and scarring, 
using a cooling system is mandatory.

31.3.3  Doubled 532-nm Nd:YAG 
Laser

Nd:YAG laser with a primary 1064 wavelength 
can be doubled with a second 532-nm wavelength 
through a crystal of potassium titanyl phosphate 
(KTP). The 532-nm light is preferentially 
absorbed by oxyhemoglobin although this wave-
length is too short to penetrate into the dermis and 
coagulate medium deep vessels. As a conse-
quence, KTP is employed on small and superficial 
vessels. Importantly, in case of treatment of pig-
mented skin, caution should be made because its 
interaction with epidermal melanin can lead to 
dyschromia and textural changes, potentially 
related to thermal damage of the epidermis.

31.4  Operative Management

31.4.1  Patients’ Selection and Main 
Contraindications to Vascular 
Laser Surgery

Before vascular laser treatment, patients should 
be evaluated to exclude the presence of potential 
contraindications to treatment such as keloids, 
unstable vitiligo, lichen ruber planus, psoriasis, 
and a history of photoinduced dermatoses, immu-
nosuppressive drugs use. Furthermore, patients 
taking oral isotretinoin or other oral retinoids, 
patients with unrealistic expectations, or not 
compliant patients should also be adequately 
selected.

31.4.2  Pre-laser Treatment Care

Exposure to UV irradiation prior to and after 
laser treatment should be avoided to reduce the 
risk for side effects, especially thermal burns and 
dyspigmentation [12]. Sunscreens are therefore 
recommended at least 4 weeks prior to the first 
treatment [13]. The skin area to be treated should 
be make-up free.

Laser treatment can be painful. However, in 
most cases, local anesthesia is not required. In 
addition, anesthesia can be avoided in adult 
patients because pain is the best early warning 
system to prevent side effects caused by heat 
destruction.

31.4.3  Post-laser Treatment Care

After alexandrite, diode, or millisecond Nd:YAG 
lasers, the treated skin can show mild erythema 
and edema, whereas specific parameters of PDL 
treatment can induce purpura with surrounding 
tissue hyperemia. Therefore, some advices are 
herein reported [14]:

• To prevent or reduce swelling, post-treatment 
cooling with ice packs (or cold air) is sug-
gested on larger areas such as cheeks or neck 
after the laser treatment until reduction of pain 
or redness.

• If treatment is performed close to or around 
the eye, periocular swelling can occur. Thus, 
patients should be instructed to sleep with an 
extra pillow in order to reduce the edema.

• Sun exposure should be avoided to prevent 
post-inflammatory hyperpigmentation.

• The treated area is delicate and must be han-
dled with care during the initial healing phase 
(7–10  days), without scratching. A non- 
irritating soap can be used on the treated areas 
and a bland moisturizer should be applied to 
the areas of laser treatment.

• Make-up can be used immediately after treat-
ment except if blistering occurs.

• In case of blistering with open wounds, petro-
latum jelly should be applied.

• Showers are allowed, but prolonged bathing 
and sauna are not advised.

31 Vascular Lasers: Tips and Protocols
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It may take a few weeks for bruising or scabs 
to disappear and to notice fading of the primary 
vascular lesions. During the ensuing weeks, the 
absorption of coagulated treated vessels will 
occur by the surrounding tissue. The response to 
the treatment should not be evaluated for several 
weeks until the healing process is complete. Leg 
vein results may not be visible until 2–3 months 
after treatment.

31.4.4  Side Effects

Complications related to laser treatment are lim-
ited by operator education and experience [14].

• Pain. Each pulse laser can be associated to a 
burning sensation, thus producing a minimal 
to moderate discomfort. However, pain is a 
marker of possible side effects, therefore anes-
thesia should be avoided in adults.

• Purpura, bruising. Immediately after laser 
session, gray or blue-black discoloration can 
occur in the treated area. This discoloration 
usually fades over the next 7–10 days.

• Swelling. A few minutes after laser treatment, 
both erythema and edema can occur, above all 
when the areas under eyes and neck are treated. 
Swelling decreases within 3–5 days when ice 
is regularly applied. Parallel and post-cooling 
can diminish the amount of edema.

• Discoloration, blisters, or crusts develop 
rarely. Gray or pale white discoloration of the 
epidermis is a sign of early dermal damage 
indicating an inappropriate high radiant expo-
sures. This sign will last a few seconds and it 
is followed by blister formation, epidermal 
disruption, and necrosis. However, this effect 
can be immediate or delayed, therefore, the 
treated test spot should be observed for at least 
5 min before proceeding with full treatment. 
Reduction of radiant exposure, intense cool-
ing, and prolongation of the pulse duration 
should be taken into account. These effects 
can require 1–2 weeks to resolve.

• Infection can be predicted by the appearance 
of swelling, redness, crusting, pain, and fever. 
Topical antiseptics or oral antibiotics should 
be used.

• Reactivation of herpes simplex when areas of 
recurrences are treated. Thus, prophylactic 
oral virostatic therapy is recommended when 
the patient has frequent recurrences (more 
than 6 per year), starting the day before the 
laser treatment.

• Hyperpigmentation, usually fading within 
2–6  months, occurring most commonly in 
patients with darker skin type (Fitzpatrick 
III–V). Sun exposure contributes to the wors-
ening of this effect. Topical bleaching cream, 
such as hydroquinone, can be used.

• Hypopigmentation, which is mostly caused by 
overtreatment. Skin lightening usually repig-
ments within 3–6 months. However, it could 
be persistent, most frequently on the neck, 
legs, and chest.

• Skin texture changes are usually related to 
overtreatment—in cases of excessive radiant 
exposures or when overlapping laser spots are 
used.

• Scarring, mainly related to overtreatment, and 
mostly occurring with Nd:YAG laser due to 
the deepest laser light penetration. Following 
all advised post-operative instructions can 
reduce this adverse event.

31.5  Main Vascular Disorders 
Responsive to Vascular 
Surgery

31.5.1  Vascular Malformations: PWSs

PWSs represent congenital low flow vascular 
skin malformations, involving 0.3% of the popu-
lation [15]. At birth, PWSs are superficial and 
they appear as light pink flat patches. With pass-
ing time, they do not resolve spontaneously and 
tend to become dark purple in color, in relation to 
progressive vessel ectasia. Nodules and plaques 
can develop, in almost two-thirds of middle-aged 
patients, due to deeper hypertrophy [16, 17]. 
Considering its vascular selectivity, 585-nm PDL 
treatments have been considered the gold stan-
dard in therapy for vascular birthmarks [18, 19]. 
However, since several factors may influence the 
response to PDL treatment, the results are some-
times unpredictable. As a matter of fact, the fol-
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lowing aspects should be considered before 
therapy:

• Videodermoscopy pattern. Two different PWSs 
videodermoscopic patterns have been 
described. Type 1 is characterized by blobs of 
tortuous, superficial, enlarged capillary loops, 
whereas in type 2 typical rings and arched lines 
related to ectatic vessels in the superficial hori-
zontal vascular plexus are observed. Intuitively, 
patients with the more superficial type 1 pattern 
respond better to flashlamp- pumped pulsed dye 
laser treatment [20]. However, a type 3, show-
ing combined features between type 1 and 2, 
has also been described and associated with a 
poor clinical response [21].

• Skin site: PWSs arising on the extremities 
have shown a poor response to laser treat-
ment, probably due to different blood deoxy-
genation and gravitational effects [22]. Some 
other anatomical areas may influence the 
response to treatment: centrofacial areas and 
the skin region corresponding to the derma-
tome V2 respond less than the other facial 
sites, probably for vessels located more 
deeply [23, 24].

• Size: Results of laser treatment depend on the 
extent of the PWSs. Accordingly, the larger 
the extent (more than 60 cm2) the worse the 
result, as compared to smaller lesions [25].

• PWS evolution: hypertrophy and thickness 
occurring during the typical evolution of the 
PWS, make the conventional 585 dye laser 
treatment more difficult in adults, with vari-
able degrees of clearing, even after several dye 

laser sessions [26]. Therefore, the evolution of 
PDL devices, exploiting the 595-nm wave-
length in a longer pulse duration, has enabled 
an increased penetration of the light, although 
maintaining a good vascular specificity [27, 
28], thus leading to an increased efficacy in 
these difficult-to-treat PWSs (Fig. 31.1).

In addition, the cryogen cooling protects the 
epidermis from overheating, allowing a safe use 
of higher fluencies and accelerating the PWSs 
clearance [29–32]. Therefore, PDL still repre-
sents the gold standard treatment for the majority 
of PWSs [33], even if results on nodular PWSs 
still remain unpredictable [34] and many of these 
lesions fail to fully respond. On the other hand, 
multiple passes or pulse-stacking techniques 
have been introduced to improve results [35–37]. 
According to Rajaratnam [37], all these tech-
niques may be useful but deserve further investi-
gations with randomized prospective studies and 
histological analysis to confirm the increased 
depth of vascular injury.

Other light sources have been applied to 
increase the resolution of difficult PWSs. For 
instance, intense broad-spectrum pulsed light 
(IPL) [38, 39], Alexandrite 755-nm laser, and 
1064-nm Nd:YAG long-pulsed laser have been 
also evaluated [20, 40].

In particular, 1064-nm Nd:YAG long-pulsed 
laser has been recently used on PWSs because of 
its ability to penetrate deeper [41]. Unfortunately, 
the high energies required for this laser treatment 
can cause scarring due to epidermal overheating 
and burning [41].

Fig. 31.1 Port-wine stain located in the distribution area of the second branch of the trigeminal nerve, before and after 
595-nm dye laser treatment
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However, methemoglobin formation stimula-
tion can be performed in order to obtain a wide 
vascular damage for difficult-to-treat PWSs, with 
a lower incidence of complications. A combina-
tion system of a 595-nm laser and a 1064 Nd-YAG 
wavelength [42, 43] or a dual-wavelength 
approach with 585-nm PDL laser and 800-nm 
diode laser can be used to achieve this effect 
through photoinduced oxidation [44].

Photodynamic therapy is a relatively new 
approach in the treatment of PWS. In this case, 
an exogenous chromophore-like porphyrin deriv-
ative is employed and it concentrates in the 
ectatic capillaries. Subsequent irradiation by 
either coherent or noncoherent light of appropri-
ate wavelength generates oxygen-derived free 
radicals in the presence of the porphyrin deriva-
tive and oxygen, selectively damaging the capil-
lary wall [45].

31.5.2  Infantile Hemangiomas (IH)

IH are benign vascular tumors that can be distin-
guished from PWSs. The main clinical hallmark 
of hemangiomas is their typical evolution, char-
acterized by a proliferative early phase lasting 
several months, gradually leading into an involu-
tive phase. However, the spontaneous involution 
may be incomplete, thus 15–20% of the lesion 
may not disappear [46]. Moreover, residual evi-
dence with scar formation, fibrofatty masses, 
atrophic wrinkling, yellowish discoloration, and 
telangiectasias is usually seen after complete 
involution.

Treatment. The majority of IH are small. 
However, in 10–15% of cases (e.g., segmental 
and multifocal infantile hemangiomas, or occur-
ring in the periocular, airway, or perineal area, 
when complications such as ulceration are pres-
ent), treatment is mandatory.

According to the American Academy of 
Dermatology [47], the treatment should:

• Prevent or reverse life-threatening 
complications.

• Prevent disfigurement left by residual skin 
changes.

• Minimize psychological stress.

• Avoid scarring process.
• Prevent or treat ulcerative lesions to minimize 

complications such as infection, pain, or 
scarring.

Large cervicofacial segmental hemangiomas 
can be associated with other malformations, that 
should be excluded with ultrasound or magnetic 
resonance imaging [48].

Since 2008, oral β-blockers, mainly proprano-
lol, have been successfully applied to the treat-
ment of the majority of IH [49]. Early studies 
revealed that a combination of laser and propran-
olol may be more effective than propranolol 
alone for superficial lesions [50].

Laser treatment. PDL treatment is effective 
for the precursor lesions and for small superficial 
IH; this laser should be used at the earliest sign of 
IH and as soon as possible in the proliferative 
phase [51].

Early treatment with the 595-nm PDL can also 
effectively and safely reduce proliferative growth 
of superficial IH located in difficult skin areas, 
such as the eyelid [52]. Furthermore, quick 
responses can be observed in involuting superficial 
lesions, with a faster resolution than that observed 
during the spontaneous course of the disease, 
without scarring, atrophy, or hypopigmentation 
[53]. PDLs are also used to treat ulcerations and 
residual skin defects [54]; however, mixed or deep 
IH hardly respond to this treatment alone, showing 
only lightening of the most superficial area. 
Alternatively, longer wavelengths, such as 
Nd:YAG laser, have to be tried to increase the 
depth of light irradiation [55]. Recently, dual long-
pulsed 595 dye/Nd:YAG lasers have been applied 
to IF with excellent results and no recurrence after 
a 6-month follow- up, in 18 out of 25 cases [56].

Finally, ablative and non-ablative fractional 
lasers have been recently proposed as potential 
interesting options for atrophic and scarring 
residual IH [57, 58].

31.5.3  Telangiectasias

Facial telangiectasia can be treated by means of 
several lasers and light sources (KTP, PDL, 
Nd:YAG, and IPL) with associated advantages 
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and limitations. However, classic PDL seems to 
have a superior clearance rate compared with 
other sources, but disfiguring bruising represents 
an important side effect in short-pulse 
PDL. Indeed, a longer pulse (10 ms) and multiple 
passes are recommended to have an effective 
purpura-free treatment [59].

An alternative treatment of facial telangiecta-
sias, shown to be effective, is IPL [60]. However, 
long-pulse PDL treatments seem to be superior 
than IPL treatments and it has been reported that 
the majority of patients preferred the long PDL 
treatments because of superior efficacy and less 
treatment-related pain [61, 62].

However, the Nd:YAG laser is indicated for 
treatment of deeper, bluish veins and of a broad 
range of vessel diameters in pigmented skin 
types. To avoid overheating of the epidermis and 
textural changes, an efficient cooling system is 
required [63].

31.5.4  Rosacea-Associated 
Telangiectasia

Rosacea is a dermatosis of the face with a chronic 
clinical course and it is characterized by flushing, 
non-transient erythema telangiectasia, papules, 
pustules, and inflammatory nodules. Long-pulsed 
duration, 595-nm PDL is proven to be effective 
for the treatment of both erythema and telangi-
ectasia with minimal side effects, avoiding 

long- term complications (Fig.  31.2) [64–66]. 
However, treating diffuse erythrosis is challeng-
ing, thus requiring a high number of sessions.

Also, IPL seems to be safe and effective. It has 
been demonstrated that IPL can be successfully 
used for a long-term clearance of telangiectasia 
associated with rosacea [67]. However, no sig-
nificant difference was noted between PDL and 
IPL treatments [68].

Finally, we suggest the following practical key 
points for a correct laser treatment [69]:

 1. First of all, a consultation is required to dis-
cuss the expectations of the patient. In case 
of rosacea, clarify whether the priority of the 
patient is the treatment of telangiectatic ves-
sels, of erythema, or both. Make clear that 
flushing does not respond to laser 
treatment.

 2. Inform patients that several laser sessions 
might be required.

 3. Avoid, whenever possible, topical anesthesia 
for its vasoconstrictor action.

 4. Laser parameters should be adapted on the 
size of the vessels to be treated.

 5. Hold the handpiece perpendicular to the skin 
surface.

 6. Both erythema and telangiectasia associated 
with rosacea can be treated with PDL or 
IPL. Regarding PDL treatment, preferably use 
larger spots (7–10 mm in diameter), uniformly 
distributed on the skin surface.

Fig. 31.2 Telangiectasias of the cheek, before and after 595-nm dye laser treatment
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 7. Ala nasi and alar creases should be treated 
with caution because of the risk of atrophic 
scars. The lowest fluence suggested should be 
employed. However, fluence may be increased 
in case of persistence of the vessel.

 8. For large and blue telangiectasias, as well as 
for dark-skinned patients, Nd:YAG laser 
should be preferred.

 9. Treatments should be scheduled at 4–6 week 
intervals.

However, while rosacea has been described as 
a factor contributing to recurrence of telangiecta-
sia after PDL treatment, other factors seem to 
contribute to the recurrence of telangiectasia of 
the face, such as sun exposure, esthetic medicine, 
and surgery procedures [70].

31.5.5  Poikiloderma of Civatte

Poikiloderma of Civatte is a benign condition 
involving above all the sun-exposed areas of the 
neck. The main factors characterizing this skin 
conditions are: atrophy, hyper- and hypopig-
mentation, and telangiectasias. It is a difficult 
condition to treat, and caution must be taken in 
case of laser treatment of the neck, due to an 
increased risk of textural changes and scarring, 
partially related to the paucity of pilosebaceous 
glands. Several devices (argon lasers, KTP 
lasers, PDLs, and IPLs) have been employed. 
However, a complete clearing is difficult to 
achieve and several side effects such as scarring 
with post-treatment purpura, irregular hypopig-
mentation, post- inflammatory hyperpigmenta-
tion, mottled appearance, crusting, and 
erythema have been reported [55]. In order to 
reduce these side effects, newer generation 
595-nm PDLs with low fluencies, longer pulses, 
non-overlapping pulses, and dynamic cooling 
can be used [71]. In detail, it is recommended 
to use fluences not exceeding an upper limit of 
5 J/cm, with a 10-mm spot size. Recently, the 
application of a new PDL enabling the use of 
a  15  mm spot to poikiloderma has been 
reported [72].

However, multiple sessions are necessary to 
achieve optimal clearing and further studies are 
required to identify correct parameters. 
Furthermore, ablative and non-ablative frac-
tional lasers and photodynamic therapy have 
been reported [73, 74] to remove the telangiec-
tatic component and in lightening the 
dyspigmentation.

31.5.6  Spider Nevus

A Spider nevus has a central feed arteriolar vessel 
with radiant fine red telangiectasia at the periph-
ery. It is successfully treated with PDL, but sev-
eral treatment sessions are needed because of its 
high flow.

31.5.7  Venous Lake

PDL, IPL, and Nd:YAG laser have been all 
reported as very effective to treat this dilated 
“lake-like” venule. Among them, in our experi-
ence, the long-pulsed Nd:YAG laser is superior to 
achieve fast and safe results [75].

31.5.8  Leg Veins and Telangiectasias

Legs are characterized by a venous system 
composed of a series of valved vessels in order 
to overcome the effects of gravity. Therefore, 
also with the help of surrounding muscles, 
blood is pumped out of the legs and returns to 
the heart. During development, this vascular 
system undergoes differentiation through mul-
tiple stages. Persistence of embryonic veins 
after birth is associated with venous malforma-
tion of legs such as the Klippel–Trenaunay 
syndrome or chronic venous insufficiency. 
Other disorders include congenital venous 
aneurysm, valvular agenesis, and primary 
 valvular insufficiency [76]. All these condi-
tions share venous hypertension, leading to 
the manifestation of varicose veins and telangi- 
ectasias.
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In the upright position, both gravity and hydro-
static pressure hinder venous return. The relation 
between these forces and blood volume is impor-
tant to understand normal and abnormal functions 
of venous system [77]. Normally, the venous 
valves and the calf muscle pump act to limit the 
accumulation of blood in the lower extremity and 
to contain the increase in hydrostatic pressure. A 
failure in reducing venous pressure during exer-
cise leads to chronic venous insufficiency. The 
high pressure in superficial veins (great saphe-
nous vein: GSV; small saphenous vein: SSV; trib-
utaries branch up to reticular veins) is directly 
transmitted into dermal capillary bed, thus lead-
ing to telangiectasias appearance and extravasa-
tion of intravascular content into interstitial space.

A correct classification of patients represents 
the basis for the management. The diagnostic 
evaluation is organized into three levels of exami-
nations, in accordance with the severity of the 
disease.

• Level 1: the consulting with history and clini-
cal examination (including a handheld 
Doppler scanner or transillumination).

• Level 2: noninvasive vascular laboratory test-
ing: duplex color scanning added for C0–C4.

• Level 3: invasive investigation or more com-
plex imagining studies (venography, venous 
pressure measurement, computed tomography, 
magnetic resonance imaging) for C4–C6 [78].

After diagnostic evaluation, treatment should 
aim to the reduction of venous hypertension by 
surgical, chemical, or physical ablation of the 

incompetent superficial venous system (GSV, 
SSV, branch tributaries, and perforators) 
[79–81].

The endovenous laser treatment of the saphe-
nous vein gives satisfactory esthetic and func-
tional results with a low rate of complications 
[82], but this type of management goes beyond 
the aim of this chapter.

Sclerotherapy is the gold standard treatment 
for leg telangiectasias. On the other hand, laser 
treatment should be considered in patients with 
needle phobia or showing adverse effects from 
sclerotherapy [5]. Laser sources are able to treat 
spider veins (0.2–2  mm red or blue), reticular 
veins (up to 5 mm), and telangiectasias (0.2–1 mm 
red or blue).

However, leg telangiectasias can be treated 
with lasers. However, in addition to the increased 
hydrostatic pressure and associated venous disor-
ders, blood vessels are deeper than the facial ones 
and they have thick adventitial tissue and basal 
lamina. For these reasons, to thermocoagulate leg 
vessels with lasers, high energy pulses through 
large spots are required.

The laser of choice for leg vein treatment is 
Nd:YAG laser (wavelength of 1064  nm) [55]. 
This wavelength has a deep penetration 
(5–6 mm), therefore it is able to coagulate mod-
erately deep vessels such as those of the legs. 
Useful practical key points are reported here as 
follows:

• Hydrostatic pressure imbalance and associ-
ated venous disorders must be treated before.

• Spot sizes of 3- or 6 mm are suitable for super-
ficial lesions (telangiectasias, spider veins), 
whereas the 6- or 8-mm spot sizes are used for 
reticular veins.

• Pulse duration of 20–50  ms is required for 
these lesions.

• Fluences can vary according to spot size and 
pulse duration.

• Pre- and post-cooling are absolutely necessary 
because of the very high fluences employed 
[80].

• Overlapping of the treated area is not neces-
sary when a large spot size is used, while a 

Table 31.1 Clinical classification of venous disease: the 
CEAP classification

C0 No visible or palpable sign of venous disease
C1 Reticular veins or telangiectasias
C2 Varicose veins
C3 Edema
C4a Pigmentation or eczema
C4b Lipodermatosclerosis or atrophie blanche
C5 Healed venous ulcer
C6 Active venous ulcer
S = symptomatic; A = asymptomatic
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mild overlapping or a stacking double shot is 
preferred with a 3-mm spot size.

• In case of treatment of large reticular veins, it 
is useful to apply a mild pressure to the hand-
piece to minimize the vein diameter, to favor 
penetration and to decrease the fluency.

• The clinical end points are the darkening of 
vessel for blue veins while disappearance is 
expected for red vessels.

Long-pulsed Nd:YAG treatment is painful, 
therefore cooling and sometimes topical anesthe-
sia are required. A common side effect, even in 
lighter phototypes, is the hyperpigmentation that 
usually resolves with time, whereas hypopig-
mentation and scars are uncommon.

References

 1. Solomon H, Goldman L, Henderson B, Richfield D, 
Franzen M.  Histopathology of the laser treatment 
of port-wine lesions. Biopsy studies of treated areas 
observed up to three years after laser impacts. J Invest 
Dermatol. 1968;50:141–6.

 2. Anderson RR, Parrish JA.  Selective photothermoly-
sis: precise microsurgery by selective absorption of 
pulsed radiation. Science. 1983;220:524–7.

 3. Tanzi EL, Lupton JR, Alster TS. Lasers in dermatol-
ogy: four decades of progress. J Am Acad Dermatol. 
2003;49:1–31.

 4. Groot D, Rao J, Johnston P, Nakatsui T.  Algorithm 
for using a long-pulsed Nd:YAG laser in the treatment 
of deep cutaneous vascular lesions. Dermatol Surg. 
2003;29:35–42.

 5. Adamic M, Troilius A, Adatto M, Drosner M, 
Dahmane R.  Vascular lasers and IPLS: guide-
lines for care from the European Society for Laser 
Dermatology. J Cosmet Laser Ther. 2007;9:113–24.

 6. Rothfleisch JE, Kosmann MK, Levine VJ, Ashinoff 
R. Laser treatment of congenital and acquired vascu-
lar lesions: update on lasers: a review. Dermatol Clin. 
2002;20:1–18.

 7. Jasim ZF, Woo WK, Handley JM. Long-pulsed (6-ms) 
pulsed dye laser treatment of rosacea-associated tel-
angiectasia using subpurpuric clinical threshold. 
Dermatol Surg. 2004;30:37–40.

 8. Landthaler M, Hohenleutner U, Abd El Raheem 
TA. Therapy of vascular lesions in the head and neck 
area by means of argon, Nd:YAG, and flashlamp- 
pumped pulsed dye lasers. Adv Otorhinolaryngol. 
1995;49:81–6.

 9. Anderson RR, Parrish JA. The optics of human skin. J 
Invest Dermatol. 1981;77:13–9.

 10. Landthaler M, Haina D, Brunner R, Waidelich 
W, Braun-Falco O.  Neodymium-YAG laser ther-
apy for vascular lesions. J Am Acad Dermatol. 
1986;14:107–17.

 11. Anderson RR. Optics of the skin. In: Lim HW, Soter 
NA, editors. Clinical photomedicine. New York, NY: 
Marcel Dekker; 1993. p. 19–35.

 12. Haedersdal M.  Cutaneous side effects from laser 
treatment of the skin: skin cancer, scars, wounds, 
pigmentary changes, and purpura—use of pulsed dye 
laser, copper vapor laser, and argon laser. Acta Derm 
Venereol. 1999;207:1–32.

 13. Fourtanier A, Moyal D, Seite S. Sunscreens contain-
ing the broad-spectrum UVA absorber, Mexoryl SX, 
prevent the cutaneous detrimental effects of UV expo-
sure: a review of clinical study results. Photodermatol 
Photoimmunol Photomed. 2008;24:164–74.

 14. Adamič M, Pavlović MD, Troilius Rubin A, Palmetun- 
Ekbäck M, Boixeda P.  Guidelines of care for vas-
cular lasers and intense pulse light sources from the 
European Society for Laser Dermatology. J Eur Acad 
Dermatol Venereol. 2015;29:1661–78.

 15. Jacobs AH, Walton RG. The incidence of birthmarks 
in the neonate. Pediatrics. 1976;58:218–22.

 16. Barsky SH, Rosen S, Geer DE, Noe JM. The nature 
and evolution of port wine stains: a computer-assisted 
study. J Invest Dermatol. 1980;74:154–7.

 17. Geronimus R, Ashinoff R.  The medical necessity 
of evaluation and treatment of port wine stains. J 
Dermatol Surg Oncol. 1991;17:76–9.

 18. Alster TS, Lewis AB. Dermatologic laser surgery. A 
review. Dermatol Surg. 1996;22:797–805.

 19. Bucci J, Goldberg D.  Past, present and future: vas-
cular laser/light devices. J Cosmet Laser Ther. 
2006;8:149–53.

 20. Motley RJ, Lanigan SW, Katugampola 
GA. Videomicroscopy predicts outcome in treatment 
of port-wine stains. Arch Dermatol. 1997;133:921–2.

 21. Bencini PL, Cazzaniga S, Galimberti MG, Zane C, 
Naldi L. Variables affecting clinical response to treat-
ment of facial port-wine stains by flash lamp-pumped 
pulsed dye laser: the importance of looking beyond 
the skin. Lasers Med Sci. 2014;29:1365–70.

 22. Lanigan SW.  Port-wine stains on the lower limb: 
response to pulsed dye laser therapy. Clin Exp 
Dermatol. 1996;21:88–92.

 23. Renfro L, Geronemus RG.  Anatomical differences 
of port-wine stains in response to treatment with the 
pulsed dye laser. Arch Dermatol. 1993;129:182–8.

 24. Eubanks LE, McBurney EI.  Videomicroscopy of 
port-wine stains: correlation of location and depth of 
lesion. J Am Acad Dermatol. 2001;44:948–51.

 25. Yohn JJ, Huff JC, Aeling JL, Walsh P, Morelli 
JG. Lesion size is a factor for determining the rate of 
port-wine stain clearing following pulsed dye laser 
treatment in adults. Cutis. 1997;59:267–70.

 26. Jasim ZF, Handley JM.  Treatment of pulsed dye 
laser-resistant port-wine stain birthmarks. J Am Acad 
Dermatol. 2007;57:677–82.

P. L. Bencini and S. Guida



337

 27. Kono T, Sakurai H, Takeuchi M, et al. Treatment of 
resistant port-wine stains with a variable-pulsed dye 
laser. Dermatol Surg. 2007;33:951–6.

 28. Bernstein EF.  High-energy 595nm pulsed dye laser 
improves refractory port wine-stains. Dermatol Surg. 
2006;32:26–33.

 29. Hsia J, Lowery JA, Zelicson B. Treatment of leg tele-
angectasia using a long-pulse dye laser at 595  nm. 
Lasers Surg Med. 1997;20:1–5.

 30. West TB, Alster TS.  Comparison of the long-pulse 
dye (490–595 nm) and KTP (532 nm) lasers in the 
treatment of facial and leg teleangectasias. Dermatol 
Surg. 1998;24:221–6.

 31. Reichert D. Evaluation of the long-pulse dye laser for 
the treatment of leg teleangectasia. Dermatol Surg. 
1998;24:737–40.

 32. Waldorf HA, Alster TS, McMillan K, Kauvar AN, 
Geronemus RG, Nelson JS.  Effect of dynamic 
cooling on 585  nm pulsed dye laser treatment 
of port-wine stain birthmarks. Dermatol Surg. 
1997;23:657–62.

 33. Kauvar A.  Long pulse and high energy pulsed dye 
laser treatment of port wine stains and hemangioma. 
Presented at the 24th Annual Meeting of the American 
Society of Dermatological Surgery, Boston, May 
1997.

 34. Sivarajan V, Maclaren WM, Mackay IR. The effect of 
varying pulse duration, wavelength, spot size and flu-
ence on the response of previously treated capillary 
vascular malformations to pulsed-dye laser treatment. 
Ann Plast Surg. 2006;57:25–32.

 35. Bencini PL. The multilayer technique: a new and fast 
approach for flash-pumped pulsed (FLPP) dye laser 
treatment of port wine stains (preliminary reports). 
Dermatol Surg. 1999;25:786–9.

 36. Lorenz S, Brunnberg S, Landthaler M, Hoenleutner 
U. Regarding the multilayer technique for treatment 
of PWS. Dermatol Surg. 2001;27:90.

 37. Rajaratnam R, Laughlin SA, Dudley D.  Pulsed dye 
laser double-pass treatment of patients with resis-
tant capillary malformations. Lasers Med Sci. 
2011;26:487–92.

 38. Ho WS, Ying SY, Chan PC, Chann HH. Treatment of 
port wine stain with intense pulsed light: a prospective 
study. Dermatol Surg. 2004;30:887–90.

 39. Klein A, Bäumler W, Landthaler M, Babilas P. Laser 
and IPL treatment of port-wine stains: therapy 
options, limitations, and practical aspects. Lasers Med 
Sci. 2011;26:845–59.

 40. Izikson L, Nelson JS, Anderson RR.  Treatment of 
hypertrophic and resistant port wine stains with a 
755 nm laser: a case series of 20 patients. Lasers Surg 
Med. 2009;41:427–32.

 41. Yang MU, Yaroslavsky AN, Farinelli WA, et al. Long- 
pulsed neodymium: yttrium-aluminium-garnet laser 
treatment for port-wine stains. J Am Acad Dermatol. 
2005;52:480–90.

 42. Alster TS, Tanzi EL.  Combined 595-nm and 1064-
nm laser irradiation of recalcitrant and hypertrophic 

port- wine stains in children and adults. Dermatol 
Surg. 2009;35:914–8.

 43. Bencini PL, Tourlaki A, Tretti Clementoni M, Naldi 
L, Galimberti M.  Double phase treatment with 
flashlamp-pumped pulsed-dye laser and long pulsed 
Nd:YAG laser for resistant port wine stains in adults. 
Preliminary reports. G Ital Dermatol Venereol. 
2016;151:281–6.

 44. Whang KK, Byun JY, Kim SH.  A dual-wavelength 
approach with 585-nm pulsed-dye laser and 800-nm 
diode laser for treatment-resistant port-wine stains. 
Clin Exp Dermatol. 2009;34:436–7.

 45. Zhao Y, Zhou Z, Zhou G, et  al. Efficacy and safety 
of hemoporfin in photodynamic therapy for port- 
wine stain: a multicenter and open-labeled phase 
IIa study. Photodermatol Photoimmunol Photomed. 
2011;27:17–23.

 46. Baker ER, Manders E, Whitney CW.  Growth of 
cavernous hemangioma with puberty. Clin Pediatr 
(Phila). 1985;24:596–8.

 47. Frieden IJ, Eichenfield LF, Esterly NB, Geronemus 
R, Mallory SB.  Guidelines of care for hemangio-
mas of infancy. American Academy of Dermatology 
Guidelines/Outcomes Committee. J Am Acad 
Dermatol. 1997;37:631–7.

 48. Eivazi B, Werner JA. Management of vascular mal-
formations and hemangiomas of the head and neck—
an update. Curr Opin Otolaryngol Head Neck Surg. 
2013;21:157–63.

 49. Puettgen KB.  Diagnosis and management of 
infantile hemangiomas. Pediatr Clin North Am. 
2014;61:383–402.

 50. Herschthal J, Wulkan A, George M, Waibel J. Additive 
effect of propranolol and pulsed dye laser for infantile 
hemangioma. Dermatol Online J. 2013;19:18570.

 51. Goldman MP.  Laser treatment of cutaneous vascular 
lesions. In: Goldman MP, editor. Cutaneous and cos-
metic laser surgery. London: Mosby Elsevier; 2006. 
p. 31–91.

 52. Hunzeker CM, Geronemus RG. Treatment of superfi-
cial infantile hemangiomas of the eyelid using the 595- 
nm pulsed dye laser. Dermatol Surg. 2010;36:590–7.

 53. Rizzo C, Brightman L, Chapas AM, et al. Outcomes 
of childhood hemangiomas treated with the pulsed- 
dye laser with dynamic cooling: a retrospective chart 
analysis. Dermatol Surg. 2009;35(12):1947–54.

 54. Bruckner AL, Frieden IJ. Hemangiomas of infancy. J 
Am Acad Dermatol. 2003;48:477–93.

 55. Srinivas CR, Kumaresan M.  Lasers for vascular 
lesions: standard guidelines of care. Indian J Dermatol 
Venereol Leprol. 2011;77:349–68.

 56. Saafan AM, Salah MM.  Using pulsed dual-wave-
length 595 and 1064  nm is more effective in the 
management of hemangiomas. J Drugs Dermatol. 
2010;9:310–4.

 57. Alcántara González J, Boixeda P, Truchuelo Díez 
M, López Gutiérrez J, Olasolo P. Ablative fractional 
yttrium-scandium-gallium-garnet laser for scarring 
residual haemangiomas and scars secondary to their 

31 Vascular Lasers: Tips and Protocols



338

surgical treatment. J Eur Acad Dermatol Venereol. 
2012;26:477–82.

 58. Laubach HJ, Anderson RR, Luger T, Manstein 
D. Fractional photothermolysis for involuted infantile 
hemangioma. Arch Dermatol. 2009;145:748–50.

 59. Alam M, Dover JS, Arndt KA. Treatment of facial tel-
angiectasia with variable-pulse high-fluence pulsed- 
dye laser: comparison of efficacy with fluences 
immediately above and below the purpura threshold. 
Dermatol Surg. 2003;29:681–4.

 60. Clementoni MT, Gilardino P, Muti GF, et  al. Facial 
teleangectasias: our experience in treatment with 
IPL. Lasers Surg Med. 2005;37:9–13.

 61. Nymann P, Hedelund L, Haedersdal M. Long-pulsed 
dye laser versus intense pulsed light for the treatment 
of facial telangiectasias: a randomized controlled 
trial. J Eur Acad Dermatol Venereol. 2010;24:143–6.

 62. Jørgensen GF, Hedelund L, Haedersdal M.  Long- 
pulsed dye laser versus intense pulsed light for 
photodamaged skin: a randomized split-face trial 
with blinded response evaluation. Lasers Surg Med. 
2008;40:293–9.

 63. Bevin AA, Parlette EC, Domankevitz Y, Ross 
EV. Variable-pulse Nd: YAG laser in the treatment of 
facial telangiectasias. Dermatol Surg. 2006;32:7–12.

 64. Bernstein EF, Kligman A.  Rosacea treatment using 
the new-generation, high-energy, 595 nm, long 
pulse-duration pulsed-dye laser. Lasers Surg Med. 
2008;40:233–9.

 65. Clark SM, Lanigan SW, Marks R. Laser treatment of 
erythema and telangiectasia associated with rosacea. 
Lasers Med Sci. 2002;17:26–33.

 66. Menezes N, Moreira A, Mota G, Baptista A. Quality 
of life and rosacea: pulsed dye laser impact. J Cosmet 
Laser Ther. 2009;11:139–41.

 67. Schroeter CA, Haaf-von Below S, Neuman 
HA.  Effective treatment of rosacea using intense 
pulsed light systems. Dermatol Surg. 2005;31:1285–9.

 68. Neuhaus IM, Zane LT, Tope WD. Comparative effi-
cacy of nonpurpuragenic pulsed dye laser and intense 
pulsed light for erythematotelangiectatic rosacea. 
Dermatol Surg. 2009;35:920–8.

 69. Bencini PL, Tourlaki A, De Giorgi V, Galimberti 
M.  Laser use for cutaneous vascular alterations of 
cosmetic interest. Dermatol Ther. 2012;25:340–51.

 70. Guida S, Galimberti MG, Bencini M, Pellacani G, 
Bencini PL. Telangiectasia of the face: risk factors for 
reappearance in patients treated with dye laser. J Eur 
Acad Dermatol Venereol. 2017;31:1355–9.

 71. Meijs MM, Blok FA, de Rie MA. Treatment of poiki-
loderma of Civatte with the pulsed dye laser: a series 

of patients with severe depigmentation. J Eur Acad 
Dermatol Venereol. 2006;20:1248–51.

 72. Bernstein EF, Schomacker K, Paranjape A, Jones 
CJ.  Treatment of poikiloderma of Civatte using a 
redesigned pulsed dye laser with a 15 mm diameter 
treatment spot. Lasers Surg. 2019;51:54–8.

 73. Tierney EP, Hanke CW.  Treatment of poikiloderma 
of Civatte with ablative fractional laser resurfacing: 
prospective study and review of the literature. J Drugs 
Dermatol. 2009;8:527–34.

 74. Navarro-Triviño FJ, Torres-Puchol VG, Ruiz- 
Villaverde R.  PDT and BF-200 ALA: the therapy 
option for the treatment of Poikiloderma of Civatte. 
Dermatol Ther. 2018;31:e12648.

 75. Mlacker S, Shah VV, Aldahan AS, McNamara CA, 
Kamath P, Nouri K. Laser and light-based treatments 
of venous lakes: a literature review. Lasers Med Sci. 
2016;31:1511–9.

 76. Gloviczki P, Duncan A, Kalra M, Oderich G, Ricotta 
J, Bower T, McKusick M, Bjarnason H, Driscoll 
D. Vascular malformations: an update. Perspect Vasc 
Surg Endovasc Ther. 2009;21:133–48.

 77. Araki CT, Back TL, Padberg FT, Thompson PN, Jamil 
Z, Lee BC, Duran WN, Hobson RW 2nd. The signifi-
cance of calf muscle pump function in venous ulcer-
ation. J Vasc Surg. 1994;20:872–7.

 78. Eklof B, Rutherford RB, Bergan JJ, Carpentier PH, 
Gloviczki P, Kistner RL, Meissner MH, Moneta 
GL, Myers K, Padberg FT, Perrin M, Ruckley CV, 
Smith PC, Wakefield TW, American Venous Forum 
International Ad Hoc Committee for Revision of the 
CEAP Classification. Revision of CEAP classification 
of chronic venous disorders: consensus statement. J 
Vasc Surg. 2004;40:1248–52.

 79. Gloviczki P. The care of patients with varicose veins 
and associated chronic venous disease: clinical prac-
tice guidelines of the Society for Vascular Surgery 
and the American Venous Forum. J Vasc Surg. 
2011;53:2s–48s.

 80. Bjordal RI.  Circulation patterns in incompetent 
perforating vein on the calf and in saphenous sys-
tem in primary varicose veins. Acta Chir Scand. 
1972;138:251–61.

 81. Akesson H, Brudin L, Cwifield W, Ohlin P, Plate 
G.  Does the correction of superficial insufficiency 
and perforating veins improve venous function in 
patients with deep venous insufficiency? Phlebology. 
1990;5:113–23.

 82. Gonzales-Zeh R, Armisen R, Barahona S. Endovenous 
laser and echo-guided foam ablation in great saphe-
nous vein reflux: one-year follow-up. J Vasc Surg. 
2008;48:940–6.

P. L. Bencini and S. Guida



339© Springer Nature Switzerland AG 2020 
M. Fimiani et al. (eds.), Technology in Practical Dermatology, 
https://doi.org/10.1007/978-3-030-45351-0_32

Broadband Intense Pulsed Lights 
for Vascular Malformations

Marco Dal Canton

32.1  Broadband Intense Pulsed 
Lights for Vascular 
Malformations

A cardinal principle of laser physics, also applica-
ble to broadband ligh technologies, is selective 
photothermolysis, affirming that, in the case of 
vascular lesions, hemoglobin can be selectively 
targeted by an approoriate light emitting technol-
ogy generating a confined thermal damage, with a 
negligible injury to the surrounding tissue [1].

The tissue interaction of a high energy broad-
band light system is similar to that of a laser: the 
light energy delivered to the tissue is transformed 
into heat after absorption by the wavelength- 
specific target chromophore (hemoglobin, mela-
nin, water), potentially as to its destruction if a 
critical temperature is reached [1].

Broadband intense pulsed lights (IPLs) differ 
from lasers, being based on a gas-filled flashlamp 
(usually xenon) pumped with a charge of high 
voltage electrical energy stored in a capacitor and 
emitting an intense, non-coherent and non- 
collimated polychromatic light, with a continu-
ous range of wavelengths from blue light to IR 

[2]: this range is narrowed by bandpass filters at 
the lower end of visible spectrum, usually as to 
400  nm, being harmful UV invariably blocked, 
while near IR spectrum is variably filtered as to 
1200–1400  nm, which is absorbed mostly by 
interstitial fluid.

The wide spectrum of light emission of an IPL 
system covers all significant absorption peaks of 
most skin chromophores [3], delivering signifi-
cant energy to more targets in one pulse.

To master the unlimited combinations of con-
tinuous variables offered by an IPL system can be 
extremely challenging in respect to mixing the 
digital settings offered by any laser system, but 
currently, any model of modern IPL in the market 
provides optimized and software guided settings 
and offers own better compromises between light 
absorption and penetration depth for each range 
of wavelengths, in order to treat different chro-
mophores tailored to diverse skin conditions 
absolutely more safely than earlier models.

The choice of cut-off filter is dependent on the 
privileged chromophore to be targeted in the 
skin. A 530–550 nm cut-off filter is usually work-
ing for vascular lesions, while a 650–700  nm 
bandpass filter is better suitable to perform hair 
removal.

The last generation high quality IPL systems 
implement square shaped pulses [4], different 
built-in cooling solutions, and sophisticated soft-
ware guiding the user to manage an otherwise 
unlimited combinations of analogic variables in 
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respect to the discrete digital parameters of a 
laser system: this is also beneficial to soften the 
learning curve of the novice, remarkably steeper 
than a laser (Table 32.1). To the expert users is 
commonly offered the possibility to personalize 
the combination of fluences, pulse widths of sin-
gle pulses and of micropulses trains, and of the 
time pauses between single micropulses.

In 1997, a second-generation IPL system was 
manufactured equipped with an extra bandpass 
filter, by means of the water of the cooling system 
flowing within the handpiece to block the IR light 
above 950 nm emitted from the flashlamp. This 
later generation dual-mode filtered IPL system 
delivers a narrower range of wavelengths, hence 
a more selective targeting, and reduces bulk heat-
ing due to water absorption, necessitating less 
output energy to concentrate in the target chro-
mophore and less contact cooling [5].

The effectiveness of IPLs and comparability 
to lasers in treating different types of vascular 
lesions has been proven by a number of compara-
tive trials [6].

A split face controlled study on 16 patients 
established a similar efficacy of a selective wave-
band intense pulsed light (500–670 and 870–
1200 nm) as compared to FPDL on telangiectasia 
of the face after 1–2  months, with similar side 
effects, quality, and intensity of results [7]. 
Another comparative study proved better results 
of the long pulsed FPDL on telangiectasia at 
3 months [8], while in another split face compar-
ative study IPL resulted more advantageous than 
long PDL in photorejuvenation, due to superior 
vessel clearance, textural improvement, and less 
pain [9].

Based on analysis of available randomized 
controlled studies (RCTs), pulsed dye laser 
results to be the first choice to treat effectively 
PWS, while up to now a more limited number of 

RCTs is sustaining the efficacy of IPLs [10] and 
other vascular light sources as KTP, Nd: YAG, 
and alexandrite lasers [11].

Nonetheless, offering a near IR range of wave-
lengths, IPLs can treat deeper vascular compo-
nents of a PWS that FPDL or KTP cannot reach 
[12]. Therefore IPLs have been proposed as an 
effective therapeutic option for purple PWS [13–
16] and FPDL resistant port wine stain [11, 17, 
18]. Although IPL has been shown to be effective 
in the clearance of pink and red PWS [15, 19], a 
head-to-head trial comparing the efficacy of IPL 
against PDL determined that the median clinical 
improvement was significantly better for PDL 
(65%) than IPL (30%) [20].

In addition, recently an intense pulsed light 
system which can deliver submillisecond pulses 
has been introduced on the market [21], allowing 
up to 500 μsec pulse widths. Operating with dou-
ble filtered applicators which select wavebands 
between 530 and 750 nm or 555 and 950 nm [3], 
one can cover almost the whole range of the 
hemoglobin absorption peaks, excluding the near 
IR domain, which is more prone to overheat the 
skin due to water absorption, while extremely 
short pulse widths closely match those of submil-
lisecond FPDL. According to selective photo-
thermolysis physics, these short pulse widths are 
favorable to treat selectively pink and residual 
PWS, microtelangiectatic vessels, and erythema-
tous rosacea, matching very tiny vessels with 
unprecedented selectivity for an IPL system, with 
the added advantage of covering a wide area per 
single pulse. Nevertheless the patient should be 
prepared that purpura is to be expected when 
delivering submillisecond pulses. More compar-
ative and controlled studies are expected in the 
future on the effects of submillisecond pulses in 
IPL systems.

32.2  Advices for Treatment 
of Vascular Malformations 
with IPL

The advantages of IPL systems are a broad range 
of approved indications, a broad treatment area 
per single pulse and versatility. Differently from 

Table 32.1 Absorption spectrum of ink colors in the 
tattoo

Intense polychromatic light (IPL) Laser
Polychromatic Monochromatic
Non-coherent Coherent
Non-collimated Collimated
Analogic output Digital output
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lasers, IPL handpieces invariably are equipped 
with a sapphire or quartz square prism offering 
usually a quadrilateral contact surface with the 
skin wider than the average larger laser spot: this 
offers an advantage when treating wide areas or 
lesions, as a large port wine stain, poikiloderma of 
Civatte of the neck and decoltè [22]. The optical 
coupling between the crystal and the skin surface 
is obtained by a thin layer of optical hydro-gel.

When treating a vascular lesion with an IPL 
system, differently from hair removal and treat-
ment of benign pigmented lesions, an undue 
mechanical pressure on the handpiece should be 
avoided, since it removes the target blood from 
the treatment area during the light pulse delivery 
and will reduce the light absorption and hence the 
clinical effect.

The diameters of visible skin dilated vessels can 
vary between 100 and 500–1000 μm, and mathe-
matical algorithms can predict that the pulse widths 
for the treatment of these telangiectasias will range 
between 0.5 ms and 30 ms or more, depending on 
the actual vessel diameter [2].

Pulse durations matching the relaxation time 
of the ectatic blood vessels can easily be gener-
ated by an IPL system [2, 23] which can offer to 
the experienced user also the personalization of 
the pulse duration and number of pulses: single 
pulses or trains of double micropulses with a 
short pause can be delivered according to the 
dimension of the privileged vascular target and 
the type of treatment to be administered.

New generation submillisecond IPL systems 
[19] approach the pulse widths of short pulsed 
dye laser for the treatment of tinier telangiectasia 
and pink redness.

32.3  Telangiectasias

This is a common acquired vascular malforma-
tion, mostly related to weathering and to rosacea, 
frequently seen in the face of skin types I–III, 
characteristically on the nose and zygomatic area. 
When less than 0.1 mm in diameter, telangiecta-
sias appear as a diffuse redness, while 0.1 to 1 mm 
are more clearly identifiable as red single or 
branched streaks. Often a diffuse redness and/or 

pigment uneven distribution and discrete pig-
mented lesions could coexist and overlap, so a spe-
cific diagnosis and a treatment plan with the more 
appropriate technology available should be made.

It is generally suggested to treat thick vessels 
first (0.5 mm or more), and if an IPL is chosen, in 
skin types 1–4, the better choice is a 555 to 950 nm 
bandwidth applicator or closer to the near IR 
range: shorter wavelengths (less than 550 nm) are 
better suitable to treat smaller and more superficial 
telangiectasia in untanned skin types 1–3. Skin 
types 5 and 6 are better candidates to be treated 
with a near IR light source, as Nd: YAG laser.

On thinner skin and over bony prominences it 
is better to use only default energies, and to 
increase fluences only in small steps (0.5–1.5 J/
cm2) only if a clinical endpoint is not observed. A 
more appropriate approach to resistant telangiec-
tasias is to modify the pulse width in small steps, 
in order to refine the pulse time matching with 
the vessel diameter, taking care to avoid bulk 
heating with excessive stacking.

Intervals between session should not be 
shorter than 4–6 weeks.

32.4 Poikiloderma of Civatte

This is an aquired common combination of fine 
telangiectasia, uneven reticulated reddish brown 
pigmentation and atrophic alteration of the skin, 
primarily affecting the lateral neck and decoltè, 
in male and female older fair-skinned individu-
als, mainly related to chronic sun exposure, with 
the possible contribution of other factors, as 
genetic predisposition, homonal changes of 
menopause, photosensitizing chemicals in cos-
metics and perfumes.

The clinical endpoint of an IPL treatment is a 
very transient and rapidly reversible change in 
color to white or bluish in less than a second: 
afterwards this may reverse to the original color 
and is gradually overlapped by a more diffuse 
erythema and edema.

In the author experience, in vascular laser or 
IPL treatment and photorejuvenation a magnified 
cross polarized visualization [24] is extremely 
helpful for an accurate identification of the 
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 vascular and pigmented targets and a proper 
detection of these evanescent clinical endpoints.

IPL is absolutely suitable to treat poichilo-
derma, which usually affects large areas, since 
the average applicator of an IPL can cover a wide 
surface in short time: otherwise, with a laser 
device, unless provided of a scanner, one is sup-
posed to cover evenly the whole area in a paint 
mode (Figs. 32.1, 32.3).

Shorter wavelengths in the visible range should 
be administered in skin types 1–3 only, while in 
skin types 4 and 5 are more safely treated with a 
waveband closer to the IR range. Treatment set-
ting of poichiloderma usually provides a train of 
short and relatively low energy (micro) pulses 
separated by a short pause, with a resulting total 
macropulse of few tens of milliseconds: if some 
telangiectasia coexist in the poikilodermatous 
area, these can be safely treated in another sched-
uled appointments, while someone prefer to treat 
them conservatively in the same session. The 
aforementioned clinical endpoints could be 
enhanced with a slight darkening of pigmented 
(also tiny) targets after 1–15 min: the pigment is 
expected to darken in the next 8–12  h, and the 
patient should be informed of a “dirty” look of the 
treated area for some days.

32.5  Port Wine Stains

This is a congenital vascular malformation that 
can display a predominant red color, when it con-
tains thinner and superficial vessels, or a more 

bluish hue when the malformed vessels are larger 
and more deeply located, becoming darker over 
time, usually in the adult to mature age, acquiring 
a rough texture or generating focal areas of 
hypertrophy. IPLs have resulted to be effective 
also in darker and even thicker PWS, and the bet-
ter wavelengths range and the more appropriate 
pulse time width must be tuned based on predom-
inant red or blue color.

Blue areas and skin types darker than 3 should 
be treated first with a longer IPL band, as 555–
950 nm or more, with sessions spaced of at least 
4–6  weeks and the treatment can be integrated 
with a Nd: YAG 1064 nm laser on resistant blue 
spots. When red color is then prevailing, the PWS 
can be treated with shorter wavelengths (as 530 
to 750 nm) in skin types 1–3.

A preliminary test with default energy is 
advisable, with slow increases of 0.5–1 J/cm2, as 
the clinical endpoint is reached: this is usually 
seen as a rapid shift to a bluish hue rapidly chang-
ing in edema and erythema.

At the end of the treatment schedule, when a 
pink to red port wine stain is remaining, the sub-
millisecond pulse widths of new generation IPLs 
with a shorter wavelengths band can be an option: 
transient purpura can be expected, as after a short 
pulsed FPDL treatment, and patients should be 
prepared to it (Fig. 32.2).

As PWS laser or IPL treatment is a painful 
procedure, it is recommended to proceed under 
sedation in children or to negotiate to postpone 
the treatment as to reach a more subjective 
motivation.

Fig. 32.1 Poikiloderma of Civatte after 6 months after one treatment with SWT IPL 530–750 nm

M. Dal Canton



343

32.6  Rosacea

Rosacea is often a consequence of an individual 
predisposition that requires periodic therapeutic 
tailored adjustments. Vascular laser and IPL 
treatment can be an important ingredient to 
reduce rosacea but cannot prevent future flares. 
Rosacea can display telangiectasias, diffuse red-
ness and commonly flushing is a major complaint 
(Fig. 32.3).

In an inflammatory phase, it is better to con-
trol the disease with a medical treatment, to pro-
ceed afterwards to clear up larger telangiectasias 
first and more tiny vessels and diffuse erythema 
afterwards. The latter is better treated with 
macro-pulses composed of short (millisecond) 

pulses separated by milliseconds pauses, taking 
care to minimize the fluence in an active stage. In 
skin types 1 and 2, shorter wavelength band-
widths (530–750 nm) can be used, while longer 
wavelength bands (550–950 nm) are better suit-
able to treat darker skin types. For the experi-
enced users, reducing slightly the pulse width of 
single pulses may be helpful to deal with unre-
sponsive areas. Recently, IPL protocols of treat-
ment of rosacea in inflammatory stage are 
described.

32.7  Spider Angioma

Even if this is a classic indication for a vascular 
laser treatment, this central red pinpoint or pap-
ule, corresponding to a feeding arteriole, sur-
rounded by a telangiectasias can be treated 
effectively also with IPL, these lesions are usu-
ally treated with a single pulse, and the clinical 
endpoint is a rapid change to blue-gray, followed 
by edema and erythema. In unresponsive lesions, 
the pulse width can be slightly reduced, letting 
the suggested fluence to reduce accordingly.

32.8  Conclusions

There are multiple evidences supporting the effi-
cacy of intense broadband pulsed lights (IPLs) in 
the treatment of many vascular skin abnormali-
ties, with the advantage of the new generations of 
high quality medical IPL platforms which deliver 
square pulses and implement advanced and 
expert software supporting an otherwise steep 
learning curve for the inexperienced user.

Furthermore, the availability of submillisec-
ond pulses in late IPL system provides the oppor-
tunity to approximate the performances of a short 
pulsed dye laser.

More comparative and randomized controlled 
studies are expected to refine the medical evi-
dence supporting the multiple indications of 
these otherwise trustworthy high energy light 
devices.

Fig. 32.2 Port wine stain after two treatments with SWT 
IPL 555–950 nm, 9 J/cm2 and 2 ms and 7 J/cm2, 1.5 ms. 
The patient did not accept treatment of the palpebral com-
ponent of the malformations, functioning as control
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Pigment-Specific Lasers for Benign 
Skin Lesions and Tattoos: Long 
Pulsed, Nanosecond, 
and Picosecond Lasers

Paolo Sbano

In the laser treatment of benign pigmented skin 
lesions and tattoos, a selective destruction of 
certain epidermal/dermal structures is the pur-
pose. According to the theory of selective pho-
tothermolysis proposed by Anderson and Parrish 
[1], two conditions are required to selectively 
destroy a target: (1) the laser energy must be at 
a wavelength which is highly absorbed by the 
target relative to the surrounding normal tissue 
and (2) the pulse duration used must be shorter 
than the time it takes for heat to escape through 
conduction.

The theory of selective photothermolysis 
refers to laser energy absorption by a target 
chromophore without significant thermal dam-
age to surrounding tissue. To achieve selective 
photothermolysis, the laser must produce a 
beam of light with a wavelength preferentially 
absorbed by the chromophore in the lesion (i.e., 
melanin for benign pigmentations and ink for 
tattoos). Equally important, the pulse duration 
of the laser beam must be shorter than the ther-
mal relaxation time of the chromophore to pre-
vent the spread of thermal energy beyond the 
targeted chromophore. The thermal relaxation 
time is defined as the time needed for the chro-
mophore to cool to half of its peak temperature 
after laser irradiation, which is proportional to 
the square of the size of the chromophore. In 

general, smaller objects cool faster than larger 
ones. If the pulse duration is greater than the 
thermal relaxation time, nonspecific thermal 
damage occurs because of heat diffusion. On the 
contrary, if the structure is heated in a very short 
exposure time, the temperature rises quickly 
since there is no time for the heat to diffuse. 
This condition is called thermal lock-in [2, 3]. 
Pulse duration ranges from very short (picosec-
onds) as in the case of picosecond (PS) lasers to 
short (nanoseconds) as in the case of Q-switched 
(QS) lasers to long (milliseconds) as in the case 
of long-pulse (LP) lasers. Finally, the energy 
delivered to the site (fluence) must be high 
enough to destroy the chromophore within the 
pulse duration [4].

Based on the theory of selective photother-
molysis, the wavelength, pulse duration, and flu-
ence of a laser can be tailored to result in selective 
damage to the lesions without nonspecific ther-
mal damage to the surrounding tissues.

33.1  Treatment of Benign 
Pigment Lesions

Melanin is the target chromophore for pigmented 
lesions. It absorbs strongly across the UV, visi-
ble, and near-infrared spectrum with decreasing 
absorption at longer wavelengths. Although mel-
anin absorbs light throughout the visible spec-
trum, a variety of wavelengths are used to target 
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it. Absorption for melanin decreases as the wave-
length increases, although a longer wavelength 
allows deeper tissue penetration. Thus, shorter 
wavelengths are useful in treating fair phototypes 
and more superficial pigmented lesions; on the 
contrary, a longer wavelength can be used in 
treating deeper skin lesions in a patient with a 
darker skin type, minimizing epidermal damage 
and risks while still targeting the appropriate 
chromophore. In fact, nonspecific energy absorp-
tion by relatively large quantities of melanin in 
the basal layer of the epidermis in darkly pig-
mented patients can increase nonspecific thermal 
injury and lead to a higher risk of untoward 
effects, including permanent dyspigmentation, 
textural changes, focal atrophy, and scarring. 
Moreover, competitive absorption by epidermal 
melanin substantially decreases the total amount 
of energy that can reach deeper dermal lesions, 
making it more difficult to achieve the degree of 
tissue destruction necessary to produce the 
desired clinical result [5].

33.1.1  QS Laser Treatment

QS systems emit maximum energy output in 
nanosecond (NS) pulses that are substantially 
shorter than the 100 ns thermal relaxation time of 
melanosomes. They have long represented the 
safest means to treat pigmented lesions due to 
their ability to limit injury to the targeted melano-
somes and thus avoid undesirable pigmentary 
changes. Have been demonstrated that sub- 
microsecond laser pulses cause individual pig-
mented cell death by violent cavitation, a 
microscopic steam bubble erupting around each 
melanosome after the laser pulse [6].

The clinical goal of treatment is skin bleach-
ing without tissue splatter. When targeting any 
pigmented lesion, treatment should always be 
initiated at threshold fluence. This is clinically 
achieved when either immediate lesion whiten-
ing or a sensation of warmth in the treatment area 
is evident, signifying laser energy absorption and 
heat or shockwave generation within the melano-
somes. Color changes of melanocytic lesion 
occur in a couple of minutes and range from 

light- to dark-brown depending on the baseline 
color of the lesion and patient phototype [7]. If 
the clinical threshold is exceeded, epidermal 
exfoliation and pinpoint bleeding ensues, result-
ing in blistering, possible temporary or perma-
nent hypopigmentation, and the higher probability 
of skin textural changes or scarring.

Most used devices in the treatment of pig-
mented lesions are several QS lasers (Nd:YAG 
532 and 1064 nm, ruby 694 nm, and alexandrite 
755 nm).

532 nm: Nd:YAG laser emits a 1064 nm light, 
but it can be doubled in frequency by using a 
crystal of potassium diphosphate to produce a 
green radiation with 532  nm wavelength. This 
wavelength is particularly useful in treating light 
epidermal/dermo-epidermal lesions in phototype 
I–III subjects (Fig. 33.1). If used in darker photo-
types gives halo-effect and transitory hypopig-
mentation in the treated area.

694 nm and 755 nm: These two wavelengths 
have similar biological effects and clinical indi-
cations: both are suitable for treating epidermal/
dermal dark pigmented lesions in phototypes II–
IV (Fig. 33.2). Cause of their lower coefficient of 
absorption for melanin and hemoglobin with 
respect to 532  nm wavelength is more used in 
darker and Asian skin type, with lower risk of 
PIH and halo-effect.

1064  nm: 1064  nm wavelength features a 
lower absorption coefficient for melanin, but it 
can penetrate into the skin more deeply, so that 
dermal lesions are reached easier and effectively. 
This is the preferred wavelength used in photo-
type IV–VI in dark pigmented lesions.

33.1.2  PS Laser Treatment

Since PS lasers are capable of destroying the 
melanosomes of epidermal/dermal melanocytes 
in a similar manner to NS-domain QS lasers, it is 
easy to assume that PS lasers are just as effective 
for the treatment of dermal melanocytosis as the 
NS lasers. No advantages have been demon-
strated in large case series for the treatment of 
benign pigmented skin lesions with PS lasers 
with respect to NS ones.
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Fig. 33.1 Solar lentigo 
laser removal: before 
and after treatment with 
532 nm QS laser

Fig. 33.2 Solar lentigo laser removal: before and after treatment with 694 nm QS laser
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33.1.3  LP Laser Treatment

The LP ruby (694  nm), alexandrite (755  nm), 
diode (808–810  nm), and Nd:YAG (532 and 
1064 nm) lasers have been used for the treatment 
of pigmented lesions. Millisecond laser pulses, 
much longer than the thermal relaxation time of 
the melanosomes, are less efficient with respect 
to QS lasers for treating most of pigmented skin 
disorders. However, some LP lasers find specific 
indication and are used to better hit some dermal 
pigmentary lesions such as congenital nevus and 
Becker nevus, particularly those with growth of 
terminal hair. In congenital nevi and hair folli-
cles, some of the target consists of non-pigmented 
cells which are located only nearby the pig-
mented cells. In order to damage these non- 
pigmented target cells, heat must diffuse from the 
pigmented portion (i.e., the site at which light is 
converted to heat), which takes time. In congeni-
tal nevi, there are cell “nests” about 0.1  mm 
diameter or more. In hair follicles, stem cells are 
located at the outer root sheath basement mem-
brane, also about 0.1  mm from the pigmented 
hair shaft [8, 9]. QS laser pulses do not cause per-
manent hair removal and do not cause permanent 
removal of congenital nevi. In contrast, 
millisecond- domain pulses cause both permanent 
hair loss and in some cases, removal of congeni-
tal nevi. Conducted heat during the laser pulse 
probably accounts for this impressive difference.

33.1.4  Side Effects

Even when optimal parameters are applied, one 
of the most common adverse effects associated 
with QS laser treatment in dark-skin individuals 
is post-inflammatory hyperpigmentation (PIH). 
Although the exact mechanism for PIH is 
unknown, direct melanin stimulation following 
laser impact is thought to be involved. More 
recently, it has been speculated that QS laser 
irradiation stimulates fibroblasts by upregulat-
ing melanogenic stimulating factors such as 
fibroblast growth factors, hepatocyte growth 
factors, and stem cell factors, thereby increasing 
pigmentation [5].

Transitory hypopigmentation is a common 
reported side effect in IV–VI or tanned III photo-
types if not correct wavelength is used.

Pinpoint bleeding, bulla, and crusting devel-
opment indicate application of inappropriate flu-
ences and/or excessive spot overlapping. This 
depends by poor operator technique or not homo-
geneous distribution of the intensity across the 
beam diameter. Clinically, this results in the 
necessity of treating tissue with some overlap of 
the laser beam to deliver energy to tissue in a 
more uniform manner.

In a small percentage of treated patients, 
recurrence of pigment may be seen despite ini-
tially successful QS laser therapy. This can be 
explained by incomplete lesion clearance that 
becomes evident after resolution of post- 
treatment skin blanching and/or further prolifera-
tion of residual pigment.

33.2  Treatment of Tattoos

Laser technology has revolutionized the removal 
of unwanted tattoo pigment without scarring. 
Ink particles in a mature tattoo are stored within 
fibroblasts and macrophages in the skin. These 
exogenous pigment particles are very small and 
have very short thermal relaxation times, so 
very rapid heating is necessary to cause their 
destruction. QS lasers are designed to produce a 
pulse duration in the NS range with peak ener-
gies upwards of 10  J/cm2 and have been the 
mainstay of tattoo removal for the past two 
decades. The QS ruby laser (694  nm) was the 
first such laser to be commercially available, 
followed shortly thereafter by the QS Nd:YAG 
(1064  nm and 532  nm) and QS alexandrite 
(755 nm) laser systems [10]. In tattoo removal 
using the NS-domain QS lasers, it is argued that 
the pulse duration of the laser is shorter than the 
thermal relaxation time of the tattoo pigments 
and thus thermal lock-in is achieved [3]. 
However at the same time, another important 
phenomenon called stress lock-in must be taken 
into consideration. Stress relaxation can be 
explained simply as follows. When a certain 
particle is heated, thermal expansion of the par-
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ticle occurs. The expansion diffuses to the sur-
rounding tissue as vibration which is called 
stress diffusion. When a particle is heated within 
an extremely short period of time, the stress 
generated within the particle has not enough 
time to diffuse and stress lock-in is achieved, 
and if the generated stress is high enough, frac-
ture of the particle occurs [3]. This is analogous 
to the thermal lock-in and extreme temperature 
rise in the thermal relaxation theory. The tempo-
ral threshold of the particle for stress lock-in to 
occur, the stress relaxation time (SRT), for tat-
too pigments is thought to be slightly shorter 
than 10  ns. Therefore in tattoo removal using 
NS-domain QS lasers, stress lock-in is not 
achieved in all the particles since the pulse 
width of the lasers is longer than the stress 
relaxation time of the most of tattoo particles. 
However when a PS laser is used which can 
defeat the SRT, stress lock-in is achieved. In 
addition, to exert photoacoustic effects within 
the targeted tattoos that lead to mechanical dis-
solution of the ink particles, endothermic steam 
carbon reactions occur that alter the optical 
properties of the tattoo inks, producing shell-
like structures and reducing their visibility [3].

The different reactions comparing a PS laser 
to an NS laser can be summed up as follows. 
When an NS-domain QS laser is used, the major 
reaction which takes place is photothermolysis 
through a photothermal reaction, with a very 
small photomechanical effect. However when a 
PS laser is used, stress lock-in occurs and the 
major reaction involves the photoacoustic 
destruction of the particle, with a minor photo-
thermal component. Therefore more efficient and 
effective destruction of the particle becomes 
possible.

However, even using correct wavelengths and 
fluences, tattoos may respond unpredictably to 
laser treatment, not only because their chemical 
compositions are highly variable, but also 
because the tattoo inks are often located at vari-
able dermal depths. Moreover, the biological 
effect of the laser treatment is also related to the 
different tattoo particles composition.

33.2.1  Classification of Tattoos

Professional tattoos are applied by a tattoo art-
ist using a handheld tattoo gun that delivers 
uniformly deep dense dermal injections of ink. 
The ink colors are composed of organometallic 
dyes that are often mixed together to create a 
wide spectrum of colors. These are usually the 
most difficult tattoo to remove, because of the 
high amount of multicolored ink particles 
(some colors, i.e., white, yellow, and light 
green, are more difficult to eliminate because 
of the absence of wavelengths absorbed by 
targets).

Amateur tattoos are applied using handheld 
needles that deliver India ink or carbon injected 
at variable depths into the skin. They generally 
have fewer ink particles and are more superfi-
cially placed than professional tattoos. Because 
of their superficial placement, relative paucity of 
ink, and lack of multiple colors, amateur tattoos 
are often easier to remove.

Cosmetic tattoos are often applied freehand 
by cosmetologists to provide permanent makeup 
in areas where one would apply eyeliner, lip 
liner, or eyebrow pencil. The various shades of 
brown, black, flesh-tones, and red inks fre-
quently contain titanium dioxide and iron oxide 
pigments that are difficult to remove because of 
oxidative reactions that darken the ink when 
irradiated with laser light. This color change is 
known as paradoxical reaction, and is attributed 
to chemical reduction of rust-colored ferric 
oxide to black ferrous oxide or white titanium4+ 
to blue titanium3+ dioxide. These cases often are 
resolved by an intervention with another laser 
wavelength (1064  nm, 694  nm, or 755  nm) 
(Fig. 33.3); however, the dark color can be per-
manent [11–13].

Medicinal tattoos are small gray or blue-black 
markings placed by medical personnel to desig-
nate radiotherapy fields or port placement sites. 
Similar to amateur tattoos, they are typically 
composed of a sparse amount of India ink or car-
bon pigment and are simply removed with laser 
in a few number of sessions.
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Traumatic tattoos result from deposits of for-
eign particles such as metal, glass, dirt, and 
carbon- containing particles into the skin follow-
ing mechanical penetration. These often follow 
blast injuries or trauma involving road surfaces 
and can be difficult to remove if they are deeply 
embedded and/or contain incendiary material 
[14]. In this cases is useful performing a test spot 
before treating the rest of the surface to ensure 
patient safety. The combination of fractional 
ablative (10,600 nm) or fractional QS or PS laser 
can be very useful to get the pigment in the deep 
dermis through cicatricial tissue [15].

33.2.2  Treatment Protocol

Laser treatment should be performed using the 
lowest fluence that achieves the desired clinical 
endpoint of immediate skin whitening on laser 
impact (popcorn effect: a result of gas formation 
from rapid tissue heating). Increasing fluences 
are often required during subsequent treatments 
as ink density decreases. Care should be taken to 

minimize pinpoint bleeding when higher fluences 
are used. One laser pass should be performed 
over the desired treatment area with minimal 
(less than 10%) overlap of spots. Laser treat-
ments are typically administered at 30–45 days 
intervals or longer to permit adequate clearing of 
ink and appropriate skin healing between treat-
ments, depending on body area and lymphatic 
drainage. Patients should be provided with post-
operative instructions that include strict sun pro-
tection as well as application of emollient healing 
ointments and protective bandages for 7–10 days 
after treatment [10].

Recent studies have shown increased efficacy 
of laser tattoo removal when several laser passes 
are delivered during each treatment session, 
necessitating fewer treatment sessions for 
removal. For additional laser passes to be effec-
tive, the ash-white tissue response must resolve 
between passes. Two methods have been pro-
posed to achieve this: the R20 and R0 methods 
[16, 17]. The R20 method, first introduced by 
Kossida et al., investigated single-pass treatment 
compared with four consecutive passes separated 

a

c

b

Fig. 33.3 Cosmetic brown eyebrow tattoo removal: (a) before treatment (b) paradoxical reaction with color changing 
after one session of 532 nm QS laser (c) complete ink removal after three sessions of 694 nm QS laser
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by 20-min intervals (during which time resolu-
tion of ash-white tissue response occurs sponta-
neously). Results showed this approach is safe 
and more effective than traditional single-pass 
treatment. The R0 method, which involves the 
application of topical perfluorodecalin, a liquid 
fluorocarbon that immediately resolves the ash- 
white tissue response, was found to be faster and 
as clinically effective as the R20 treatment.

33.2.3  Choosing Correct Wavelength

Because multiple different inks are often present 
in a tattoo, effective treatment requires the use of 
various visible and near-infrared wavelengths. 
For an optimal removal of pigment, it is neces-
sary to pick the most appropriate laser on the 
basis of the absorption spectrum of ink colors in 
the tattoo (Table 33.1). Black pigments absorb in 

the red and infrared and can be therefore treated 
with ruby (694  nm), alexandrite (755  nm), or 
Nd:YAG (1064  nm) QS/PS lasers (Fig.  33.4). 
Blue and green inks can be hit by frequencies in 
the 600–800  nm range, which makes ruby and 
alexandrite lasers the first choice. Red, orange, 
and yellow inks are specifically destroyed by 
green light, therefore most appropriate lasers for 
the removal of these colors are Nd:YAG (532 nm) 
QS/PS (Fig.  33.5). However, often professional 
tattoo makers such as painters used to mix differ-
ent inks to obtain specific colors. In these cases 
possible approaches are: (1) change the wave-
length applied at each session on the basis of the 
prevalent tattoo color (this will increase the total 
number of sessions needed to completely remove 
tattoo ink); (2) perform multiple passes with dif-
ferent wavelengths in each session (i.e., R20 
technique with different wavelengths); (3) use 
laser devices able to emit simultaneously two dif-
ferent wavelengths.

The Kirby–Desai scale has been proposed as 
an aid to help clinicians estimate the likely num-
ber of treatment sessions needed for tattoo 
removal and can be used during patient counsel-
ing [18]. Numbers are assigned to six factors: 
patient Fitzpatrick skin type, tattoo location, tat-
too color, amount of tattoo ink, inherent scarring 
or tissue change, and ink layering. Scores are 
then tabulated that estimate the number of treat-
ment sessions needed for tattoo removal. Kirby 
et al. found a correlation coefficient of 0.757 after 
performing a retrospective review of 100 patients 

532 nm

694 nm

755 nm

1064 nm infrared

red

red

green

Emitted
light

Tattoo color

Table 33.1 Absorption spectrum of ink colors in the 
tattoo

Fig. 33.4 Professional black tattoo removal: before and after six sessions with 1064 nm QS laser
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treated with laser tattoo removal and comparing 
the actual number of required treatments with 
their Kirby–Desai scores. While helpful, the 
scale is limited because it does not take into 
account the type of laser used (e.g., wavelength, 
PS vs NS pulse duration).

33.2.4  Side Effects

In general, QS and PS lasers used for tattoo 
removal seem safe. Minor and transient side 
effects were commonly reported after laser treat-
ment, including erythema, edema, pinpoint 
bleeding, and crusting. Pigmentation disorders 
were reported in up to 25% of patients and were 
probably related to patients’ skin type. Transient 
textural changes were reported in up to 50%. The 
reports of acute bulla formation varied from 0 to 
50% in different studies. Since some studies did 
not indicate the spot size used, we can only 
assume that this variation can be attributed to a 
difference in fluence and energy used. 
Hyperpigmentation and scarring were rarely 
reported using correct fluences [10].

In conclusion, laser therapy must be consid-
ered the elective treatment for tattoos; however, 
there are still difficulties due to the fact that sev-
eral source types must be used to remove sources 
of different colors (e.g., multicolor tattoos per-

formed by professionals). In fact, some white, 
yellow, and green hues are difficult to treat with 
currently available lasers. Finally cases in which 
even an accurate laser treatment does not allow to 
obtain a complete removal of the dermal 
pigment.
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Skin Resurfacing: Ablative 
and Non-ablative Lasers

Pier Luca Bencini and Stefania Guida

34.1  Introduction

The request for skin resurfacing and rejuvenating 
procedures has increased in the last decades. In 
addition, the concept of nonsurgical skin rejuve-
nation has been developed through the introduc-
tion, among others, of laser skin resurfacing. 
Several advances have been made in the resurfac-
ing field in order to induce faster healing and 
reduced downtime [1].

In the 1980s, continuous wave (CW) carbon 
dioxide (CO2) lasers became available to resur-
face photoaged skin. Although the procedure 
could induce impressive results, the risk-benefit 
ratio was imbalanced for the high rate of scarring, 
dyspigmentation, erythema, skin eruptions and 
infections as well as increased pain, discomfort 
and downtime [2].

Accordingly, due to the enhanced thermal 
injury, a wide zone of thermal damage and abla-

tion was induced by the CW of these early CO2 
lasers [3].

However, later on, short pulse, high peak 
power, and rapidly scanned CO2 lasers and nor-
mal mode erbium-doped yttrium aluminum gar-
net (Er:YAG) lasers have been introduced. These 
devices enable the precise control of photoaged 
skin removal by reducing thermal injury [1].

In addition, non-ablative laser resurfacing 
systems and the concept of fractional photother-
molysis (2004) have provided clinicians with a 
number of options enabling the selection of 
patients for each indication of treatment, in 
order to overcome some of the limitations of 
CW CO2 laser [4–7].

34.2  Laser–Tissue Interactions 
for Carbon Dioxide 
and Erbium:YAG Lasers

34.2.1  Carbon Dioxide (CO2)

In the 1980s, the concept of selective photother-
molysis enabled the introduction of CO2 laser 
resurfacing [8, 9].

Lasers used for skin surgery exploits heating. 
When selective heating is performed, employing 
selective photothermolysis principles, very pre-
cise tissue effects can be achieved [8, 9].

The principle is based on the preferential laser 
light absorption and heat production in the target 
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chromophore. In order to reach this effect, a pulse 
duration shorter than the thermal relaxation (or 
cooling) time of the tissue should be employed 
[8, 9].

The 10.600 nm wavelength, belonging to the 
far-infrared electromagnetic spectrum, targets 
water. As a consequence, laser beam penetrates 
the skin independently from the amount of mela-
nin and hemoglobin. When 5  J/cm2 fluence is 
delivered, the vaporization threshold of tissue, 
employing a pulse duration lower than 1 ms, the 
thermal relaxation time of tissue, an optical pen-
etration of 20 to 30 mm, is reached, with a resid-
ual thermal damage extending to 100 to 150 mm 
[10–12].

Coagulation and desiccation of tissue can be 
obtained when CO2 lasers fail to deliver a fluence 
that surpasses the vaporization threshold [13].

The width of the zone of residual thermal 
damage is directly proportional to the pulse dura-
tion of the laser. For a CW beam CO2 laser, the 
pulse duration can be reduced according to a 
freehand motion of the laser beam. However, 
small spot sizes can be used in order to achieve 
adequate fluences, despite inducing a zone of 
thermal necrosis of 100  μm−2  mm beyond the 
incision [12], thus potentially leading to a risk of 
scarring, although a good clinical practice.

With regard to fluence, it is directly related to 
laser beam diameter, thus leading to progressive 
development of different devices. First ones 
showed small-diameter beams (100–300  μm), 
achieving high fluences with rapid vaporization 
while larger beam diameters, such as 2 mm, led 
to an increased thermal heating with charring, 
above all when not rapidly moved over the target 
field. In addition, the ablation can be reached by 
means of two different strategies.

One is a high-power, individually pulsed CO2 
laser that could deliver 500 mJ, in 600 μs to 1 ms. 
When administered in a 3-mm spot or in a spe-
cific computer pattern generator, made up of doz-
ens of 2.25-mm spots, sufficient fluences greater 
than 5 J/cm2 can be achieved [14].

The other strategy for attaining the ablation 
parameters involved a lower-energy, rapidly 
scanning CW CO2 laser. This technology 
employs focused small-diameter beams in order 

to generate sufficient fluence, scanning them in 
several non-overlapping shapes. When dwell 
times of less than a millisecond are applied, flu-
ence rose above ablation threshold.

Combining features of these two systems, 
superpulsed lasers have been then introduced 
[15], with peak powers twice to 10-times the 
power of the CW, pulse durations of 0.1–0.9 ms, 
repetitions of 100–5000 Hz. High peak powers 
with short cooling pauses between each pause 
are typically employed. Thus, there is a reduced 
need to manually remove the laser beam from 
the skin to avoid unwanted thermal damage. 
With superpulsing, the concept of duty cycle 
should be taken into account, being referred to 
the percentage of time the laser is actually deliv-
ering energy. This percentage is often about 
10%; however, it can be between an interval of 2 
and 50%. In addition, the duty cycle can be mod-
ulated though pulsing the superpulses, without 
too low or too high repetition rates, in order to 
avoid the impairment of hemostasis or an excess 
of heating with consequent thermal damage 
(thus mimicking a CW modality), respectively. 
Thus, pulsed CO2 enables the ablation of tissue 
with a peripheral thermal damage of less than 
100 μm of thickness.

However, despite apparent advances, a study 
comparing four different CO2 lasers have proven 
the efficacy and safety to be similar [16].

34.2.2  Erbium

When the chromophore is water, another wave-
length should be considered. Accordingly, the 
Er:YAG laser, emitting at 2940  nm, has been 
developed for ablative purposes. This wavelength 
has a closer approximation to the absorption peak 
of water of 3000 nm, thus inducing a more lim-
ited depth of penetration and essentially avoiding 
thermal damage. In detail, laser penetration is 
only 1 to 3  mm per J/cm2, with a low residual 
thermal damage, reaching 10 to 40 mm.

Similarly to what have been previously 
reported for CO2 laser, the comparison of six 
erbium:YAG have proven equivalent efficacy and 
safety [17].
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34.2.3  Other Lasers

The development of fractional technologies 
enables the delivering of columns of thermal 
injury to the skin, confined to limited parts of the 
skin, known as microthermal zones (MTZ), in 
order to avoid extended epidermal damage. The 
surrounding unaffected skin areas composed by 
follicular units and their stem cells, as well as 
available fibroblasts, contribute to a rapid reepi-
thelization and collagen remodeling of these 
MTZ [18].

First lasers employing this fractional concept 
were the non-ablative, such as the 1550-nm 
erbium-doped fiber laser, inducing minimal 
downtime and mild erythema. However, these 
non-ablative fractional lasers (NAFL) usually 
target the dermis and attempt to stimulate dermal 
remodeling while avoiding epidermal injury and 
prolonged healing times. Although very safe, 
these devices are unable to generate significant 
dermal coagulation [18].

Therefore, these NAFL do not guarantee the 
same results of ablative lasers. However, the 
progression of technology enabled the combina-
tion of the theory of fractional photothermolysis 
and ablative laser technologies. As a conse-
quence of the enhanced application of fractional 
lasers, many independent laser suppliers have 
been interested to take advantage of the new 
fractional technology. The major differences 
among several devices produced concern the 
depth of ablation and coagulation and the varia-
tions in treatment handpieces, with their varying 
spot sizes and shapes, as well as mode of appli-
cation (rolling or stamping). Treatment hand-
pieces vary according to the manner in which 
the treatments are performed and delivered to 
MTZ.  Some examples include fractional 532-
nm diode, 850- to 1350- nm infrared, 
1064-nm/2940-nm Er:YAG, 1550- nm erbium-
fiber, 2790-nm yttrium scandium gallium garnet 
(YSGG), 10,600-nm CO2, and radiofrequency 
lasers and handpieces. These products emit dif-
ferent pulse lengths and different amounts of 
energy [19].

34.3  Operative Considerations

There are a few points to consider before ablative 
laser resurfacing treatment: patient selection, 
prophylactic procedures, anesthesia, and compli-
cations [19].

34.3.1  Patient Selection

Concerning patient selection, expectations, skin 
type, and medical history should be adequately 
investigated before treatment. Reasonable expecta-
tions for cosmetic outcome, taking into account the 
side effect profile, as well as the necessary down-
time following treatment, should be given to 
patients. For example, a single treatment with an 
ablative fractionated device may achieve superior 
results as compared to one treatment with non-abla-
tive devices, although the latter requires a signifi-
cant reduced downtime period. In addition, potential 
contraindications should also be considered [19]:

• Keloids/hypertrophic scars. However, if 
keloids or hypertrophic scars are located on 
predisposed areas such as the chest, there is no 
strict contraindication for laser resurfacing.

• Decreased adnexal structures of the skin, such 
as skin that has received prior X-ray treatment 
or patients with scleroderma. The reason is 
that the successful result of laser depends on 
the presence of adnexal structures to repopu-
late the epidermis from stem cells found in 
skin appendages.

• History of oral retinoid use. Prior isotretinoin 
treatment has been associated with atypical scar-
ring after dermabrasion or chemical peels, even if 
procedures were performed more than 1  year 
after the drug therapy. However, recent evidences 
suggest that there is insufficient evidence to sup-
port the current protocol of avoiding and delaying 
treatments due to isotretinoin intake [20].

• Skin disorders associated with potential 
Koebner phenomenon (i.e., psoriasis, vitiligo, 
lichen planus), and other skin conditions asso-
ciated with delayed wound healing.

34 Skin Resurfacing: Ablative and Non-ablative Lasers



360

34.3.2  Perioperative Management

A number of useful medications make laser 
resurfacing more effective, safer, and more com-
fortable for the patient.

• Tretinoin has been associated to a faster reepi-
thelization. For ablative lasers, the authors 
suggest using 0.1% tretinoin cream applied 
nightly for 3 months prior to, and discontinu-
ing 24  h before, the planned procedure. For 
non-ablative laser resurfacing, 0.05% tretinoin 
should be considered [21].

• Bleaching creams. Post-inflammatory hyper-
pigmentation (PIH) can occur after laser 
resurfacing. In order to avoid this adverse 
event, patients are suggested to limit sun expo-
sure prior to laser procedure and to avoid hav-
ing a sun tan at the time of the procedure. 
Darker phototype patients are given hydro- 
quinone, kojic acid, or azelaic acid to be used 
for several weeks before the procedure. 
Although studies are inconclusive about the 
preventive role of these topical agents for PIH, 
they may be effective for the postoperative 
regimen as a part of the at-home setting skin 
care [22].

• Antiviral therapy. Ablative laser resurfacing 
may trigger an outbreak of herpes simplex, 
potentially resulting in increased pain, pro-
longed healing, and an increased risk for 
scarring. Therefore, all patients are prophy-
lactically given antiviral therapy starting 
1–2 days before the procedure, going ahead 
for about 5 days [23].

• Antibacterial therapy. After laser resurfacing, 
there is a layer of necrotic thermally coagu-
lated dermis that can represent an ideal culture 
medium. Thus, patients are usually given pro-
phylactic antibiotic 1  day before the proce-
dure, for a total of 5–6 days [23]. Prevention 
of secondary candida or other fungal infec-
tions can also be taken into account in selected 
cases [24].

• Systemic corticosteroids. Oral steroids can be 
considered for a short, 3- to 6-day, periopera-
tive course to reduce the edema, in association 
with cool compresses, soaks in saline or water, 
and protection with a petrolatum ointment. 

After reepithelization, sunscreen use should 
be advised and makeup can be employed in 
case of persisting erythema.

34.3.3  Anesthesia

Several options for anesthesia are available, from 
topical agents to local infiltration, nerve blocks 
and systemic agents. The decision is related to 
different factors: patient tolerance, treatment 
area, and technology employed, considering, for 
instance, that low-energy, low-density NAFL 
usually do not require anesthesia.

The following options can be considered [19]:

• Topical agents, such as lidocaine and prilo-
caine cream, may be helpful for superficial 
laser procedures, particularly with the Er:YAG 
laser, which creates less thermal injury than 
the CO2 laser and is therefore less painful.

• Regional nerve blocks using local anesthetics 
with eventual supplementary infiltration of the 
treated area can provide adequate anesthesia 
for the area under treatment. Regional blocks 
are performed with lidocaine 2% with 
1:100,000 or 1:200,000 epinephrine, but can be 
enhanced by bupivacaine 0.5%, 1:10 sodium 
bicarbonate (NaHCO3) 8.4% to neutralize the 
pH and, subsequently, diminish pain.

• For total face resurfacing and patients who are 
particularly sensitive or anxious, systemic 
agents can be considered, including 
 anxiolytics, narcotics, intramuscular sedation, 
or intravenous anesthesia.

34.3.4  Complications

Side effects following laser resurfacing can 
include [19, 25]:

• Erythema, resulting from epidermal immatu-
rity, reduced melanin absorption of light, and 
increased blood flow secondary to the laser- 
induced inflammatory response. Although this 
condition is cosmetically undesirable, it is 
universal and considered part of the normal 
healing process. However, persistent erythema 
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is identified when it lasts more than 4 days for 
NAFL and more than 1–6 months with abla-
tive lasers.

• Infection, that should be suspected in case of 
any new onset pain or prolonged pain. In these 
cases, as well as in cases of abnormal ery-
thema, yellow exudate or crusting, papules, 
pustules, or erosions, appropriate cultures 
should be performed and eventual infections 
treated according to the etiologic agent.

• Contact eczematous dermatitis, potentially 
occurring while the skin is denuded and can 
be easily prevented by avoiding potential sen-
sitizers. Topical mild-potency corticosteroids 
can be employed to treat the occurrence of this 
complication.

• Follicular. a. Milia, related to follicular reepi-
thelization compounded by the use of occlu-
sive moisturizers. b. Acne, that can occur in 
the early postoperative phase, especially in 
patients with a past history of acne. It can be 
treated with standard acne therapy.

• Scarring. Although rare, it should be consid-
ered and can be related to technical inappro-
priate procedure or to inaccurate wound care. 
Preventive measures are represented by proper 
patient selection, an adequate number of laser 
passes, and good post-laser wound care.

• Pigmentary changes, occurring more fre-
quently in patients with darker skin photo-
types (a) PIH, consisting in a transient 
hyperpigmentation, most often seen in patients 
with Fitzpatrick’s skin phototype III to VI. To 
treat PIH, bleaching creams and tretinoin are 
suggested as well as sun exposure avoidance; 
(b) Delayed hypopigmentation, developing 6 
to 12  months after resurfacing. 
Hypopigmentation is, nowadays, an uncom-
mon complication.

34.4  Indications for Ablative 
Lasers

34.4.1  Aging Signs

Identification of indications for laser treatment is 
important in order to meet patient expectations/
satisfaction. Thus, selection of patients should 

take into account the perioral and periorbital 
regions. Accordingly, wrinkling in these areas 
has been traditionally unresponsive to surgical 
face-lifting procedures and present therapeutic 
alternatives (chemical peeling and dermabrasion) 
with limited efficacy in these specific regions [5].

CO2 laser has been demonstrated to give the 
most impressive results in the treatment of photo-
aging signs. A retrospective study on 47 patients 
has shown good to excellent cosmetic results in 
the perioral, periorbital, and glabellar rhytides 
[4].

A recent paper has reported the application of 
a new technique for the ablative resurfacing of 
lower eyelid skin in 20 patients showing skin 
elastosis with or without evidence of the nasoju-
gal fold and atrophic and dyschromic skin, 
obtaining different degrees of improvements in 
all patients [26].

However, it is important to consider that, if 
wrinkles are classified as mild, moderate, and 
severe categories, the expectation of treated 
patients should be for mild wrinkles to resolve 
and to moderate to severe to improve by one class 
[4, 27, 28].

The treated area continues to improve up to 
18  months after laser resurfacing as collagen 
remodeling takes place. Collagen remodeling has 
been proved by histopathologic assessment [19]. 
Therefore, an improvement of skin tightening, as 
well as skin tone, texture, and rhytides can be 
observed. However, these results can be impaired 
by the occurrence of adverse events.

On the other hand, Er:YAG laser was found to 
be effective in treating mild to moderate rhytides. 
For instance, perioral, periorbital, and forehead 
rhytides showed an improvement 3 weeks after 
the laser treatment [29, 30].

Despite a reduced incidence of adverse events 
and reduced downtime after treatment, less satis-
fying results can be obtained as compared to 
CO2. Nevertheless, Er:YAG laser appears to be 
useful in the treatment of patients with dark skin 
phototype [31].

On the other hand, melasma does not seem to 
represent a first line of application of ablative 
resurfacing lasers alone or the application of 
these technologies can induce potential adverse 
events [32].
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34.4.2  Scarring

Both CO2 and Er:YAG lasers have been employed 
in the treatment of acne, posttraumatic and post-
surgical scars.

In particular, CO2 lasers have been success-
fully used in acne scars (ice pick) and elevated 
ones while depressed scars tend to improve less 
[33, 34].

On the other hand, Er:YAG can be applied 
to the treatment of acne scars (atrophic and pit-
ted) and hypertrophic scars with good results 
[35, 36].

34.4.3  Skin Lesions

Seborrheic keratosis, epidermal nevi, viral lesions 
such as verruca vulgaris and condylomas, xan-
thelasma, adnexal tumors such as syringomas, 
trichoepitheliomas, angiofibromas, and neurofi-
bromas can be treated with ablation with both 
CO2 and Er:YAG [37–41].

The application of this technique on melano-
cytic nevi as well as on malignant skin tumors is 
controversial. The reason lies in the fact that 
intraoperative histopathologic/cytologic exami-
nation is impaired by the vaporization, thus limit-
ing the certainty of its complete removal.

However, scraping the lesion prior to vaporiz-
ing with laser through successive layers of the 
skin can be used to perform, on the one hand his-
topathologic examination and, on the other hand, 
the treatment of the lesion for basal cell carcino-
mas, actinic keratosis, and cheilitis [42, 43].

34.4.4  Rhinophyma

CO2 laser is considered an excellent treatment 
modality for rhinophyma in experienced hands. 
In a study enrolling 124 patients with rhino-
phyma, good to excellent results were observed 
in 95% of patients, poor in the remnant 5% [44].

The Er:YAG laser can also been applied for 
the treatment of this condition [45].

The possible combination of both laser treat-
ment modalities has been claimed to be the gold 

standard to perform a correct rhinophyma treat-
ment in a bloodless field [46].

34.5  Fractional Laser Resurfacing

The novel concept of fractional photothermolysis 
(FP) was first reported in 2003, in its basic appli-
cation [47]. After that, in 2004 and 2005 first 
applications for photoaging by Manstein et  al. 
were reported [7, 48].

Fractional technologies can be divided into 
two main categories based on the wavelength’s 
affinity for water: ablative, employing wave-
lengths highly absorbed by water, and non- 
ablative, with only moderately absorbed 
wavelengths. Ablative devices include both 
Er:YAG; 2940 nm or YSGG; 2790 nm and CO2; 
10,600  nm lasers while “non-ablative” employ 
wavelengths of 1410 nm, 1440 nm, 1540 nm, and 
1550 nm.

Histologically, with the NAFL, a column-
like denaturation of the epidermis and dermis is 
induced. Furthermore, a disruption of the 
dermo-epidermal junction, with subepidermal 
clefting within the MTZ, and an intact stratum 
corneum can be observed. Therefore, thermally 
destroyed tissue becomes replaced by keratino-
cytes migrating from the surrounding healthy 
tissue within the first 24 h after treatment [49].

As a consequence, the necrotic tissue, named 
Microscopic Epidermal Necrotic Debris 
(MEND), is eliminated through the epidermis, 
facilitated by the subepidermal clefting. 
Clinically, this transepidermal elimination of 
necrotic tissue results in slight scaling and bronz-
ing of the skin and occurs 1 week after treatment. 
After that, MTZ replacement with new collagen 
takes place within 3–6 months [50].

Selecting specific parameters of energy per 
MTZ and the density of MTZ per cm2, 3–40% of 
the skin can be covered with each treatment. The 
MTZ are usually smaller than 400 μm in diame-
ter and can reach varying depths of up to 1300 μm, 
depending on the wavelength, pulse energy, and 
device used. With increasing energy for each 
spot, there is an increase in size/diameter of the 
MTZ, as well as the depth of penetration. 
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Therefore, energy employed is based on the 
desired depth of treatment. Densities can be 
reported as either percent coverage, or MTZ per 
cm2. Thermal damage is induced in the epidermis 
and dermis, leading to epidermal turnover and 
collagen induction [50].

With the ablative fractional lasers (AFL), his-
tologically one can see ablated micro-columns 
(corresponding to MTZ), with varying thickness 
and depth, related to pulse width and wavelength 
used. A thin layer of eschar lines the cavity, 
which is associated to ablative treatment. Around 
these cavities, the presence of annular coagula-
tion zones of different thickness is represented by 
denatured collagen. When an AFL is employed 
the stratum corneum is mostly absent, as com-
pared to the situation of NAFL use [50].

34.5.1  Non-ablative

The request for a better side effect profile while 
minimizing downtime, fueled the development of 
NAFL, along with fractionated variants of abla-
tive lasers [19].

The main difference between AFL and NAFL 
is that non-ablative ones do not damage the 
superficial epidermis, while achieving selective 
dermal injury, leading to new collagen deposition 
and remodeling. Consequently, this mechanism 
of action of non-ablative lasers reduces the down-
time for patients, the need for wound care and 
anesthetics and ameliorates the side effects 
profile.

Although very safe, these devices are unable 
to generate significant dermal coagulation. 
Therefore, efficacy of a single session of treat-
ment may be considered less than ideal. It is the 
responsibility of the physician to be certain that 
the patient has reasonable expectations and may 
require a series of treatments to achieve desired 
outcomes [19].

34.5.2  Ablative

AFR was created by combining wavelength of 
the traditional ablative resurfacing lasers with an 

FP system. AFR achieves controlled tissue vapor-
ization and thermally induced dermal coagula-
tion reaching greater depths than those of both 
traditional CO2 lasers and newer NAFL. Therefore, 
AFR produces an increased tissue contraction, 
collagen production, and dermal remodeling as 
compared to NAFL.

In addition, there are several advantages of 
AFR over traditional CO2 laser resurfacing. 
Interestingly, a study involving 2000 proce-
dures has shown that, with a proper technique, 
there is a very low risk of scarring or hypopig-
mentation [18].

A reduced downtime and a safer adverse 
events profile have been demonstrated with AFR 
as compared to classic ablative procedures. After 
full-face resurfacing with AFR, a complete re- 
epithelialization can be observed in three to six 
days while two to three weeks of recovery are 
required with traditional CO2 full-face 
resurfacing.

34.6  Indications for Fractional 
Laser Resurfacing

34.6.1  Aging Signs

Both NAFL and AFL have been proven to be 
effective in the treatment of skin aging, including 
periorbital and perioral rhytides, wrinkling, and 
skin texture (Fig. 34.1). A shrinkage pattern can 
be obtained through thermal injury induced by 
the treatment. After one month, tissue shrinkage 
is followed by a relaxation time before a retight-
ening at 3 months [7].

In addition, NAFL can be successfully applied 
to skin sites other than the face [51], such as 
hands [52] and neck [53].

A combined approach between NAFL and 
intense pulsed light (IPL) has been described, 
inducing increased improvements on photoaging 
signs, as compared to NAFL alone [54].

On the other hand, AFL can induce an 
improvement of aging signs.

Wound healing response has been shown to be 
sustained for at least 3–6 months post-treatment 

34 Skin Resurfacing: Ablative and Non-ablative Lasers



364

with both histopathology and non-invasive skin 
imaging techniques [55].

In detail, greater clinical improvements in 
wrinkling and skin texture can be achieved with 
AFL, as compared to NAFL, such as for the treat-
ment of skin laxity in lower eyelids after 2–3 
treatment sessions [56].

On the other hand, skin pigmentary disorders 
do not seem to represent a specific field of appli-
cation of resurfacing lasers although NAFL has 
been proven its efficacy in melasma in patients 
with IV and V skin phototype. However, high 
rates of recurrence have been described. 
Nevertheless, protocols including AFL without 
(Fig.  34.2) or with topical creams or chemical 
peels have been proven their efficacy [57].

34.6.2  Scars

Scars represent a large field of application of 
FP.  Ice pick, boxcar, rolling scars, and atrophic 
ones have been proven to show an improvement 

of 25 to 50%, as assessed by means of digital 
photography as well as non-invasive skin imag-
ing techniques [58, 59].

Consecutive sessions of treatment as well as 
several passes of treatment have been directly 
related to scar improvement [60, 61].

However, AFLs, both CO2 and erbium [62], 
have been associated with higher efficacy profile 
for acne scars treatment, as compared to NAFL 
[63], and to microneedling [64].

Interestingly, high-energy and low-density 
laser settings have been proven to be more effec-
tive as compared to low-energy and high-density 
settings. For dark-skinned patients, NAFL should 
be taken into account [65].

In addition, surgical, posttraumatic and striae 
distensae have been demonstrated to respond to 
NAFL.  The hypothesized mechanism of action 
has been neo-collagenesis and collagen remodel-
ing [66].

For hypertrophic scars, low-energy protocols 
have been shown to be highly effective while 
minimizing adverse events [67].

Fig. 34.1 Clinical pictures of a 68-year-old woman before and after resurfacing with fractional CO2 laser. An improve-
ment in perioral rhytides, wrinkling and skin texture can be observed after the treatment

Fig. 34.2 Clinical pictures of a 72-year-old woman before and after resurfacing with fractional CO2 laser. The treat-
ment provided skin tightening and skin color uniformity
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34.6.3  Other

AFL, both CO2 and erbium:YAG lasers, can be 
employed for the laser-assisted drug delivery 
(LADD). LADD has been described as a promis-
ing technique combining the effect of laser and 
enhancing the absorption of topical molecules. It 
is a versatile technique that should be adjusted to 
the patient, the drug to be delivered (such as cor-
ticosteroids, photosensitizers, and immunother-
apy agents), depending on the skin conditions 
(including scars, nonmelanoma skin cancer, and 
photodamage) and their locations [68]. NAFL 
can also be combined with LADD [69].
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Photorejuvenation: Concepts, 
Practice, Perspectives

Marco Dal Canton

35.1  Introduction

Photorejuvenation is an attractive and effective 
term in the vocabulary of both physicians and 
contemporary patients. A measure of the percep-
tion of laser photorejuvenation in the collective 
imagination can be recorded when analyzing the 
statistics of the top nonsurgical procedures in the 
USA and worldwide. The global aesthetic laser 
market size was valued USD 508 million in 2015 
[1] and is expected to grow, in proportion to the 
progressively increasing demand of cosmetic 
minimally invasive procedures in the next few 
years: the American Society of Plastic Surgeons 
reports 15.7 million performed in 2017, 2% more 
than in 2016 [2].

The demand for lasers is projected to grow at 
a rapid rate due to aging baby boomers as well as 
surplus income with the middle class to spend on 
cosmetic surgeries.

Downtime is considered a major problem for 
our web well-versed patients, nowadays looking 
for striking results, nevertheless with acceptable 
to no interruption of own daily activities and min-
imal impact on social life. In today’s fast moving 

world, finding a solution to this ambitious com-
promise is directing consistently to high-end 
medical technologies.

In an extremely competitive and often aggres-
sive and ambiguous market, chiefly when dealing 
with skin and aesthetic problems, physicians 
today have to push the expectations of patients 
within the real world, sharing the available level 
of scientific evidence sustaining or often against 
any therapeutic option, balancing own costs and 
ambitions with the conservation of own 
professionalism.

The first publications citing the term skin reju-
venation with lasers, in the 1990s, were discuss-
ing on ablative lasers [3], while to the author’s 
knowledge in 2000 the term photorejuvenation 
appeared for the first time in the literature [4].

In the following few years, many surveys and 
reports on the effects of high energy polychro-
matic and laser lights have been progressively 
published.

35.2  Photorejuvenation: 
Definition

The expression non-ablative skin rejuvenation 
has been originally coined to summarize the 
global effects of the treatment with a high energy 
medical purpose non-ablative light sources, as 
lasers or polychromatic intense pulsed lights, on 
telangiectasia, irregular pigmentation, texture, 
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and rhytids, while preserving the epidermis, with 
a final result of an overall improvement of the 
signs of photoaged skin [2, 5].

The term photorejuvenation is now more 
widely used referring not only to the effects of 
non-ablative lasers and IPLs, but also to those of 
ablative lasers, of fractional non-ablative and 
ablative lasers, of LEDs (low level light ther-
apy—LLLT) [6] or as a component of photody-
namic therapy.

The common and crucial principle in these 
definitions is the possibility to take advantage of 
the effect of light interaction with the skin in the 
improvement of specific signs of the aged skin.

In the most genuine sense, the mechanism of 
photorejuvenation implicates a selective absorp-
tion of the impacting light by hemoglobins, mela-
nins, and/or tissue water, with epidermal sparing, 
leading to a dermal repair zone, resulting in an 
orderly restoration of a more normalized skin 
structure [7].

Zelickson et  al. in 1999 published the histo-
logic description of collagen remodeling after a 
flashlamp pulsed dye laser vascular laser treat-
ment [8]. Bjerring et  al. in 2000 described the 
clinical improvement of aged skin after long 
pulsed FLPD treatment in 40% of patients [9] 
while Bitter reported a significant improvement 
after a series of full face intense pulsed light 
(IPL) treatments [4].

Non-ablative laser and PCL skin rejuvenation 
rapidly gained popularity as a very beneficial col-
lateral consequence of selective targeting the 
overrepresented chromophores in the aged skin 
with vascular and pigment specific lasers and 
IPLs, as the hemoglobins in telangiectasia, the 
diffuse redness in rosacea and poikiloderma, and 
melanins in solar lentigo and mottled 
pigmentation.

Moreover, it was made clear the advantage of 
adding a new indication to existing well-honored 
devices in the healthcare facilities on a wide array 
of candidates, offering the perspective of an 
effective and progressive outcome on red and 
brown skin color and a collateral improvement of 
the texture, with a reasonably limited downtime.

A filtered search on Pubmed for publications 
consistent with the concept of photorejuvenation 
produced the following results (09/2018): 111 
papers on skin rejuvenation with non-ablative 
lasers; 57 with vascular lasers; 32 with Q-switched 
lasers; 11 with picosecond lasers; 151 with IPLs 
and, to the author’s knowledge, 21 randomized 
controlled studies on photorejuvenation are avail-
able, empowering the attention on the potential 
beneficial effects of the laser/PCL skin 
interaction.

When short pulses of an optical radiation are 
selectively absorbed by tissue cells, this can 
induce a selective damage to pigmented struc-
tures, cells, and organelles in vivo [10] (selec-
tive photothermolysis); but when the treatment 
pulse width is significantly longer than the tar-
get thermal relaxation time (TRT), a thermal 
effect extended to nearby targets should be 
expected (extended theory of photothermoly-
sis) [11].

This gentle interplay between selective and 
extended photothermolysis can explain how tar-
get specific vascular and pigment specific lasers 
and IPLs can improve the evenness of red and 
brown color and produce a restoration of contigu-
ous skin structures, clinically improving the tex-
ture of the photoaged skin.

35.3  Vascular Lasers, PCLs, 
and Photorejuvenation

Typically isolated and arborizing telangiectasia, 
diffuse redness, poichiloderma, spider angiomas, 
and rosacea can be considerable constituents of 
the clinical features of a sun-damaged skin. In 
2001, Bjerring et al. described that irradiation by 
a short pulsed 585  nm vascular laser at sub- 
purpura energy level induced a statistically sig-
nificant increase of 84% in the type III procollagen 
production rate compared to a nontreated control 
site [12].

IPL irradiation may induce fibroblast and vas-
cular endothelial cells growth and increase via-
bility in cultured cells lines, and produce a 
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time-dependent overexpression of procollagen I 
and III mRNA, which may primarily contribute 
to the connective tissue restoration after broad-
band light irradiation [13].

After these first clinical and histologic reports, 
a number of scientific papers on photorejuvena-
tion with almost all available vascular lasers have 
been published, corroborating these initial clini-
cal and experimental evidences.

The range of vascular laser is wide, and any 
option offers different advantages: in the 532–
585 nm range we can choose the less penetrating 
KTP and flashlamp pumped dye lasers (PDLs), 
with the advantage, or disadvantage in darker 
skin types, of melanin as a possible competing 
chromophore, while in the near IR the more 
deeply penetrating 800–1064 nm lasers are suit-
able to be selectively absorbed also by tissue 
water and thermally stimulate more deeply the 
dermis.

The whole range of vascular lasers can be 
understandably covered by polychromatic intense 
pulsed lights, filtered in the lower visible and UV 
range, offering the advantages and disadvantages 
of a continuous range of wavelengths and limit-
less possible settings on a wider area treated per 
single pulse, in respect to the definite wavelength 
and distinct combinations of fluence and pulse 
widths offered by lasers, mostly on a smaller 
spot. The detailed features and properties of 
lasers and broadband pulsed light (PCLs) are 
described in other chapters in this book.

How much can we realistically promise our 
patients interested in a relatively noninvasive pro-
cedure such as a vascular laser or an IPL laser 
photorejuvenation with a 530–550 nm filter?

A retrospective blinded before vs after study 
on objective and subjective clinical effects of a 
Nd:YAG 532 nm frequency-doubled long pulsed 
laser on color signs, texture, and rhytids on 20 
patients based on questionnaires and confronta-
tion of standardized before and after pictures evi-
denced a remarkable improvement in the red and 
brown color signs of photoaging in skin types I–
III, a slight to moderate improvement in skin tex-
ture and fine wrinkles, but a negligible 

improvement of medium depth and deep wrin-
kles [14].

These observations on 532 nm wavelength 
can realistically be compared to similar ones 
made after treatments with lasers in the visible 
range, as with the whole range of pulsed dye 
lasers [15, 16] and with broadband intense 
pulsed lights [4, 14, 16, 17]. Albeit with different 
modalities of delivery of light energy to tissues, 
all these technologies are appropriate to interact 
selectively with hemoglobin and melanin, with 
an expected overall collateral improvement of 
texture in the mid to long term after treatment, 
while no significant results on rhytids should be 
promised [12, 16].

IPL and long pulsed FPDL resulted to be simi-
larly effective in reducing facial erythema in a 
split face perspective study [17]. Long pulsed 
595 nm dye laser results to be effective and suit-
able to treat diffuse redness in lighter skinned, 
and when compared quasi-long pulsed (micro-
second) Nd: YAG 1064  nm laser, both lasers 
resulted to be successful in reducing facial ery-
thema [18].

Whereas the effects of LPDL and IPL on 
irregular pigmentation and on texture resulted 
comparable on a randomized split face blinded 
comparative study, telangiectasia result to be 
more efficiently treated with LPD vascular 
laser [19].

In another study, both KTP 532 nm and IPL 
resulted to be equally effective to achieve a 
marked improvement in vascular and pigmented 
alterations in sun-damaged skin, with the KTP 
causing a little more pain and post-laser edema 
than IPL [20].

35.4  Pigment Specific Lasers 
and Skin Rejuvenation

Melanin can be an unavoidable target for shorter 
wavelengths. For this reason, Nd: YAG 532 nm FD 
laser, 577, 585, 595 nm pulsed dye lasers, 755 nm 
alexandrite and broadband lights emitting shorter 
wavelengths are better indicated to treat lighter 
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and untanned skin, as well as they are suitable to 
treat not only vascular abnormalities, but also 
uneven pigmentation and discrete pigmented 
benign lesions, as solar lentigo, early stage flat 
seborrheic keratoses, skin tags, dermatosis papu-
losa nigra, brownish poikilodermatous changes 
often coexisting in photoaged skin [21–23].

The differential diagnosis of pigmented 
facial lentigo on chronically sun-damaged 
skin  represents one of the most challenging 
scenarios for dermatologists treating skin can-
cer. A precise diagnosis is needed in any case 
before lasering a pigmented, irregularly pig-
mented or sometimes barely or nonpigmented 
lesion. Often clinical examination and immer-
sion or polarized dermoscopy could not be 
sufficiently informative for a reassuring diag-
nosis. The diagnosis of pigmented flat facial 
lesions on chronically sun-damaged skin can 
be particularly challenging also for an experi-
enced dermatologist, and early stage sebor-
rheic keratosis, especially when irritated or 
regressive, and pigmented actinic keratosis 
can display overlapping features with lentigo 
maligna [24].

This understandable prerequisite could be 
uncomfortably shared with our aesthetic con-
cerned patient, often asking us an easy and 
speedy laser resolution of a boring age spot.

An accurate and detailed diagnosis of any 
clinical sign related to skin photoaging must be 
provided before treatment, sharing with the 
patient the opportunity of further examination, 
when clinical and dermoscopic evaluation 
results are not completely exhaustive. These 
can include optical coherence and confocal 
microscopy, usually available in research cen-
ters while histologic examination is definitely 
necessary in the diagnosis of controversial pig-
mented and nonpigmented skin lesions [25].

A key issue is to detect a melasma before a 
laser treatment, often barely visible and con-
cealed amidst the irregular pigmentation of a 
photoaged face: this is in order to prevent an 
inadvertent laser overtreatment, which frequently 

conveys to a disappointing rebound or even wors-
ening of the hyperpigmentation.

This common skin dyspigmentation should be 
under reasonable control before hitting the 
affected skin with high energy light sources, 
independent upon the selected target.

Based on current evidences, if a melasma is 
detected, no available laser technology and laser 
treatment protocol is recommended as monother-
apy and/or first-line therapy rather as an integration 
of a medical treatment with bleaching agents, topi-
cal or oral tranexamic acid, combined with daily 
application of a high index sun protection [26].

Habitually the patient is concerned chiefly of 
one or more of the larger and visible pigmented 
“age spots” of the face, decoltè, or dorsum of 
hands, giving less importance to uneven distribu-
tion of pigmentation and the other signs of photo-
aged skin.

In this case, laser treatment results to be supe-
rior to other conventional treatments, as cryo-
therapy, peeling or bleaching agents [27], and 
the option to treat one or more larger age spots 
can be offered with pigment specific light 
sources as: long pulsed 532  nm Nd: YAG 
(Fig. 35.3), 585 [28], 595 nm PDL [29], 755 nm 
alexandrite [30]; with 532 nm [31], 694 nm [32], 
755  nm [33], and 1064  nm Nd: YAG [34] 
Q-switched lasers; with appropriately filtered 
and cooled non-coherent flashlamp intense 
pulsed light sources (IPLs) [35, 36], and recently 
also picosecond lasers have been used success-
fully to treat lentigines [37].

Continuous and quasi-continuous lasers as 
ablative CO2 can be used to treat lentigines [38], 
preferentially in a superpulsed or ultrapulsed 
mode [39], but with non-negligible risk of scar-
ring due to the residual thermal damage, there-
fore a CO2 fractional laser treatment can be a 
more conservative option, albeit less successful 
as compared to pigment specific laser, as 
Q-switched 532 nm laser [40].

Short pulsed Er:YAG 2940 nm laser, produc-
ing an insignificant residual thermal damage, is 
appropriate to precisely flatten seborrheic kerato-

M. Dal Canton



373

sis (SK), which often hide as a minimally palpa-
ble component within larger and mature age 
spots [41], or to sculpt thicker SK, but being a 
non-target specific light source, there is a risk of 
textural changes or even scarring if it enters too 
deep into the dermis.

Long pulsed or Q-switched pigment specific 
lasers are definitely appropriate and better indi-
cated to treat solar lentigines. The most used 
Q-switched laser to treat solar lentigines are the 
Nd: YAG 532  nm and the Q-switched 694  nm 
Ruby and the 755  nm alexandrite, while the 
Q-switched Nd:YAG 1064 nm is more suitable to 
treat dermal pigmented lesions.

35.5  Subsurfacing with Near-IR 
Light Sources and Skin 
Rejuvenation 
with Q-Switched, 
Submillisecond, and Long 
Pulsed Nd: YAG Laser

Non-ablative near-IR lasers have been utilized to 
improve texture, fine lines, skin pores, and very 
superficial acne scars, allowing a deeper penetra-
tion into the dermis and bypassing epidermal 
major chromophores, by selectively targeting 
water, thermally denature and shrink collagen 
(subsurfacing [42] or type II photorejuvenation 
[43]).

Various non-ablative light sources in the 
near- IR (700–2000  nm) range have been pro-
posed, as 810, 940, 1064  nm, targeting water 
and partly hemoglobins, and mainly 1320 [44], 
1450 [45], 1540 [46] nm lasers, targeting pre-
dominantly water, while the 1450 nm laser has 
gained some popularity also in acne treatment 
due to its specific absorption by sebaceous 
glands [47].

Monte Carlo complex simulations and heat 
transfer calculations were performed to optimize 
the heating and cooling parameters in order to 
reach an optimal but safe dermal stimulation 
without damaging the epidermis.

Most of these technologies for dermal type II 
or subsurface photorejuvenation have been 
replaced after the introduction of fractional pho-
tothermolysis (2004 [48]). Nevertheless, 1064 nm 
long pulsed Nd:YAG lasers are perhaps the most 
diffuse diode laser in the long pulsed domain 
(millisec), quasi-long pulsed (microsec) and 
Q-switched (nanosec) mode.

Q-switched Nd:YAG 1064 nm laser homoge-
neous irradiation of the skin has been shown to 
increase dermal thickness, the hydroxyproline 
contents, and the expression of procollagen III 
mRNA in rat skin models [49] and a bi-weekly 
treatment for 6  weeks with a Q-switched Nd: 
YAG 1064 nm laser with a 8 mm spot size and 
3.2  J/cm2 fluence produced a clinical improve-
ment of skin signs of photoaging in a blinded 
assessment study and an improvement on newly 
formed collagen and dermal structure in biopsy 
specimens [50].

Recently, a fractional version of Q-switched 
Nd: YAG 1064  nm laser has been described to 
significantly improve skin signs of photoaging 
(hyperpigmentation, telangiectasia, laxity, rough-
ness, actinic keratoses) [51]. The foundation of 
these effects could be due to the laser-induced 
focal thermo-mechanical tissue damage boosted 
by the deep penetration and relatively high water 
affinity of the near-IR 1064 wavelength in respect 
to shorter wavelengths. Less penetrating, but 
more pigment specific Q-switched 694 nm frac-
tional laser has been recently described for treat-
ment of melasma [52] and dark eye circles [53].

Water affinity and deep penetration in the 
dermis could explain also the improvement of 
skin pores and fine lines not only with long 
pulsed 1064 nm in a scanning mode, but after 
multiple passes with a submillisecond (300 
μsec) Nd: YAG 1064 nm laser, albeit the mea-
sured effects on pores size of submillisecond 
(0.3 msec) and long pulsed Nd: YAG 1064 didn’t 
statistically significantly differ in a split face 
comparison [54].

A split face comparative study proved, on a 
clinical basis, a significant reduction of pore size 
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after a combination of a single pass of a 300 μsec 
Nd:YAG 1064  nm laser at 2.3  J/cm2 after the 
application of a carbon particle suspension, fol-
lowed by multiple passes of 1064 nm Q-switched 
(5 ns) laser at 2.5 J/cm2 [55], while long pulsed 
Nd: YAG 1064  nm laser treatment after a 
Q-switched 1064 nm “carbon peel” did not add 
significant results on skin pores reduction to 
1064  nm alone in another comparative study, 
while the addition to carbon particles before a 
long pulsed Nd: YAG laser scanning can increase 
the side effects [56].

Another split face study concluded that quasi- 
long pulsed, long pulsed, and Q-switched Nd: 
YAG 1064 nm lasers, the latter with or without a 
preliminary application of a carbon suspension 
emulsion, are almost equally effective in reduc-
ing the pores size as compared to control 
untreated side [57].

35.6  Combination of Light 
Sources 
for Photorejuvenation

Multiple laser wavelengths in the visible and 
near-IR domain and various treatment protocols 
have been attempted for non-ablative skin pho-
torejuvenation, with variable degrees of success, 
depending upon the prevalent and/or privileged 
chromophores (hemoglobins, melanins, water, 
sebaceous glands), the depth of penetration, and 
the aimed results. No single technology and treat-
ment protocol can have a universal indication in 
any circumstance. When superficial red and 
brown color irregularities are the main issue, a 
visible light emitting laser or a broadband light 
source is the most suitable choice, while looking 
a better improvement of textural changes, fine 
wrinkles, and pores takes advantages from near-
 IR light sources.

In many circumstances, a combination of the 
distinctive properties of different light sources, as 
visible 532 nm and near-IR Nd: YAG laser [55, 
56], IPLs and non-ablative fractional laser 
(NAFL) [57], Q-switched Nd: YAG 1064  nm 
laser and NAFL [58] used sequentially in the 

same session, allows to plan a more refined treat-
ment. In some studies, the combination of multi-
ple light sources in sequence, with low settings, 
offers superior result than the single technologies 
used alone [59–61], with a minimal impact on 
downtime [62]. In another study, albeit not clini-
cally superior to the NAFL regimen, the combi-
nation gained a higher physician and patient 
rating [54].

35.7  Pretreatment Precautions

Regardless of the photorejuvenation laser or IPL 
protocol, the patient should be prepared to have 
the skin untanned, possibly to achieve the lighter 
possible color by application on a daily basis of a 
broad-spectrum sunscreen with a high protective 
factor one month before the procedure.

In darker skin and/or severely sun-damaged 
skin, the option of a pretreatment and posttreat-
ment with bleaching agents and auxiliary cosme-
ceuticals should be considered as an integral part 
of the treatment program, and a hidden or clini-
cally explicit melasma should be properly diag-
nosed and treated before targeting the skin with 
high energy devices.

Anesthesia is rarely required in non-ablative 
photorejuvenation, conversely unbearable pain 
should be considered a feedback indicator of 
overtreatment and potential skin damage. 
Eutectic mixture of lidocaine and prilocaine can 
be useful but an induced reduction of skin vessels 
has been documented, interfering with the out-
come of a vascular laser based treatment [63].

Risk of PIH can be reduced with a careful 
patient selection, proper device choice, and ancil-
lary treatment before laser and follow-up time.

Time scheduling of the photorejuvenation ses-
sion can be variable depending upon technology 
and treatment protocols: a minimum healing time 
of 4–6 weeks could be appropriate to provide a 
reasonable healing time: for fine lines, scars, and 
textural improvement, it is generally suggested to 
prepare the patient to better results, proportional 
to the healing process, in 6–8 months after a sin-
gle procedure (Figs. 35.1, 35.2, and 35.3).
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Fig. 35.1 Erythematous rosacea, 6 months after treatment with IPL SWT 530–750 nm

T0

Long term results on color and texture: patient treated almost yearly.
6 treatments with Nd: YAG FD 532 nm + 940 nm diode laser with scanner device and with 3 SW- IPL 530-750 nm

after 5 years after 10 years

Fig. 35.2 Progressive long-term results on color and texture in a patient treated almost once a year with vascular lasers 
in scanning mode (Nd: YAG 532 nm FD with scanner, diode 940 nm) and IPL (SWT 530–750)

35 Photorejuvenation: Concepts, Practice, Perspectives
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36.1  Introduction

In humans, unlike many animal species, the 
renewal of the hair is continuous, and it goes 
through an alternation of phases: active phase, 
involution, and rest. A total change of hair occurs 
just before birth, when the lanugo is replaced by 
new hairs, and after birth, with the differentiation 
between body hair and hair.

The cycle of hair varies depending on the 
body district. For example head hair can live 
from 2 to 4  years, and thigh hair from 20 to 
50 days. These differences cause different lengths 
of the hairs. This factor should be considered 
when epilation treatment is proposed. Hair 
growth also changes according to body districts: 
head hair grows about 0.4  mm per day while 
body hair 0.25 mm.

The hair bulb is divided into two zones: a 
lower zone that corresponds to the matrix and an 
upper one of cellular differentiation, the so-called 
“keratogenic zone.” The activity of the matrix is 
not continuous. At certain times it stops, so that 
the follicle enters stasis and many parts of it 
undergo degeneration. Subsequently, a new 
period of activity begins and these parts are 
reconstructed. It can therefore be said that the 
follicle has a cyclic activity, because it does not 
grow regularly and continuously.

The life cycle of the hair consists of four 
phases:

 1. Anagen (growth phase): It lasts from 3 to 
7  years depending on the body district. The 
base of the hair follicle begins to form the 
bulb, which gradually grows larger and covers 
the dermal papilla. During this phase, the 
bulb, recently formed and rich in nourish-
ment, is well attached to the papilla. At the 
same time, the melanocytes begin to produce 
melanin, the pigment that will give color to 
the hair (Fig. 36.1).

 2. Catagen (phase of involution): The duration 
varies from 2 to 3 weeks. During this phase, the 
cell division is stopped at the matrix level, the 
membrane surrounding the bulb thickens, and 
the dendrites of the melanocytes become con-
tracted, so that the last part of the hair becomes 
devoid of pigment. The bulb that is no longer 
fed undergoes atrophy (Figs. 36.2 and 36.3).
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Fig. 36.1 Anagen: hair 
follicles in growth 
phase. (Courtesy of  
Dr. Giorgio Annessi)

Fig. 36.2 Catagen: hair 
follicle in involution 
phase. (Courtesy of  
Dr. Giorgio Annessi)
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 3. Telogen (resting phase): It varies from 2 to 
3 months. During this period, the hair is found 
inside the hair follicle, but there are no vital 
activities (Figs. 36.4 and 36.5).

 4. Kenogen: This represents the resting phase 
(after the telogen phase and before a new ana-
gen phase) of the follicle that remains hairless 
[1–3].

36.2  Principles of Epilation

Currently, there are three ways in which light can 
destroy a hair follicle: thermal (selective photo-
thermolysis), mechanical (shock waves), and 
photochemical (through photodynamic therapy, 
which creates toxic mediators).

The principle on which most of the laser 
machines on the market for laser hair removal are 
based is that of selective photothermolysis. 
Thermolysis is a physical phenomenon intro-
duced by Anderson and Parrish in 1983. This 
phenomenon illustrates how a body, illuminated 
intensely by a beam of photons, heats up to melt. 
Consequently, the light energy transforms into 
thermal energy. The selectivity is dependent upon 
the fact that not all structures heat up in the same 
way, hence the use of specific wavelengths for a 
determined target, or chromophore (melanin, 
water, ink, etc.) to obtain a biological effect 
avoiding or minimizing complications.

Eumelanin is the chromophore for hair 
removal. It is found in the shaft of the hair, at the 
level of the dermal papilla and in the bulge region, 

Fig. 36.3 Catagen: hair 
bulb atrophy. (Courtesy 
of Dr. Giorgio Annessi)
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where there are also stem cells capable of regen-
erating the hair structure.

The bulge is an anatomical area of the hair fol-
licle, located under the insertion of the arrector 
muscle of the hair. It constitutes a reserve of stem 
cells which, once they reach the papilla, will give 
rise to a new hair at the end of each follicular 
cycle.

Anatomically, the bulge is located approxi-
mately 1.5–2  mm from the follicular ostium, 
while the bulb is located deeper (3–6  mm), 
depending on the body site. Therefore, it would 
be advisable to use laser machines that allow the 
hair bulb to be reached through a deep and selec-
tive heating of the hair shaft, the hair follicle epi-
thelium, and the matrix, in an optical window 
between 600 and 1100 nm. The greater the wave-
length, the higher the fluence (energy radiated 

per unit area) without running the risk of damag-
ing the surrounding tissues.

It is necessary to consider the melanin in the 
epidermis that acts as a competitor for absorp-
tion, thus hindering penetration up to the desired 
level.

The selective cooling of the epidermis has 
been shown to reduce epidermal damage to a 
minimum and can be obtained via a cooled gel, a 
cooled glass chamber, or a sapphire window.

Various types of lasers for hair removal are 
based on the photothermolysis mechanism: 
694  nm Ruby, 755  nm Alexandrite, 810 nm 
Diode, 1064 nm long-pulsed Nd: YAG and fil-
tered IPLs.

Furthermore, the anatomical and biological 
variables of the laser hair-removal target must be 
taken in consideration, since the hair diameter is 

Fig. 36.4 Telogen: hair 
bulb in resting phase. 
(Courtesy of Dr. Giorgio 
Annessi)
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extremely variable, as is its depth (face hairs are 
more superficial compared to the bikini line).

Diameter and depth are extremely important 
elements for choosing the application parameters 
of the various wavelengths used, such as the 
duration of the impulse and the fluency. The ana-
gen phase is the ideal phase during which to per-
form the hair-removal laser session because 
during this phase the hair is found in its period of 
growth, and the chromophore (eumelanin) is 
present in large quantities. But, not all follicles, 
even in the same body area, are in the same phase. 
This explains why the biological response may 
vary for the same patient depending on the treated 
area or between different patients in the same 

location. The reduction of the hair varies from 
70% to 90% at 6 months to 1 year after the last 
treatment [4–8].

36.3  Preparation for Treatment

It has now been shown that better results are 
obtained at sites subjected to shaving rather than 
depilation, thus demonstrating that light absorp-
tion by the pigmented shaft plays a fundamental 
role. Therefore, waxing or electrolysis should be 
avoided before laser treatments, whereas shaving 
and depilatory creams do not interfere with the 
results.

Fig. 36.5 Telogen: 
resting hair bulb. 
(Courtesy of Dr. Giorgio 
Annessi)
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If hair removal is scheduled on normally 
photo-exposed sites, sun exposure should be 
avoided before and after therapy. In cases of 
patients with dark or recently exposed skin types, 
the application of hydroquinone 3%, 0.025% 
retinoic acid, and 2% hydrocortisone creams has 
been reported in the literature. Any makeup has 
to be removed from the treatment area. In special 
cases, a thick layer of anesthetic cream can be 
applied [9].

36.4  Ruby Laser

Ruby laser uses a solid-state source. Due to the 
high absorption by melanin at 694  nm, ruby 
lasers are the most suitable for light-skinned and 
dark-haired individuals (Fitzpatrick phototype I–
III). Depending on the manufacturers, this laser 
can be supplied with a normal (free-running) 
emission mode of 0.3 ms or a long pulse of 3 ms. 
This laser, having been the first system to be used 
for hair removal, is the most described in the lit-
erature, from which emerges a better result if 
used with a long pulse (3  ms) associated with 
high fluences (60  J/cm2). Hair regrowth is at 
nearly 6 months from the first and single session. 
The sessions are held every 4–8 weeks.

Side effects may occur in patients with the 
Fitzpatrick III–V phototype, such as transient 
edema (lasting 2–5  days), hypo- and hyperpig-
mentation, blistering, purpura, and folliculitis 
that may last for several weeks. Currently, with 
the arrival of new and more efficient devices, this 
laser is no more used [10].

36.5  Alexandrite Laser

The effectiveness of the Alexandrite laser in 
removing hair from the face, arms, legs, and 
bikini line was reported for the first time in 1997 
by Finkel et al. [11] Currently, there are several 
Alexandrite long-pulsed (755 nm) lasers on the 
market. At this wavelength, the ratio between 
the energy reaching the dermis and that reach-
ing the epidermis is greater due to the greater 

depth of penetration. This device uses spots 
ranging from 5 to 20 mm in diameter and flu-
ences that reach up to 160  J/cm2 with pulse 
duration from 2 up to 50 ms (for a single pulse) 
and up to 80 ms (for a double pulse). An area of 
10 × 10 cm2 can be treated in less than 25 sec-
onds. In patients with darker complexion and 
thicker and deeper hair, it is necessary to lengthen 
the duration of the impulse to avoid side effects 
such as hypo- and hyperpigmentation.

The use of long pulses has greatly reduced the 
incidence of side effects, especially in III–V pho-
totypes. The number of treatments (from 2 to 6) 
required to obtain a good result at 12-month fol-
low- up varies based on the body area [10, 12, 13].

36.6  Diode Laser

It is among the most recently introduced lasers. 
The diode is a semiconductor which, when suitably 
excited, allows a long impulse emission of 810 nm. 
Long-term results indicate that the 810 nm diode 
laser is very effective in removing dark terminal 
hair, and is preferred in dark- skinned patients com-
pared to shorter wavelength lasers, because it 
causes fewer side effects such as post-inflamma-
tory pain and hyperpigmentation [14–16].

36.7  Nd: YAG (Neodymium-Doped 
Yttrium Aluminum Garnet) 
Laser

In this laser, the active medium consists of a crys-
tal of aluminum garnet and yttrium doped with 
neodymium; this device works at a wave fre-
quency of 1064 nm. It is considered the best solu-
tion in patients with phototype IV–VI. Having a 
longer wavelength, it allows lower epidermis 
absorption of light by melanin. Patients with skin 
types IV–VI can tolerate higher fluences with 
minimal adverse events.

The various published studies showed that 
high fluences from 50 to 100 J/cm2 were well tol-
erated and only a minimal percentage of patients 
presented vesicles that lasted for a few days.

P. L. Saraceni et al.
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It is important to emphasize that the darker the 
skin type, the higher should be the fluence used to 
obtain the destruction of the hair. This is because 
a part of the energy is absorbed by epidermal 
melanin. Therefore in individuals with fair skin, 
lower fluences are used [17–19].

36.8  Postoperative Results

While in many cases local anesthetics or analge-
sics are not required, an antiviral prophylaxis 
can be carried out where it is necessary. In case 
of vesicular lesions, it is advisable to apply a 
local antibiotic cream. If an important edema 
occurs, it is possible to prescribe a local steroid 
therapy.

In the first week, it is recommended to avoid 
sun exposure. There are no contraindications to 
wearing makeup after the treatment.

A perifollicular erythema is quite common 
after the session and its duration correlates with 
the intensity of the treatment. Epidermal damage 
occurs in those patients where fluence was too 
high for the skin type, or if they were treated after 
tanning.

Pigment alterations (hypo- and hyperpigmen-
tation) can be avoided by choosing the ideal 
patient and treating with fluences suitable for 
their phototypes. This problem is common in 
dark complexions or recently sunburned patients. 
The disappearance of freckles in the treated area 
or the lightening of tattoos can happen. Scarring 
formations are extremely rare. Cases of livedo 
reticularis and urticaria have been described and 
they regressed with local corticosteroids and 
antihistamines.

The smoke generated by the vaporization of 
the hair shaft has a typical sulfur odor and can be 
irritating to the respiratory tract. The use of an 
aerator is recommended.

In conclusion, laser hair removal has been 
extremely successful. In the future, it would be 
useful to combine lasers with different wave-
lengths and pulse durations in order to improve 
efficacy and reduce side effects.
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Biophotonic Therapy Induced 
Photobiomodulation
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37.1  Introduction

The evolving multidisciplinary field of biopho-
tonics showcases the importance of light and life. 
In addition to light powering plant cells through 
photosynthesis, a typical mammalian cell con-
tains many photosensitive molecules—chromo-
phores, capable of sensing and utilizing light to 
alter their biological processes [1]. Endogenous 
chromophores can absorb photons of light energy 
at various wavelengths and modulate biological 
systems, this is the premise of many light thera-
pies [2]. The therapeutic potential of light stems 
from ancient times and is currently utilized in an 
array of medical technologies [3]. Major advances 
in phototherapy first came with Niels Finsen 
using ultra violet (UV) light to treat tuberculosis, 
and later with the advent of the laser in the 1960s, 
following which, low-level laser/light therapy 
emerged [4]. Later renamed as photobiomodula-
tion (PBM) to include light-emitting diodes 
(LEDs) [5]. PBM is the ability of non-ionizing 
forms of light at various wavelengths to induce 
photochemical and photobiological effects [5]. It 
has a broad utility and is applied to wound heal-
ing, pain management, neurodegeneration, mus-
culoskeletal injury, inflammatory diseases, and, 

of specific interest, it is widely utilized in thera-
peutic and aesthetic dermatology [6]. PBM relies 
on quantum mechanisms whereby photons must 
be absorbed by a photoacceptor, a chromophore, 
to initiate cellular events and have a biological 
impact [7]. Following photon absorption, a chro-
mophore becomes excited and releases energy, 
either by (1) generating heat; (2) undergoing pho-
tochemistry, i.e. inducing chemical reactions; or 
(3) reemitting a photon of a longer wavelength in 
the form of fluorescence [8]. A novel biophotonic 
platform utilizing fluorescent light energy (FLE) 
to induce PBM has emerged as a highly effective 
non-invasive treatment choice in dermatology. 
Here we discuss the current mechanisms and 
effects of FLE.

37.2  The Electromagnetic 
Spectrum: The Light  
Around Us

Light is composed of elementary particles of 
energy, quantum units of electromagnetic 
 radiation—photons [9]. With particle properties 
and travelling in waves, light makes up the elec-
tromagnetic spectrum. Waves in the electromag-
netic spectrum have comparable properties 
however different wavelengths. Since the energy 
of a photon is inversely proportional to its wave-
length, at one end of the spectrum we have 
gamma waves—the shortest wavelengths and 
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highest energy per photon measured in nanome-
tres (nm) (one billionth of a metre). Conversely at 
the other extreme of the spectrum, we have radio 
waves—with wavelengths measured in kilome-
tres (Fig.  37.1). Among the broad spectrum of 
electromagnetic radiation, ‘light’ comprises the 
visible spectrum from violet/blue to near-infrared 
(NIR) [9] and offers a distinct safety advantage 
with photon energy in the range of 0.5–3 eV [10]. 
Whilst being safe, this photonic energy is capable 
of interacting with organic molecules [2].

All life on earth either directly or indirectly 
depends on light [11]. We have evolved to detect 
and respond to light in many ways. This is exem-
plified by photosynthesis—a fundamental con-
nection between light and living organisms, 
whereby many autotrophic organisms utilize 
light as an energy source for life. Cyanobacteria, 
algae and green plants contain photosynthetic 
machinery to harvest light energy and convert it 
into energy-rich biomolecules [12]. These subse-
quently become an important food energy source 
for many other organisms [13].

The ability to visually perceive the world 
around is due to the capability of specialized pho-
toreceptive cells (rods and cones). These ocular 
photoreceptors transduce photons into neural 
impulses which are interpreted by the visual cen-
tres of the cortex, creating an image [14]. In addi-
tion to visual photoreception, it is now 
understood that non-visual or non-image form-
ing photoreception occurs in many species [15]. 
In both vertebrates and invertebrates, non-visual 

photoreception regulates temporal physiology 
and many behaviours. Fireflies and jellyfish gen-
erate bioluminescence (the production and emis-
sion requiring a light-emitting molecule and an 
enzyme), and insects and birds reflect colourful 
irradiance for survival and reproduction, high-
lighting a fundamental role of light in evolution 
[2]. Additionally, light has a significant effect on 
behaviour, entraining our biological clock, i.e. 
circadian rhythm [13]. It is thought that crypto-
chromes (flavoproteins), photosensitive mole-
cules, play a role [16]. Indeed, it is emerging that 
there are various types of extra-ocular photore-
ceptors that can absorb light of various wave-
lengths and trigger a variety of molecular 
cascades, culminating in altered cellular energy 
production and gene expression [17], a signifi-
cant benefit for the energy demand of cells.

37.3  Biophotonics: The Merging 
of Photonics and Biology

The evolutionary role of light in biology is 
exploited throughout the life sciences. The real-
ization that light can manipulate photoactive 
molecules and induce biological effects has led to 
major advances in our understanding, diagnosis, 
management and treatment of disease. Moreover, 
the property of photon absorption by a photoac-
tive molecule is a fundamental feature of many 
light therapies [2]. Photonics is a niche area iden-
tifying all applications utilizing light and other 

Fig. 37.1 The electromagnetic spectrum. Light travels in 
waves with increasing wavelength and decreasing fre-
quency. The visible spectrum ranging from approximately 

400 to 760 nm makes up a small portion of the all electro-
magnetic radiation. (Adapted from Ref. [10])
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forms of radiant energy whose quantum unit is 
the photon. Recently, a new interdisciplinary 
field of biophotonics has emerged—integrating 
photonics with biology, medicine and biotech-
nology; assessing the interaction of light (of mul-
tiple sources) with tissues, cells and subcellular 
structures [18].

Multiple biophotonic platforms harnessing 
light–tissue interactions are utilized in modern 
medicine, including, but not limited to, a range of 
microscopic techniques, spectroscopy, laser sur-
gery, fluorescence endoscopy, photodynamic 
therapy (PDT) and optical coherence tomogra-
phy. These technologies traverse a range of medi-
cal disciplines. Some examples include imaging 
in cardiovascular disease, caries diagnosis in 
dentistry, oncology, ophthalmology, laser restor-
ative surgery in gastroenterology [18] and, of 
particular interest, dermatology. From here we 
focus our discussion on biophotonic applications 
in dermatology.

37.3.1  Photomedicine: 
The Therapeutic Effect 
of Light

The therapeutic importance of light spans centu-
ries with light therapy being used since ancient 
times in Greece and Egypt [3, 19]. The advent of 
modern-day phototherapy began with the Danish 
scientist Niels Ryberg Finsen—utilizing UV 
light to treat cutaneous tuberculosis, Lupus vul-
garis. He went on to win the Noble Prize in 
Physiology and Medicine (the only one to this 
day in dermatology) in 1903 for his work [19]. 
From these initial findings, others have devel-
oped UV phototherapy, including UVB and 
PUVA (psoralen and UVA), which are commonly 
applied today to treat an array of inflammatory 
skin diseases, including psoriasis, polymorphous 
light eruption, vitiligo and pruritus, among others 
[20, 21].

The next major advancement in phototherapy 
came in the early 1960s with the invention of 
laser technology [5, 11]. Laser therapy was 
applied in a variety of fields, including ophthal-
mology, dermatology and dentistry [2]. However, 

safety concerns with high-intensity lasers were 
realized and parameters were adjusted, making 
way for a new therapeutic field, first identified by 
Endre Mester. Mester demonstrated a faster rate 
of hair growth in mice treated with low dose ruby 
laser light, coining the term ‘laser biostimula-
tion’ [4, 22]. This was the beginning of a whole 
new area of phototherapy—using low-level laser 
therapy (LLLT) [22]. The important distinction is 
made here with low level, i.e. non-ionizing, such 
that the energy/power densities used are low 
compared to other forms of laser therapy, com-
mon in ablating, cutting and thermally coagulat-
ing tissue [6].

Research in LLLT originally focused on the 
modulating effects of red and near-infrared 
lasers. However, as the field progressed there was 
an understanding that non-coherent light sources 
such as light-emitting diodes (LEDs) and broad-
band light sources were also capable of stimulat-
ing or inhibiting cellular function. With this, the 
nomenclature moved from low-level laser to low- 
level laser/light therapy [8], and is now widely 
accepted as photobiomodulation [5, 23].

37.3.2  Photobiomodulation

PBM is defined as ‘A form of light therapy that 
utilizes non-ionizing forms of light sources, 
including lasers, LEDs, and broadband light, in 
the visible and infrared spectrum. It is a nonther-
mal process involving endogenous chromophores 
eliciting photophysical (i.e., linear and nonlinear) 
and photochemical events at various biological 
scales’ [5]. Early work by Mester demonstrated 
the positive application of PBM to wound healing 
[24]. Today, it has a broad utility and has been 
applied therapeutically to alleviate pain, reduce 
inflammation and oedema, promote wound heal-
ing, regenerate tissue and to treat chronic joint 
and neurological disorders [6, 23]. More recently 
PBM has been applied to both treat and enhance 
dermatological indications, with key effects 
related to healing, reducing inflammation and 
offering a non-invasive approach for photorejuve-
nation [6, 25]. Many common light/laser-based 
procedures use photothermal energy, i.e. heating 
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the dermis to stimulate fibroblast proliferation or 
heating blood vessels for photocoagulation to 
achieve their therapeutic/aesthetic outcomes. 
Some of these include intense pulsed light, visible 
wavelengths including pulsed dye laser, 532 nm 
green light (KTP laser) and various infrared wave-
lengths targeting water for dermal collagen 
remodelling [26]. Rather than evoking an initial 
thermal injury, PBM regulates cellular activity by 
stimulating cellular metabolism and modulating 
function [6]. Hence, PBM using non-thermal 
energy to achieve its outcome represents a revolu-
tionary mechanism in dermatology. Whilst the 
therapeutic role (dependent on optimal light 
parameters and dose [27]) of PBM is generally 
accepted, recent efforts in the PBM community 
have concentrated on elucidating some of the spe-
cific molecular and cellular effects [27].

37.3.3  Proposed Mechanisms 
of Photobiomodulation

Cells are continuously responding and adapting 
to their environment and can execute sophisti-
cated biochemical cascades to induce a ‘neces-
sary response’. Indeed, it is now thought that all 
life-forms respond to light [11]. Whilst photons 
delivered to living tissue can either be absorbed 
or scattered [28], the first law of photobiology 
states that for low power visible light to have any 
effect on a living biological system, the photons 
must be absorbed by electronic absorption bands 
belonging to some molecular chromophore or 
photoacceptor [22]. Most often when light is 
absorbed by living tissue, an excitation occurs, 
where the first excited singlet state of the chro-
mophore transitions from a higher to a lower 
electronic state losing heat in the process, a 
chemical event—also known as internal conver-
sion, or radiationless de-excitation as no photons 
are emitted in the process [29].

PBM exploits natural and evolutionary pre-
served pathways by acting on endogenous chro-
mophores. As mentioned, research has shown 
that photon perception occurs in non- 
photosensitive tissues and cells (i.e. extra- ocular). 
Endogenous chromophores such as flavins, por-

phyrins, melanin, carotenoids and heme can per-
ceive photons and represent the photoreactive 
sites of larger photoreceptor molecules [17]. 
Additionally, photoreceptors such as cytochrome 
c oxidase (CCO), cryptochromes, transient recep-
tor potential (TRP) channels [1, 30] and 
G-protein-coupled receptor opsin family proteins 
are widely expressed in different cell types [1, 
31], including skin cells [17, 32, 33].

Initial work on PBM identified the copper 
centres of CCO, complex IV of the mitochondrial 
electron transport as the main photoacceptor for 
visible and NIR light [34]. Irradiation with these 
specific wavelengths promotes electron trans-
port—increasing mitochondrial membrane 
potential, oxygen consumption and cellular 
energy—adenosine triphosphate (ATP) produc-
tion [35]. More recently, it has emerged that there 
are additional chromophores activated by differ-
ent regions of the spectrum [1]. Typically associ-
ated with retinal photoreception [36], 
G-protein-coupled opsins are responsive to blue 
light, expressed in the skin and proposed as a 
potential target for light therapy [33].

Additionally, ion channels such as TRP chan-
nels have been identified as another key photoac-
ceptor. Usually activated by light or heat, TRPV1 
channels have been proposed to be activated by 
blue/green light or >900 nm NIR. The blue/green 
light activation of TRP channels may be indirect 
via opsin activation—specifically melanopsin 
(OPN5). Whereby, activation of OPN5 is thought 
to open TRPV—a calcium ion channel. 
Alternatively, TRPV can be activated by NIR 
light which targets water [1]. Although there may 
be many specific pathways for photon absorp-
tion, i.e. activation of CCO or TRP channels, 
both lead to an increase in mitochondrial respira-
tion and a concomitant increase in energy pro-
duction. The increased ATP appears to be a key 
step in PBM and has been reported from both 
in vivo and in vitro studies [27, 37]. Next, it is 
thought that an upregulation of reactive oxygen 
species (ROS) is produced [1], activating redox 
sensitive transcription factors responsible for the 
regulation of inflammation, cell migration, pro-
liferation, oxygenation, vascularization and anti-
oxidant defences [27]. Specific mechanisms of 
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retrograde mitochondrial signalling are thought 
to explain how a rather brief exposure to a stimu-
lus, i.e. light, can lead to long-lasting persistent 
effects often observed in PBM [35, 38].

Initial work on PBM was dominated by coher-
ent, collimated, monochromatic beams with high 
power densities. However, in recent years non- 
coherent light sources such as LEDs have become 
preferred due to their high safety, low cost, user- 
friendliness and the ability to irradiate a large 
surface area at once [35].

37.4  What Is Fluorescent Light 
Energy?

In addition to internal conversion and the release 
of heat following the absorption of a photon, 
energy can also be emitted as lower energy light 
(i.e. longer wavelength)—through fluorescence. 
Jablonski’s diagram illustrates the electronic 
states of a molecule and the transitions between 
them [10] (Fig. 37.2). A chromophore lying in its 
ground state (S0) absorbs light, becomes excited 
and transitions to excited singlet state (S1′). The 
molecule will then transition to the relaxed sin-
glet state (S1) and release some of the absorbed 
energy. Returning to its ground state the molecule 
releases the remaining energy, as the re-emission 

of fluorescent light of a longer wavelength (lower 
energy), as per the phenomenon of Stokes shift 
(Fig. 37.2).

Fluorescent light emission—the ability to 
autofluoresce—is a naturally occurring phenom-
enon throughout the animal kingdom, ascribable 
to endogenous chromo/fluorophore [13]. Whilst 
often considered a nuisance in histochemical 
staining, interfering with the detection of positive 
labelling with exogenous markers, NADH auto-
fluorescence is now appreciated for its ability to 
offer insights into cellular activity and metabo-
lism [40, 41]. Our growing knowledge of light 
and biological interactions has led to major 
advances in research. Light sensitive tools are 
exploited for imaging with fluorescent dyes—
enabling the tracking and exploration of biologi-
cal molecules. Further, light can be used to 
control biological systems—with the advent of 
optogenetics [13].

37.4.1  Fluorescent Light Energy: 
A Unique Mechanism

A novel biophotonic platform—Kleresca® uti-
lizing FLE has recently emerged as a unique tool 
in dermatological practice. This biophotonic 
platform consists of a multi-LED lamp and a 

Fig. 37.2 The generation of fluorescence explained by 
Jablonski’s diagram and fluorescent light energy. The 
chromophore begins in its ground energy state (S0). Upon 
absorption of light energy, the molecule becomes excited 
and transitions (a) to an excited singlet state (S1′) and 
releases some energy in the process transitioning to a 
relaxed single state (S1) (b). Finally, the molecule returns 

to its ground state and releases the remaining energy in the 
form of fluorescence. This is complemented by Stokes 
shift depicted on the right, adapted from [39]. Wherein, a 
chromophore absorbs at a given wavelength and re-emits 
light of a longer wavelength as energy is lost in the 
process
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chromophore-containing gel. The multi-LED 
lamp delivers continuous non-coherent blue light 
with a peak wavelength between 440 and 460 nm 
and a fluency of 30–40 J/cm2 [42]. Upon illumi-
nation with the blue light the chromophore gel 
acts as a photoconverter, wherein the chromo-
phores absorb the photons of blue light, become 
excited and re-emit a dynamic hyper-pulsed 
multi-wavelength spectrum of FLE—polychro-
matic light (Fig. 37.3). Through Stokes shift the 
light generated by this biophotonic platform cov-
ers the continuum of the visible spectrum, with 
non-fluorescent blue (from the LED lamp), and 
fluorescent-green, -yellow, -orange and -red 
(415–610 nm) light emitted.

37.5  Light–Tissue Interaction

When interacting with tissue, light can either be 
absorbed or scattered, typically dictated by the 
tissues’ optical properties [28]. Wherein, the 
absorption of light in the skin depends on the 
composition, absorption spectra and number of 
chromophores, and the scattering depends on the 
tissue morphology and biochemistry [28, 43]. 
The skin is comprised of many different layers 
and cellular compartments, including the epider-
mis, dermis and subcutis [44]. The outermost 
layer of the epidermis, the stratum corneum 
plays a major protective role. Keratinocytes 
dominate the epidermis, where melanocytes, 
Langerhans cells and Merkel mechanoreceptive 
cells can also be found [44]. Here melanin is a 

natural light- absorbing chromophore with a 
broad absorption spectrum [28]. The dermis 
below is a major supportive layer comprised of 
key connective tissue cells, fibroblasts—the pro-
ducers of collagen and elastin fibres, giving the 
skin its strength and flexibility. Richly inner-
vated, the dermis also contains the sebaceous and 
sweat glands along with hair follicles [44]. 
Haemoglobin is the main chromophore of the 
dermis [28]. The skin is a highly heterogeneous 
structure with a high incidence of light scattering 
and absorption. In human skin, there are two 
major types of scattering—surface, defined by 
corneal layer abnormalities such as wrinkles and 
skin hydration and subsurface scattering, dictated 
by subcellular structures such as collagen fibres, 
melanosomes and cellular organelles [28]. 
Therefore, the presence of skin conditions can 
have a major effect on light absorption and scat-
tering. We must acknowledge these properties 
when we are utilizing and comparing light 
therapies.

37.5.1  Photobiological Events

In simple terms, the wavelength of light deter-
mines the depth of tissue penetration [43, 45, 46]. 
Blue light in the range of 415–500 nm (Fig. 37.1) 
has the shortest tissue penetration, reaching most 
superficial layers of the skin—the stratum 
 corneum and epidermis. Many blue light photo-
therapy devices are used to treat acne vulgaris by 
targeting endogenous porphyrins (coproporphy-

Fig. 37.3 The generation of fluorescent light energy. The 
image on the left shows the three major layers of the skin, 
from top to bottom; the epidermis, dermis and subcutis. A 
layer of chromophore-containing gel (orange layer) is 
placed on the skin and irradiated with blue light from the 

multi-LED lamp. The centre panel highlights a chromo-
phore in the gel interacting with photons of blue light. On 
the right, upon absorption of the blue light the gel acts as 
a photoconverter where the chromophores re-emit a 
dynamic multi-wavelength spectrum of fluorescent light
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rin and protoporphyrin IX) synthesized by 
Cutibacterium (formerly Propionibacterium) 
acnes. With an absorption spectrum peak at 
415  nm (the Soret band), porphyrins absorb, 
become excited and produce cytotoxic levels of 
ROS, leading to bacterial cell wall lysis and 
destruction [47]—a natural PDT effect. The 
absorption peak of porphyrins has led to the 
advent of different therapies including intense 
pulsed light, pulse dye lasers and potassium tit-
anyl phosphate (KTP) lasers [48]. Blue light is 
also thought to have an anti-inflammatory effect 
by regulating cytokine production [49].

Green light (500–570 nm) is typically used to 
target the epidermis and upper dermis to access 
fibroblasts and endothelial cells mediating pro-
liferation and healing—key elements in skin 
rejuvenation [17, 50]. Yellow light (570–590 nm) 
is indicated in wound healing by reaching the 
papillary dermal layer and is utilized in post-
laser recovery. It is also implicated in photoage-
ing through the modulation of ATP and fibroblast 
activity [46]. Finally, orange and red light  
(590–760 nm) with the deepest skin penetration 
are noted for vascular activation, reducing 
inflammation, improving wound healing and 
increasing collagen production by modulating 
pro-collagen and matrix metalloproteinases 
(MMPs) [6, 43, 46].

37.6  The Application 
of Photobiomodulation 
for Skin Rejuvenation

Many energy-based devices apply these light 
properties to treat cutaneous conditions and to 
achieve aesthetic outcomes. Skin ageing is a 
major concern in western populations with the 
key signs of ageing characterized by wrinkles, 
telangiectasia, dyspigmentation and loss of skin 
elasticity [6]. Degradation of the major structural 
component of the skin, collagen, is a key factor 
underlying both photo- and chronological ageing 
[51]. Hence, the dermal layer of the skin is a 
major target for modalities aiming to rejuvenate 
the skin. Ablative methods including laser resur-
facing with CO2 or Er:YAG lasers typically aim 

to promote dermal collagen production with 
matrix remodelling by removing the epidermis 
and inducing a form of wound healing [26]. 
Whilst the results are promising, these techniques 
are associated with a significant downtime, post- 
treatment care and often pain.

The ability of light to non-thermally and non- 
invasively photobiomodulate the skin has come 
as a welcome addition in dermatological prac-
tice. Various studies using LEDs have reported 
promising effects on skin rejuvenation, specifi-
cally enhancing collagen production without 
inducing prior damage [6]. Whilst 660 nm red 
light improves the skin texture [52], enhanced 
effectiveness is reported when 633 and 830 nm 
(infrared) wavelengths are combined [53]. FLE 
exposure offers a new method to rejuvenate the 
skin. The Kleresca® biophotonic platform dif-
fers from other LED modalities, since, in addi-
tion to the direct energy transfer from the 
blue-LED lamp, illumination of the photocon-
verter gel emits polychromatic fluorescent light 
covering the continuum of the visible spectrum. 
Therefore, in a given treatment the skin is irradi-
ated with (~415–610  nm) of light. Following 
one or more consecutive treatments within a few 
weeks, FLE significantly reduces the size of vis-
ible pores, the appearance of fine lines and wrin-
kles [54], in addition to reducing the appearance 
of scars [42, 55]. Moreover, FLE induced a 
400% increase in collagen production—
assessed by Gomori trichrome staining [54]. 
This increase in collagen production was also 
observed in vitro from human dermal fibroblast 
cells exposed to FLE [42].

To examine a specific role for fluorescence, a 
non-fluorescent mimicking lamp which 
matched the spectral output of the biophotonic 
platform has also been tested. The mimicking 
lamp emitted non-fluorescent light generated 
by a continuous LED light [42]. FLE and not 
the mimicking lamp significantly increased the 
production of collagen from human dermal 
fibroblast (HDF) cells, highlighting a unique 
role for FLE (Fig. 37.4).

This upregulation of collagen in  vivo and 
in  vitro was confirmed in preliminary experi-
ments with human skin biopsies (Fig.  37.5). 

37 Biophotonic Therapy Induced Photobiomodulation



394

Fig. 37.4 Fluorescent light enhances collagen produc-
tion from human dermal fibroblasts. Graph shows group 
data mean ± SD; fluorescent light energy and not the mim-

icking lamp significantly increased collagen production 
from human dermal fibroblast cells (depicted on the 
right). (Reproduced from Ref. [42])

a b

c d

Fig. 37.5 Fluorescent light energy enhances collagen 
expression and organization in human skin biopsies. 
Representative images of immunofluorescent staining for 
collagen 1 expression in (a) non-illuminated, (b) blue- LED 

light only and (c) LED light and Kleresca® gel exposed 
human skin biopsies. (d) Human skin biopsy 4 mm punch 
collection method
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Additionally, FLE enhanced the structural orga-
nization of the collagen fibres. Albeit these are 
preliminary experiments, requiring further 
research, upregulation of collagen and improved 
structural organization of fibres would have sig-
nificant consequences for the skin’s appearance. 
The enhanced arrangement of collagen is likely 
to have an impact on the scattering and reflection 
of light [28]—giving rise to the ‘glow’ that is 
observed clinically following FLE.  Taken 
together these effects on collagen improve the 
skin’s texture and appearance contributing to an 
antiageing effect [56, 57].

37.6.1  Treating Inflammatory Skin 
Conditions with Fluorescent 
Light Energy

The clinical efficacy of FLE extends beyond an 
aesthetic benefit with a proven ability to treat 
inflammatory skin conditions [42, 58]. 
Conventional therapies for inflammatory skin 
conditions often include high-energy treatments, 
invasive techniques, topical and frequently irri-
tating agents, or pharmacotherapy with many 
associated side effects [59]. Many phototherapies 
(light, laser and PDT) exist for the treatment of 
acne [6, 48], the most common skin condition in 
the world [60]. Blue light therapy is most com-
monly applied due to its effect on P. acnes [61]. 
To broaden the therapeutic target blue light is 
often coupled with red light therapy for deeper 
penetration and an overall anti-inflammatory 
effect [62, 63].

The Kleresca® biophotonic platform offers a 
new and improved treatment option for acne, 
including difficult to treat moderate to severe 
acne [55, 64–66]. Following a series of treat-
ments over a few weeks, FLE improves acne 
severity, inflammatory lesion count and associ-
ated erythema. In a clinical trial, 89% of patients 
had a positive response with a ≥1 Investigator’s 
Global Assessment (IGA) grade improvement 
and 52% had an IGA improvement of ≥2. Further, 
82% of treated patients had a 40% reduction of 
inflammatory acne lesions following two treat-
ments per week for 6 weeks. These effects were 

incremental over the 12-week study [64] and 
indeed persisted for at least 24 weeks following 
biophotonic treatment [65]. FLE has also been 
useful where other treatment modalities have 
been ineffective, especially in treating recalci-
trant conditions such as acneiform eruption [66], 
acne conglobata and hidradenitis suppurativa 
(acne inversa) [55].

37.6.2  Some Anti-inflammatory 
Mechanisms of Fluorescent 
Light Energy

Inflammation is fundamental to defending and 
protecting against foreign invasion. However, 
chronic inflammation has emerged as a hallmark 
feature of various pathologies, including ageing, 
obesity, neurodegeneration, diabetes and cardio-
vascular disease, among others [67]. Further, it is 
well accepted that aberrant immune responses 
underpin many dermatological indications [68]. 
Whilst there are diverse mechanisms associated 
with PBM [27], an anti-inflammatory effect is 
consistently reported [6, 27, 69].

Macrophages, key immune cells play an inte-
gral role in the innate immune response, i.e. upon 
recruitment from monocytes they can become a 
critical local source of various mediators includ-
ing MMPs, cytokines and chemokines [70], 
exaggerated levels of which are fundamental to 
many skin conditions [71]. To allow for their 
diverse functions, macrophages can alter their 
phenotype and differentiate to be pro- 
inflammatory (M1), or reparative and regenera-
tive (M2), depending on the stimuli they 
encounter in the local environment [72]. 
Additionally, it is now well established that dif-
ferentiation into M1/M2 macrophages relies on 
specific intracellular metabolic programmes. M1 
macrophages utilize glycolysis allowing for the 
rapid production of ATP fuelling their activation 
in acute inflammation, whereas M2-like macro-
phages depend on oxidative phosphorylation 
(OXPHOS) metabolism aiding long-term tissue 
repair [73]. Macrophage differentiation is com-
monly assessed by morphological and molecular 
means. M1 macrophages typically have a fried 
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egg morphology [74], express CD80 and CD86 
surface markers, secrete pro-inflammatory cyto-
kines, IL-1β, IL-6 and TNF-α and rely on gly-
colysis [75], whereas M2 macrophages are 
typically a mixed population of fried egg-shaped 
and spindle-shaped cells [74], express CD36, the 
mannose receptor CD206 and CD163, secrete 
anti-inflammatory interleukins IL-10, IL-13, 
transforming growth factor beta and rely on 
OXPHOS [75]. In preliminary experiments, FLE 
and not blue-LED exposure decreased IL-1β pro-
tein production from M1-polarized macrophages. 
In additional preliminary in  vitro work, macro-
phages derived from human monocytes display 
morphological features typical of M2-like mac-
rophages—with a spindle-like appearance 
(Fig. 37.6). Further, we have observed an increase 
in ATP production and secretion in human skin 
samples, a fundamental property of PBM—the 

cellular utility and signalling of this ATP in our 
platform are being explored.

It is tempting to speculate that FLE could 
potentially alter the cutaneous macrophage phe-
notype, polarizing these key immune cells 
towards a M2—anti-inflammatory, reparative 
phenotype. This transition is known to be a key 
step in the process of normal tissue repair [70]. 
Some groups have reported the capacity of PBM 
to alter macrophage phenotype [69]. This is an 
area we are currently investigating as it has major 
implications for an array of inflammatory disor-
ders—including and beyond the skin.

Since fibroblasts and other mesenchymal cells 
can respond to both pattern- and damage- 
associated molecular pathogens, i.e. PAMPs and 
DAMPs as well as inflammatory cytokines 
released by resident macrophages [70, 76], sub-
sequent work has focused on the interaction with 

Fig. 37.6 Macrophages and their polarization states. The 
top panel shows representative micrographs of human 
monocyte-derived macrophages. On the left—non- 
polarized M0 macrophages with a typically round and 
dispersed shape. M1-polarized macrophages (top centre) 
retain a round shape, whereas M2-polarized macrophages 

(top-left) have a mixed round and spindle-like morphol-
ogy. The bottom micrographs show M0 macrophages fol-
lowing 9 min of blue-LED exposure (left); or fluorescent 
light energy (right). FLE-exposed cells appear to have an 
M2-like morphology
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immune and cutaneous cells. Chronic skin 
inflammation is often triggered and maintained 
by the production of a variety of cytokines and 
chemokines, such as TNF-α and IL-6 [77–79]. 
Following FLE both fibroblasts and keratinocytes 
exposed to conditioned media taken from M1-like 
macrophages decreased their production of these 
two-inflammatory cytokines, supporting an over-
all anti-inflammatory response of FLE.

With the powerful resolution of inflammatory 
lesions and the booting of the skin’s healing pro-
file, the Kleresca® biophotonic platform has 
been extended to other inflammatory skin disor-
ders, and is beneficial in treating rosacea sub-
types 1, 2 and 3 [58].

37.6.3  Treating Rosacea and Beyond 
with Fluorescent Light Energy

Rosacea is typically a difficult to treat condition 
due to its multiple features and complex aetiol-
ogy [80]. Following efficient ‘trigger’ avoidance, 
a multimodal approach is often required. Major 
therapies include topical and oral treatments tar-
geting the sympathetic nervous and underlying 
inflammation. Many of these are often combined, 
for example—a first line with topical brimoni-
dine tartrate gel and calcineurin inhibitors or a 
combination of topical metronidazole or azelaic 
acid with oral tetracyclines or isotretinoin [81] is 
common. Oral/systemic treatments are well 
known for their concomitant side effects, includ-
ing gastrointestinal distress and cardiovascular 
anomalies [82]. Moreover, for certain features 
such as telangiectasia, inflammatory lesions and 
purpura, IPL and laser treatment are often given 
in conjunction. Due to the skin sensitivity associ-
ated with rosacea, many topical treatments can 
cause irritation, stinging and burning [82], often 
leading to low compliance and discontinued use, 
highlighting a need for a new therapeutic option. 
Due to the multifactorial nature of rosacea, a 
treatment option that can target more than one 
disease feature at a time is paramount, hence a 
likely candidate for FLE.

FLE is efficacious in treating rosacea subtype 
2, papulopustular rosacea (PPR) [83], a subtype 

of rosacea which is quite phenotypically like 
acne. For the investigated PPR patient, previous 
treatment with topical metronidazole and 
 ivermectin was unsuccessful. However, FLE 
reduced the inflammatory reaction and improved 
the skin’s texture [83]. Subsequently, it has been 
shown that FLE is capable of targeting the inflam-
matory and erythematous reaction also common 
to rosacea subtypes 1 and 3 [58] and granuloma-
tous rosacea [84]. The cellular anti-inflammatory 
and healing effects we have reported in  vitro 
extend to the clinical efficacy observed in rosacea 
patients.

In addition to aberrant immune responses, 
rosacea is characterized by altered vascular con-
trol [85]—potentially driven by inflammation 
and likely to contribute to the diffuse erythema-
tous reaction associated with the disease. 
Angiogenesis, a critical physiological step in 
wound healing has been reported in several 
experimental models following PBM [27]. FLE 
is capable of inducing angiogenesis in  vitro—
enhancing endothelial cell tube formation and 
encouraging branching [42], with similar results 
to the potent angiogenic mediator, vascular endo-
thelial growth factor (Fig. 37.7).

Angiogenesis is a vital step in wound repair 
enabling the transportation of oxygen and nutri-
ents. Hence, an enhanced angiogenic response 
has implications in the treatment of a variety of 
skin disorders. Taking rosacea as one example—
the ability of FLE to reduce inflammation and 
induce heathy neovasculature (Fig.  37.8) has 
consequences for ameliorating the commonly 
observed erythematous reaction.

37.6.4  How Does Fluorescent Light 
Energy Induce a Unique Form 
of Photobiomodulation?

In vivo and in vitro experiments have shown the 
capability of polychromatic FLE to enhance col-
lagen production, modulate cellular activity, 
decrease the inflammatory signature of immune 
and cutaneous cells and induce angiogenesis. 
Whilst these are common effects often reported 
with PBM [27], they are often achieved with 
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separate applications. Since FLE is polychro-
matic fluorescent light across the whole visible 
light spectrum, it allows for the penetration of 
the skin at multiple levels, accessing various bio-
logical compartments and chromophores in a 
single treatment session. With our observed clin-
ical results, it is likely we are targeting multiple 

chromophores at once. The specific targets of 
our application remain to be elucidated.

The photonic output generated upon illumina-
tion and activation of our photoconverter gel is 
very specific—in that the energy release is in a 
dynamic fashion—evidently leading to specific 
cellular effects. The term hormesis used in the 

Fig. 37.7 Fluorescent 
light energy induces 
angiogenesis. Group 
data showing FLE 
increases both tube 
formation and branching 
of human aortic 
endothelial cells 
comparable to that of the 
potent angiogenic factor, 
vascular endothelial 
growth factor (VEGF)

Fig. 37.8 Inflammation and vascularization. The image 
on the left depicts an inflamed disrupted or stressed blood 
vessel typical of rosacea. On the right, we hypothesize 

that with the resolution of inflammation healthy neovas-
cularization can be induced following FLE, leading to a 
general stress reduction in the vasculature
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PBM literature to describe a specific dose effect 
[86] springs to mind. A superior effect of dynamic 
vs. continuous light energy has previously been 
observed on collagen production [52]. The 
dynamic nature of the photonic output also comes 
from the exhaustion of the chromophore gel over 
the treatment cycle. The specific delivery of the 
FLE evokes a preferred cellular reaction in cells. 
Indeed, preliminary work with the biophotonic 
platform examined a variety of conditions. An 
intermittent exposure, i.e. 1 min of FLE followed 
by a pause and another 1 min of FLE, created a 
greater cellular collagen response than two con-
secutive minutes. Perhaps this is not surprising 
when we consider that physiological cell signal-
ling through chemical and electrical means is 
typically occurring in an intermittent fashion. 
The optimal treatment parameters of PBM is an 
ongoing area of discussion [17]. We have touched 
on some parameters here, including mono- vs. 
polychromatic irradiation, a continuous vs. 
dynamic mode, the type of light source and 
coherency. However, a rather underexplored fac-
tor—light polarization is likely to have major 
implications [22].

37.6.5  Fluorescent Light Energy: 
A Combination Treatment

LED therapy is often suggested as an adjunct ther-
apy for commonly practised more invasive proce-
dures [87]. For many dermatological indications, 
such as solar lentigines (SL), skin resurfacing and 
invasive methods with high-energy ablative lasers 
targeting melanin is the predominant treatment 
choice [88, 89]. Whilst these technologies can 
effectively achieve the desired effect, they are 
often associated with a significant downtime and 
pain. Due to the highly effective anti-inflammatory 
and healing profile of FLE, observed in two major 
inflammatory skin conditions; acne and rosacea, 
FLE has been used in combination with a laser for 
the treatment of SL [88, 90]. FLE has been used 
prior to ruby laser targeting of SL where it 
demasked and intensified the underlying SL for 
more effective targeting [90]. It has also been 
applied post picosecond laser removal of SL where 

FLE normalized, smoothened and rejuvenated the 
skin post- treatment [88]. Since FLE non-inva-
sively stimulates the skin’s own repair mecha-
nisms, it has the potential to offer adjunct support 
to an array of high-energy invasive treatments, 
both before (pre-invasive treatment), by preparing 
the skin and stimulating biological processes and 
after (post-invasive treatment), by aiding in the 
healing process.

37.7  Conclusion

Biophotonic applications are widely utilized in 
the life sciences and have led to major advances 
in the diagnosis and management of disease. 
PBM, the non-invasive modulation of cellular 
activity is a rapidly evolving biophotonic plat-
form, exploiting evolutionary mechanisms of 
light and biological interactions to treat an array 
of conditions. It has a broad application, from 
inflammatory conditions, pain management, 
neurological disorders to dentistry [69] and due 
to its non-invasive nature is a popular choice in 
cosmetic and medical dermatology. FLE repre-
sents a novel approach to PBM, by stimulating 
the skin’s own repair mechanisms. Clinically, 
the polychromatic fluorescent light reduces 
inflammation and erythema and induces a build-
up of collagen mediating a healing and de-stress-
ing of the skin. It is used as a stand-alone 
treatment for an array of inflammatory skin con-
ditions, in conjunction with other more invasive 
dermatological approaches, as well as serving an 
aesthetic benefit by rejuvenating the skin [42, 
54, 58, 65, 88]. Further elucidation of the mech-
anisms  underlying its clinical efficacy will 
unleash its full  potential—the future is bright.
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Photodynamic Therapy (PDT)

Michele Pellegrino and Emanuele Trovato

38.1  Background

The first report about photodynamic therapy 
(PDT) dates back to the early 1900s when the 
graduate student Oscar Raab, operating at the 
Institute of Pharmacology of the University of 
Munich, noted that the colonies of Paramecium 
Caudatum died faster when exposed to light in 
the presence of an organic photosensitizer such 
as acridine orange. A few years later, in 1904, 
Von Tappeiner coined the term “photodynamic 
reaction” after observing that the process of 
destruction of protozoa was due to an oxygen- 
dependent photochemical reaction emitting a 
characteristic fluorescence. The following year, 
the same author demonstrated how the irradiation 
with artificial light after application of a 5% solu-
tion of eosin could be useful in the treatment of 
non-melanoma skin cancers (NMSCs). However, 
it is necessary to wait another 40 years to get the 
first scientific data on the sensitizing photoagents 
that we use today. In fact, it is only in 1948 that 
Figge et  al. succeeded in demonstrating that 
hematoporphyrin could selectively concentrate in 
some tissues such as neoplastic, traumatized, and 
embryonic ones. After another 30  years, 
Dougherty et  al. reported the effectiveness of 
irradiation with artificial light in the presence of 

hematoporphyrin derivatives in the treatment of 
malignant skin lesions. Finally, in 1990 Kennedy 
and her group introduce a new photosensitizer: 
5-aminolevulinic acid. Since then there have 
been a long series of scientific works to demon-
strate the effectiveness of this sensitizing photo-
sensitizer, especially in the treatment of actinic 
keratosis and NMSC [1, 2]. The good results 
obtained have prompted researchers to look for 
different uses. The literature has in fact been 
enriched with works in which PDT is success-
fully used in acne, psoriasis, sarcoidosis, genital 
warts, vulgar warts, etc.

38.2  Physical Bases of PDT

The mechanism that underlies the action of pho-
todynamic therapy is closely linked to a specific 
process of absorption of certain wavelengths of 
the incident radiation by a photosensitizing mol-
ecule. This is essentially conditioned by the pen-
etration capacity of the incident radiation and by 
the characteristics of the photosensitizing mole-
cule. The penetration of the incident radiation 
into the skin is a complex phenomenon character-
ized by three parallel events:

• the reflection of the photons incident on the 
surface that affects no more than 10% of the 
incident radiation and is within certain limits 
independent of the wavelength.
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• scattering (scattering or simply deflecting the 
light beam) that is closely related to the parti-
cle size with which the photons interact (if the 
particles encountered are smaller than those of 
the incident wavelengths, the scattering varies 
inversely proportional to the fourth wave-
length power) (Fig. 38.1).

• the absorption of photons: a selective process 
determined by the interaction of chromophore 
molecules with radiations of precise wave-
length ranges [3].

As a consequence of these events, it can be 
assured that the penetration of a radiation grows 
up with the increase of its wavelength due to the 
reduction of the scattering and of the absorption. 
In fact, it is possible to identify a spectral range 

between 600 and 900  nm where the maximum 
“transparency” of the biological tissues is 
obtained with a deep penetration (>1 mm) of the 
light radiation [4].

38.3  Chemical Bases of PDT

The initial event of the photochemical reaction is 
represented by the absorption of a light photon by 
the photosensitizing molecule which, in the 
absence of light, is in the so-called “basal or fun-
damental state.” In particular, if the electrons are 
housed in the low-energy orbitals and have oppo-
site spin, it is configured as the “baseline state of 
singlet” but if it is configured they have parallel 
spins the “triplet basal state.” The absorption of a 
photon of energy by a photosensitizing molecule 
determines the transition of an electron from a 
low-energy orbital (ground state) to a higher 
energy orbital (excited state) without spin change 
(excited singlet state or triplet). The molecule, 
after having absorbed a photon of energy, in the 
excited state, results in a condition of instability 
and quickly returns to the fundamental state with 
energy dissipation (Fig.  38.2) If the energy re- 
emission takes place directly from an excited sin-
glet state to a fundamental singlet, we have the 
fluorescence phenomenon. If the electron under-
goes a change in the state of spin (intersystem 
crossing) and passes to an excited triplet state 
before re-emitting energy, the phenomenon takes 
the name of phosphorescence. Both in the case of 
fluorescence and phosphorescence, the energy of 
the re-emitted radiation is lower than that of 
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Fig. 38.1 Scattering: refraction of the incoming light 
throughout the dermis
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Fig. 38.2 Passage of the electron in excited state on the 
external orbithetal after energy absorption and subsequent 
return to ground state after release of energy. This leads to 

the formation of ROS that mediate the mechanism of 
action of PDT
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absorbed one (vibrational relaxation). In some 
cases, the absorption of a photon of energy can 
cause a process of inversion of the electronic spin 
with consequent passage from the excited state of 
singlet to the excited state of triplet. In any case, 
the molecule, in order to return to the fundamen-
tal state, must yield excess energy to accepting 
molecules such as those of oxygen that are trans-
formed into a singlet state [5].

Photodynamic therapy is mediated by oxygen- 
dependent photochemical reactions that lead to 
the formation of highly reactive oxygen species 
such as the superoxide anion, which in turn may 
originate other agents such as hydrogen peroxide 
and the hydroxyl radical. It also leads to the for-
mation of singlet oxygen capable of initiating 
that cascade of events that carry out to the 
destruction of the cells. Because of its extreme 
reactivity, singlet oxygen, before returning to the 
ground state, has a short survival in the cellular 
environment and a limited diffusivity within the 
tissue (radius of about 10–20 nm). Therefore, the 
close proximity of the target cells to the singlet 
oxygen is of fundamental importance in inducing 
cell death by necrosis or apoptosis. Given this 
and the fact that the “normal” tissue does not 
accumulate photosensitizers, it is possible to 
understand why normal tissues are not damaged 
by exposure to PDT.  Furthermore, most of the 
photosensitizers used or tested for PDT are not 
able to penetrate the nucleus, avoiding the risk of 
DNA damage, with possible mutagenesis and 
carcinogenesis [6, 7].

38.4  Irradiance

Several light sources have been used in the 
PDT. In any case, the fundamental characteristics 
are the irradiance (or speed of fluence) expressed 
in mW/cm2 and the dose (or fluence) expressed in 
J/cm2 and calculated by multiplying the irradi-
ance for the irradiation time measured in seconds. 
It seems that all the sources used are sufficiently 
effective but at the same dose sources with lower 
irradiance cause more damage than the higher 
ones. The reason for this lies in the fact that the 
oxygen concentration (cardinal element of the 

PDT) decreases during irradiation (it is con-
sumed), and the decrease is greater at higher irra-
diations. Therefore, by using low fluency rates 
this decrease can be made less rapid [8].

38.5  Photosensitizers (PS)

In recent years, a considerable research activity 
has been developed towards to the synthesis and 
experimentation of new photosensitizing mole-
cules that foresee the systemic use or topical 
application. Among these, 5-aminolevulinic acid 
(5-ALA) and its methyl ester (methyl-ALA) rep-
resent and remain the best known, most studied, 
and widespread. As it is known, ALA does not 
show intrinsic photosensitizing abilities, but rep-
resents a hydrophilic precursor in the metabolic 
synthesis pathway of the heme. This pathway 
leads from succinyl CoA and glycine through 
several intermediates to PPIX and finally to 
heme. When exogenous ALA is added to the sys-
tem, PPIX accumulates in the cells since the final 
enzyme (ferrochelatase) is then rate-limiting [9]. 
The accumulated excess of PPIX generates ROS 
after illumination leading to apoptosis and necro-
sis of targeted tissue. The 5-ALA molecule is 
small enough to penetrate the skin barrier and can 
accumulate within pilosebaceous units and 
hyperproliferative keratinocytes compared to 
normal skin, making the treatment selective. 
Moreover, in many cutaneous pathologic lesions, 
the barrier function of the stratum corneum is 
compromised, so this further increases the selec-
tive penetration of ALA. An additional advantage 
is that PPIX is metabolized in 48  h, which 
excludes the possibility of prolonged phototoxic-
ity [10, 11]. The clinical success of PDT is closely 
linked to the achievement of a threshold concen-
tration of ALA, following topical administration, 
so as to induce therapeutic levels of PpIX within 
“abnormal” cells. Failure to achieve this thresh-
old concentration results in a poor accumulation 
of protoporphyrin IX, so that subsequent irradia-
tion of the target cells does not produce sufficient 
singlet oxygen, necessary to successfully 
 eradicate the lesion. Another frequently used PS 
is methyl aminolevulinate (MAL), an esterified 
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form of ALA, with more lipophilic properties, 
allowing for deeper penetration into the skin 
compared to ALA.  A relatively new product is 
the porphyrin-based PS called hematoporphyrin 
mono-methyl ether (HMME, Hemoporphyrin). 
Hemoporphyrin has shown strong photodynamic 
effects, and hemoporfin-based PDT induces sig-
nificant cell death with lower toxicity and a 
shorter-term skin phototoxicity, compared with a 
previous photosensitizer with similar structure 
called Photofrin [12].

38.6  Light Sources

The absorption spectrum of PPIX is maximally 
activated at 410  nm with significantly lower 
peaks at 505, 540, 580, and 635 nm, so many dif-
ferent light sources can be used in PDT, including 
broad-spectrum continuous-wave light sources or 
lamps (white, blue, red, or green light), lasers, 
intense pulsed light sources (IPL), filtered xenon 
arc lamps, metal halide or fluorescent lamps, and 
more recently light emitting diodes (LED). 
Currently, a new trend has emerged towards the 
use of daylight as a light source (both at home 
and under clinical monitoring) termed daylight 
PDT (dPDT). Daylight is the combination of 
direct and diffuse sunlight that predominates out-
doors during the daylight hours. The idea that all 
PPIX absorption peaks are within the visual 
spectrum of daylight led to the use of dPDT with 
many benefits to patients in terms of convenience 
and reduced pain. This simplified method is 
effective as the red or blue wavelengths required 
to activate porphyrins are present in daylight 
[13]. Following pretreatment (e.g., abrasion or 
superficial curettage), the photosensitizer (MAL) 
is applied for 30  min [14]. Occlusion is not 
required [15]. Sunscreen without physical block-
ing filters is essential to protect exposed areas 
from ultraviolet damage [15]. The PpIX light 
dose must be equal to or greater than 8 J cm—2 
with an ambient temperature exceeding 
10 °C. Daylight PDT therefore remains suitable 
for use at higher latitudes, with seasonal limita-
tion [16]. Patients are exposed to 2 h of daylight 
and must avoid sunlight for the remainder of the 

24 h period [15]. Decreased pain and better toler-
ance compared to conventional PDT (cPDT) 
results from lower intensity continuous produc-
tion of PpIX [17]. Similar or greater efficacy than 
cPDT has been reported in several international 
randomized studies [13–18]. Since the power 
density of sunlight is much lower than artificial 
red light sources used in the clinics, the overall 
treatment takes much longer, but the patients are 
compensated by much less pain.

38.7  Clinical Applications

PDT is a widely approved therapy in dermatol-
ogy. Many applications have been evaluated, 
including both cosmetic and clinical indications. 
The recommendations contained in the European 
dermatology forum guidelines on topical PDT 
[14], including actinic keratosis, acne, viral 
warts, photo-rejuvenation, psoriasis, hypertro-
phic and keloid scars.

38.7.1  Actinic Keratosis (AK)

Actinic keratoses (AKs) are frequently caused by 
long-term sun exposure and are considered to be 
precursor lesions that can go on to develop into 
invasive squamous cell carcinoma. AKs respond 
well to PDT.  Efficacy, cosmetic outcome, and 
patient overall satisfaction with MAL-PDT were 
reported to be superior in comparison with diclof-
enac [18]. It has proved to be effective for lesions 
of the face, scalp, and extremities. PDT has also 
been shown to be an efficient and well-tolerated 
treatment modality for AKs in immunosup-
pressed patients [19]. Researchers have made a 
variety of efforts to improve the efficacy of PDT 
against AKs. Pulsed lasers that create micro- 
channels may facilitate ALA delivery, thus 
improving PDT response [20]. PDT is generally 
preferred as a treatment modality for AKs verses 
other competing treatments because of its 
improved cosmetic effects. In the most recent 
expert consensus, dPDT has been positioned as a 
valuable option for patients with multiple AKs in 
small or large fields [21] (Fig. 38.3).
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38.7.2  Basal Cell Carcinoma (BCC)

PDT is an established treatment for superficial 
BCC, but is not indicated for the more aggressive 
basosquamous, nodular, morpheic, or infiltrating 
subtypes [22]. Improved clinical outcomes were 
found with repeated PDT cycles for primary 
superficial BCC in a recent systematic review 
(pooled complete tumor response increase from 
75.6 to 79%) [23]. Sustained complete lesion 
response rates at 5 years for surgical excision of 
nodular BCC compared to MAL-PDT were 
reported in a later randomized study (96% vs. 
76%, respectively). PDT gave consistently better 
cosmetic outcomes [24]. Long-term recurrence 
may limit the use of PDT for nodular BCC, 
although it may be suitable for cases where 
 surgical excision is not appropriate. Greater fre-
quency of recurrence is observed for more 
aggressive BCCs, which may be due to genetic 

mutations conferring resistance to apoptosis. 
Aggressive subtypes often occur on the face and 
PDT should therefore be used with caution for 
facial tumors [22]. The limited penetration of 
photosensitizers (1–2  mm) reduces the efficacy 
of PDT in thicker tumors. No association has 
been found between superficial BCC tumor 
thickness (up to 1  mm) and PDT failure [25]. 
Deep curettage prior to PDT may be beneficial 
for selected tumors, with cosmetic results main-
tained [26]. Dimethylsulfoxide (DMSO), which 
alters the intercellular lipid structure of the stra-
tum corneum, has also been used as a pretreat-
ment penetration enhancer [27]. Favorable 
10-year response rates of 75% for primary small 
BCC have been achieved with curettage and 
DMSO pretreatment using ALA-PDT for one or 
two sessions [28]. Intralesional ALA and light 
source application showed promising results in a 
small prospective study of 20 patients with nodu-

Fig. 38.3 From the left: patient with AKs of the arms; in the middle, after application of 5-ALA for 2 h; on the right, 
under exposure with red light for 20 min
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lar BCC, with no clinical recurrence observed 
(mean follow-up 19.5 months) [29]. Pretreatment 
of nodular facial BCC with an ablative fractional 
laser is not currently recommended as an adjunc-
tive therapy [30].

38.7.3  Acne and Acne Scarring

PDT has been widely used as a treatment modal-
ity for the most common (and one of the most dis-
tressing) dermatologic disorders, acne vulgaris. It 
is considered safe and effective for both inflam-
matory and non-inflammatory acne lesions and 
can improve the severity of lesions from mild to 
severe [31]. Blue light is the most potent wave-
length for activation of the endogenous porphyrin 
components of Propionibacterium acnes because 
the 407–420  nm band possesses the highest 
absorption coefficient in the porphyrin spectrum 
[32]. However, blue light has a poor depth of pen-
etration into the skin (limited to only approxi-
mately 1  mm) while red light can penetrate to 
about 3 mm. The selective destruction of the seba-
ceous gland unit and eradication of P. acnes are 
thought to be the mechanisms of action of PDT in 
acne [33]. The rise in antibiotic-resistant strains of 
P. acnes makes alternative therapies mandatory. 
The main advantages of PDT for acne are its 
excellent results despite low invasiveness, espe-
cially in patients who have not responded to topi-
cal therapy and oral antibiotics and are not good 
candidates for isotretinoin [34]. Acne scarring is a 
common complication of acne and is both disfig-
uring and challenging despite various currently 
available treatments. One single-center, double-
blinded, randomized, pilot study (n = 6) used 20% 
ALA or vehicle solution alone to either the right 
or left side of the face for a 60-min incubation fol-
lowed by 417 nm blue light after full- face treat-
ment with microdermabrasion, and showed 80% 
of patients displayed a greater improvement in 
scarring on the ALA-treated side after five ses-
sions [35]. However, further studies are needed to 
confirm the efficacy of this treatment.

38.7.4  Viral Warts

Warts consist of benign cutaneous hyperprolifer-
ative lesions resulting from infection with human 
papilloma viruses (HPV). The treatment of warts 
poses a therapeutic challenge; warts that are 
recalcitrant to therapy and recurrent warts remain 
a problem. MAL-PDT with red light showed 
60% and 100% clearance after the first and sec-
ond session respectively with mild complications 
[36]. Combination therapy using a superpulsed 
carbon dioxide (CO2) laser together with ALA- 
PDT in patients with recalcitrant flat facial warts 
was reported [37]. PDT is a treatment that offers 
good results in the treatment of viral warts, espe-
cially for those patients who are resistant to rou-
tine treatment.

38.7.5  Skin Rejuvenation

Clinical observations have shown that PDT is 
associated with high level of improvement in 
the signs of photo-aging such as fine lines, wrin-
kles, dyspigmentation, sallowness, roughness, 
and telangiectasia, with the superior efficacy of 
microneedling-assisted PDT compared to MAL- 
PDT alone on fine lines at day 30. At day 90, 
facial erythema and coarse wrinkles also 
improved in the microneedling-assisted PDT 
side of the face, in addition to fine lines for the 
MAL- PDT side. Side effects were more com-
mon and intense on the microneedling-assisted 
PDT side [38]. It has been demonstrated that the 
stratum corneum hydration, elasticity, and 
thickness increased, whereas the trans-epider-
mal water loss and melanin index value 
decreased with superior changes in patients 
treated with the red light-PDT.  Lateral perior-
bital wrinkles treated with PDT showed better 
results than Nd-YAG without serious adverse 
effects. PDT can both rejuvenate their skin and 
also treat their visible or incipient UV-induced 
lesions, which shows excellent efficacy and tol-
erability [39].
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38.7.6  Psoriasis

A large number of studies are devoted to the 
treatment of psoriasis with PDT. Initial research 
showed that PDT might be helpful, but later stud-
ies could not confirm these expectations [40]. A 
systematic review and meta-analysis searched 
Medline, Embase, and Cochrane databases dur-
ing the period of January 1980 to June 2012, 
including 765 studies, and found that the pooled 
effect estimate of the efficacy of topical PUVA, 
targeted UVB and PDT were 77%, 61%, and 
22%, respectively. PDT has high percentage of 
side effects in treating localized psoriasis [41]. 
Moreover, another systematic review disclosed 
that topical ALA-PDT failed to demonstrate a 
consistent, efficacious response and frequently 
suffered from intolerable adverse reactions 
(severe pain and burning sensations) [42]. Current 
evidence of PDT remains unclear for psoriasis 
with disappointing efficacy and unwanted side 
effects.

38.7.7  Localized Scleroderma

Localized scleroderma is a cutaneous fibrotic dis-
order, characterized by increased dermal colla-
gen accumulation. PDT has been tested in five 
patients with localized scleroderma with a good 
response [43]. In these patients, the sclerosis was 
found to have regressed significantly following a 
course of treatment that lasted between 3 and 
6 months. This finding attracted great interest, as 
the direct effect of PDT cannot completely reach 
the layers of dermis where the pathological 
changes occur in scleroderma. It was hypothe-
sized that PDT may influence dermal fibroblasts 
into producing increased amounts of collagen- 
degrading matrix-metalloproteinase (MMP1 and 
MMP3) [44].

38.7.8  Keloids

This mechanism may also be used to explain the 
recent findings of PDT for treatment of keloid 
disease. Keloids are a type of scar formed from 

fibroproliferative dermal tissue characterized by 
the excessive proliferation of fibroblasts. A clini-
cal study used MAL and red light (37 J/cm2) to 
treat keloids with PDT once per week for 
3 weeks. They found that blood flow, collagen, 
and hemoglobin levels significantly decreased 
from week 1 to 3 and pliability increased signifi-
cantly (p = 0.001). Only one out of the 20 treated 
patients experienced recurrence. All other 
patients had no recurrence at 9-month follow-up 
[45]. Larger studies are needed to confirm the 
efficacy of PDT for this condition.

38.7.9  Port-Wine Stains

Port-wine stains (PWS) are common congenital 
and progressive vascular lesions appearing 
mainly on the face and neck that can represent a 
serious disfigurement. Pulsed-dye laser (PDL) is 
the current standard treatment for PWS. However, 
about 20% of PWS are resistant to PDL [46]. 
Vascular-targeted PDT with an intravenous injec-
tion of a hematoporphyrin derivative followed 
after a short time by irradiation might be an alter-
native for the treatment of PWS.  The overall 
response rate of PDT seems to be superior to 
PDL for purple lesions (93.0% vs. 75.6%), 
whereas the pigmentation and scar formation in 
PDT were lower [47].

38.8  Future Strategies

New strategies for improving the efficacy and 
tolerability of PDT are under continuous devel-
opment. Several classes of novel photosensitiz-
ers, for example fullerenes and phenothiazines, 
have been proposed [48]. The potential of low 
dose lipophilic hexyl-5-aminolaevulinate (HAL) 
0.2% to provide deeper penetration was investi-
gated in comparison to MAL-PDT in a random-
ized pilot study [49]. Better uptake and targeting 
of photosensitizers may be achieved in the 
future, using novel delivery systems such as 
nanoparticles, micelles, or liposomes [48]. The 
use of alternative light sources to decrease pain 
is also being investigated. For example, light 
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emitting diode (LED) delivers low irradiance 
and has shown good efficacy for treating Bowen 
disease, superficial BCC, and AKs in prelimi-
nary studies [50–51]. Outcomes for pain control 
have been variable and the true benefit is yet to 
be determined. LED is lightweight and suitable 
for ambulatory PDT, which may provide greater 
convenience for patients [50]. New indications 
for PDT currently under exploration include 
cutaneous infections, inflammatory dermatoses, 
cutaneous T-cell lymphoma, and extra-mam-
mary Paget’s disease [14].
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Temporary Dressing

Andrea De Pascalis, Linda Tognetti, 
and Roberto Perotti

39.1  Background

The incidence of chronic wounds is increasing 
worldwide due to the phenomenon of popula-
tion aging, with consequent growing costs for 
the healthcare systems. Moreover, the efficacy 
of chronic wound management is affected by 
the subjectivity of the healing process and the 
patient variability. As an example, chronic 
wounds have a prevalence rate of about 2% in 
US population and the average cost to heal a 
wound is $3927 [1, 2].

The healing process of a wound develops 
through four consequent phases: hemostasis, 
inflammation, proliferation, and remodeling. 
Dysregulation of any of these phases will cause a 
delay in the healing process, leading after a conven-
tional period of 12 weeks to a chronic wound [3].

Patients with chronic wounds usually present 
underlying local or systemic conditions such as 
autoimmune diseases, diabetes, prolonged 

immobility, and infections that interfere with 
the physiological healing process [4]. The result 
is a wound environment very rich in cytokines 
that prolong the inflammatory phase, by recruit-
ing polymorphonuclear neutrophils. The chro-
nicity of a wound is a complex and not yet 
completely understood process that involve 
matrix metallo-proteinases (MMPs) or 
neutrophil- derived enzymes responsible for cel-
lular dysfunction and host tissue damage [5, 6].

In this situation, advanced treatment strategies 
are essential to reduce the social and economic 
impact of non-healing wounds.

39.2  Classification of Wound 
Dressing

Currently, skin wound dressings are classified as 
temporary dressings and permanent engineered 
skin substitutes [7, 8].

The temporary ones, this chapter is about, 
should provide an optimal moisture control and 
protection from infections until wound closure, 
while skin substitutes are expected to integrate 
with the host skin and accelerate the regeneration 
process. However, since re-epithelization is 
impaired by slow vascularization, temporary 
dressings can include bioactive compounds, such 
as growth factors or antimicrobial agents for 
topic delivery, and for this reason they are also 
called “advanced dressings” [9].
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On the other side, skin substitutes are tailored 
in terms of porosity and biodegradability to act as 
better scaffolds for cell migration, adhesion, and 
proliferation in order to provide wound’s tissue 
regeneration and reduce scarring [10].

The ideal wound dressing should possess the 
ability to remove excess exudate but maintaining 
a humid environment, must protect the wound 
with antimicrobial properties, allows oxygen 
exchange, thus ensuring an optimal microenvi-
ronment to accelerate the healing process, and 
must have easy removal from the wound site and 
non-anaphylactic characteristics [7].

39.3  Selection of Wound Dressing

Since there are many commercial products in the 
dressing market, a thorough wound assessment is 
critical for proper dressing selection. The first 
aspects of a wound to be considered are its etiol-
ogy, depth, and the TIME evaluation. Then, 
patient systemic factors should be examined. 
After the first local assessment of the wound 
including the points repotyed in Table  39.1, a 
subsequent periodic reassessment is mandatory 
to estimate the physiological evolution of the 
lesion and/or response to therapy.

Wound etiology. The commonest wounds are 
traumatic lacerations and surgical incisions, 
which are often closed primarily and therefore 
usually do not require specific dressings. In com-
parison, chronic ulcers caused by neuropathy or 
pressure, or vascular insufficiency, are more 
complex and demand an optimal care with appro-
priate dressings over a prolonged period of time. 
Burns are a separate subset of wounds with spe-
cific management strategies.

Wound depth. The depth of wound determines 
the structures involved, whether that is skin alone 
or extends through to muscle or bone. Patient- 
specific factors include allergies as well as 
comorbidities, such as diabetes mellitus, concur-
rent radiotherapy, smoking status or malnutrition, 
and medications, such as corticosteroids, all of 
which delay wound healing and exacerbate the 
risk of infection [11].

TIME assessment. The most common wound 
assessment method is reassumed under the acro-
nym TIME, i.e., Tissue, Infection, Moisture, 
Edges [12]. The wound bed can present different 
types of tissue, such as necrosis, fibrin, or slough 
which needs removing or granulation tissue 
which has to be promoted with a stimulation 
dressing. Infection, suggested by heat, erythema, 
pain, edema, or odor may require antibiotics or 
at least an antimicrobial dressing. Assessment 
and consequent management of exudates and 
moisture is a key point [13]. It has been known 
for many decades that a moist environment is 
highly beneficial to healing wounds, as moisture 
increases the rate of epithelialization. However, 
too moisture can lead to maceration, secondary 
infection, and wound breakdown. Edges of 
wound, at last, can be rolled, thickened, 
 undermined or can be callused, which slows the 
wound’s closure and have to be treated 
appropriately.

39.4  Type of Temporary Wound 
Dressing

In addition, wound dressings can be classified by 
type, and each type of dressing can have one or 
more specific functions. Here below are described 
the most commonly used items.

Table 39.1 Overview of key elements to be evaluated in 
a wound at first time to achieve proper dressing selection

Elements Description
Ulcer Size and location
Wound bed, tissue Characteristics
Stage Inflammatory/granulating/

re-epithelization phase
Exudate Amount/type
Contamination Level of bacteria and/or 

topical infection
Pain Presence/absence and/or 

quantification
Odor Presence/absence and/or 

quantification
Peri-wound and 
surrounding skin

Evaluation

Patient Tolerance and/or preference 
of a given dressing

Feasibility Ease of application/removal 
of a given dressing

Costs Cost/availability of a given 
dressing

A. De Pascalis et al.
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Gauzes. Cotton gauze dressings are the most 
simple and cheap type of wound dressing, and 
have been the standard of care for decades [14]. 
They can absorb a good amount of exudates, but 
drying out, they may adhere to the wound surface 
and cause pain upon removal. In order to improve 
their properties, gauzes could be impregnated 
with paraffin to reduce adherence or with other 
substances, such as iodine, to achieve antimicro-
bial properties (Fig. 39.1a). Low-adherent dress-
ings are good to cover shallow open wounds, 
maintaining a moist environment and preventing 
bacterial contamination, if they contain antisep-
tics [11].

Transparent film dressings. Transparent film 
dressings are adhesive and semi-permeable 
dressings made of materials blended with 
hydrogel, like polyurethane (Fig.  39.1b) [15]. 
They allow water vapor passage through the 
dressing, but maintain a moist environment and 
prevent secondary infection. Because they are 
transparent and allow direct observation, they 
are often used to cover surgical sites; moreover, 
monitoring the wound can reduce the number 
of dressing changes. They have not absorptive 
power, so any kind of exudate will collect under 
the film leading to wound maceration. For this 
reason, they are indicated for minimally exuda-
tive wounds as a primary dressing. However, 
polyurethane films are very easy to apply to dif-
ficult areas, such as joints, and can be used to 
fix other dressings in direct contact with the 
wound [16].

Hydrocolloids. Hydrocolloid dressings are 
soft pads made by protein (e.g., pectin) and 
highly absorbent polysaccharides (e.g., sodium 
carboxymethylcellulose) that absorb exudates in 
order to become gelatinous (Fig.  39.1c). This 
makes hydrocolloid dressings low-adherent and 
provide a moist environment, where autolytic 
debridement is promoted [17]. However, the 
dressing cannot hold a large amount of exudate 
and need frequent changes to avoid maceration 
[18]. The properties of hydrocolloids make them 
useful for pressure ulcers. Indeed, various for-
mats of dressings are available on the market, 
suitable for the various anatomical sites involved 
(e.g., sacrum, heel) [19].

Alginates. Obtained from processed seaweed, 
calcium alginate, calcium–sodium alginate, col-
lagen–alginate, and gelatin–alginate are highly 
absorbent natural fiber dressings (Fig.  39.1d) 
[20]. Alginate can absorb exudates up to 20 times 
its weight, becoming a hydrophilic gel, and thus 
providing a moist wound healing environment. 
Calcium alginate dressings are therefore an 
excellent choice for moderate to highly exudative 
wounds [21]. Usefully, the dressing has hemo-
static properties, so it is also effective in bleeding 
wounds. Different other alginate-based dressings 
were obtained in combination with antimicrobial 
components, like silver.

Long ribbon-type calcium alginate dressings 
can be useful to pack deeper wounds and sinuses, 
allowing effective exudate absorption. Because 
calcium alginate dressings are very porous and 
do not usually have an adhesive component, it 
requires a fixation and protection secondary 
dressing [22]. Alginate can cause a foreign-body 
reaction within wounds when the dressing is not 
fully broken down and resorbed, like when it is 
used on a too dry wound [23].

Hydrogels. Hydrogels are available as sheets, 
saturated gauze, or gels, and have a large use as 
wound dressings [24]. A hydrogel can be defined 
as a three-dimensional network of natural or syn-
thetic hydrophilic polymers, with physical or 
chemical cross-linking. Hydrogels are capable of 
absorbing large volumes of water because of the 
presence of hydrophilic chains, but also to release 
water in a reversible manner in response to physi-
ological stimuli [25]. The cross-linked structure 
provides them mechanical stability and durability 
at use leading to less frequent dressing changes 
[26]. These properties enable hydrogels to func-
tion as moist absorbent wound dressings. They 
can be used on dry, sloughy, or necrotic wounds 
to achieve a good debridement, but usually need 
a secondary dressing to hold it close against the 
wound bed. They also assist in providing a moist 
environment to dehydrated tissue to prevent them 
from desiccation (e.g., exposed tendons) and 
absorb exudates from wounds [27]. The physical 
characteristics and mechanical properties of 
hydrogels can be modulated by changing pH, 
ionic strength, and temperature of gelation. 
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Hydrogels can have also antimicrobial applica-
tions. A handful of silver-impregnated hydrogels 
are available on the market, like a carboxymethyl 
cellulose hydrogel reinforced by a non-woven 
fabric to obtain a hydrofiber [28].

Foams. Foam dressings have a bilaminar or 
multilayer structure of polyurethane sheets 
with hydrophilic properties. They generally 
have an external film of silicon which allows 
some humidity to escape, but prevents signifi-
cant exudate outflow and protects from wound 
contamination. That is a category of dressing 

with very wide-ranging fluid-handling proper-
ties. Indeed, foams are used to absorb wound 
exudates, preventing excessive moisture. 
However, they are not recommended for heav-
ily exudative wounds due to a lack of adherence 
to the wound bed [29]. Foam dressings can 
avoid exposure of the skin to constant pressure, 
so they have been recommended as a new alter-
native for conventional dressings to prevent 
pressure ulcers [30]. These dressings are useful 
but have a higher cost than many other dressing 
types (Fig. 39.2a).

a b

c d

Fig. 39.1 Gauze impregnated with paraffin (a), transparent polyurethane film (b), hydrocolloid pad (c), and calcium 
alginate sheet (d)
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Honey. The efficacy of honey, produced by 
honeybees (Apis mellifera), in treating various 
types of wounds, including chronic ulcers, has 
been known for centuries. The pharmacological 
activities of honey relevant for wound healing 
include antimicrobial, deodorizing, debriding, 
osmotic, anti-inflammatory, and antioxidant 
actions [31]. Various studies have demonstrated 
the antimicrobial effectiveness of honey over 60 
bacteria species including aerobes and anaer-
obes, and some fungi, even the specific mecha-
nism of that is not known [32]. The antimicrobial 
properties of honey are attributed to the cumula-
tive action of high sugar content, acidity (low 
pH), hydrogen peroxide, and some phytochemi-
cals, including flavonoids and phenolic acids 
[33]. Honey dressings are available in various 
commercial preparations such as honey gel oint-
ment, honey-impregnated tulle dressings, honey- 
impregnated calcium alginate dressings, and 
honey-based sheet hydrogel dressings. Manuka 
honey is probably the most widely known honey 

used as a wound dressing, because of the pres-
ence of the natural antibacterial substance meth-
ylglyoxal [34]. With their natural origin, honey 
dressings have few contraindications. However, 
they should be avoided in patients with a known 
history of allergy to either honey or bee venom. It 
was also reported that patients with diabetes 
should monitor their blood sugar level because of 
the high sugar content of honey, as they may be at 
higher risk of hyperglycemia [35].

Collagen and hyaluronic acid. Collagen is the 
main protein component of the extra-cellular 
matrix (ECM) and the skin. It is produced by 
fibroblasts and stimulates the development of 
new tissue and finally the wound healing process. 
Collagen dressings are mainly made of collagen 
type I extracted from bovine, porcine, equine, 
avian, and recently also fishery, sources [36]. 
Collagen is widely used as wound dressings and 
tissue engineering products for human use, due to 
their hemostatic properties, excellent biocompat-
ibility, reduced cytotoxicity, low antigenicity, 

a b

Fig. 39.2 Polyurethane foam with a silicon external layer (a) and collagen with hyaluronic acid pad (b)
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controlled biodegradability, and ability to stimu-
late cellular attachment and growth. In addition, 
collagen matrices acting as porous scaffolds for 
cell migration provide both structural and 
mechanical support and stimulate the growth of 
new tissue [37]. Indeed, when used as a dressing, 
exogenous collagen is exposed to in vivo degra-
dation by endopeptidases, leading to products 
that exhibit a chemotactic effect for several cell 
types, essential in the wound healing process 
[38]. In regard to collagen immunogenicity and 
biocompatibility, there are some concerns on 
possible antigenic response due to the presence 
of allogenic N- and C-terminal telopeptides. 
Their amino acid sequences vary with the species 
and their removal by acid or enzymatic treatment 
is considered an optimal solution for immunoge-
nicity elimination [39, 40].

Hyaluronic acid is a glycosaminoglycan dis-
tributed widely throughout connective and epi-
thelial tissue. Hyaluronic acid-based dressings 
provide a temporary structure to facilitate the dif-
fusion of nutritional supplies, help to rid the 
wound of metabolic waste products and control 
hydration during wound repair and inflammation 
[41]. In addition, hyaluronic acid is involved in 
keratinocyte migration and proliferation, which 
improves wound healing. However, the short res-
idence time in vivo and high solubility are limita-
tions for its use clinically (Fig. 39.2b) [42, 43].

Antimicrobial dressings. Chronic wounds are 
frequently contaminated by an important bacte-
rial load that have a significant impact on the 
wound healing process. Wound colonization 
describes the presence of different micro- 
organisms on the surface of a wound, but with no 
immune response from the host, and with no 
associated clinical signs and symptoms [44]. 
Otherwise, an infection occurs when a foreign 
microorganism competes with the host immune 
system, inciting a response in an effort to elimi-
nate it, with consequent clinical manifestations 
[45]. As reported by several authors, high micro-
bial load has severe implications in delaying 
wound healing and the formation of bacterial bio-
films is one of the critical mediators of chronic 
wounds. Staphylococcus aureus, Pseudomonas 
aeruginosa, Streptococcus pyogenes, and some 

Proteus, Clostridium, and Coliform species are 
the most frequently involved pathogenic bacteria 
in chronic wound infection [46].

A number of wound dressings have antimicro-
bial properties relying mainly on the following 
three molecules: silver, iodine, and poly- 
hexamethylene biguanide hydrochloride 
(PHMB).

Silver and the newer silver nanoparticles have 
broad-spectrum antimicrobial characteristics, 
even the exact mechanism of action is unknown. 
Various mechanisms have been proposed for sil-
ver’s antibacterial action: the inhibition of bacte-
rial cell function changing cell membrane 
enzyme proteins, the binding of silver to the 30S 
ribosomal subunit to prevent protein translation, 
and the denaturation of DNA by locking itself 
between purine and pyrimidine base pairs [47]. A 
certain fact is that silver needs to be in the ionized 
form to exhibit antibacterial activity, and there-
fore unionized silver metal is nonactive and only 
becomes active in the presence of moisture (exu-
date) [48]. Commercially, there are many 
polymer- based wound dressings, loaded with sil-
ver either in pure form, as salts or as nanoparti-
cles for treating and/or preventing infection in 
various wound types (Fig. 39.3a).

Iodine is a small molecule that easily pene-
trates the glycocalyx of biofilms in in vivo and 
animal models. Aqueous and alcoholic solutions 
of elemental iodine have been used as disinfec-
tants, antiseptics, or components of dressings for 
over 150 years. However, these iodine formula-
tions were associated with adverse effects, 
including local pain, skin irritation, and orange- 
brown skin surface staining. An example of mod-
ern iodine formulation is a tulle-dressing with a 
polyethylene glycol base containing 10% povi-
done iodine (PVP-I) with an equivalent of 1% 
available iodine. These dressings slowly release 
iodine on contact with wound exudate providing 
antimicrobial killing action on the wound surface 
(Fig. 39.3b). Cadexomer iodine is another effec-
tive iodine wound dressing that also provides 
slow release of iodine to the wound surface, 
absorbing up to seven times its weight in exudate 
along with providing autolytic debridement. In 
comparative studies, iodine often demonstrates 
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superior biofilm eradication compared with sil-
ver, PHMB, honey, and other topical antimicro-
bial agents. Contact-irritant dermatitis to iodine 
can be a frequent adverse effect and any iodine 
dressing should be used with caution in the pres-
ence of thyroid disease [49].

Poly-hexamethylene biguanide hydrochloride 
(PHMB) is a low molecular weight polymer with 
structure related to chlorhexidine, historically 
used as a preservative in cosmetics. It is an anti-
microbial agent with broad-spectrum activity 
against several Gram-positive and Gram-
negative bacteria, fungi, and yeast and reported 
to be particularly active against the difficult to 
control Pseudomonas species. PHMB is well tol-
erated with no relevant adverse effects, and is 
available in different commercial formulations, 
such as solutions for wound cleansing, gels, and 
hydrofibers [25].

Analgesic and anti-inflammatory dressings. 
The wound bed is an environment very rich in 
inflammatory mediators, enzymes, and free radi-
cals, which are responsible for tissue damage and 
patient’s pain. In addition, infections and the 
physical trauma due to dressing changes can con-
tribute to wound pain by triggering a continuous 
inflammatory response. These factors lead 
chronic wound patients in a cycle of inflamma-
tion and consequent pain which can be very 
debilitating. Therefore, the treatment of infection 
is as much priority as that of pain [50].

Dressings loaded with local anesthetics (e.g., 
lidocaine), or NSAIDs (e.g., foam with ibupro-
fen) can be very useful to reduce wound pain 
during dressing change and waiting for the 
response to the antimicrobial drugs, as these may 
take some days to have a significant effect on 
pain [51].

a b

Fig. 39.3 Antimicrobial dressings: hydrofiber sheet loaded with silver (a) and povidone-iodine gauze (b)
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Extracellular Matrices

Andrea Ingegneri and Marco Romanelli

40.1  Introduction

The wounded skin heals through a series of events 
aimed at restoring the skin barrier properties. The 
healing process is divided into four main phases: 
hemostasis, inflammation, proliferation, and 
remodeling. The temporal progression between 
these phases is regulated by an interaction 
between the cells, the wound micro- environment, 
and the development of the extracellular matrix 
(ECM) [1]. During hemostasis, which follows 
within a few hours from the wound appearance, a 
fibrin clot is formed to control bleeding [2] and 
platelets trapped in the clot release coagulation 
factors and cytokines. The cytokines, in the 
inflammatory phase, have a chemotactic action on 
the cells towards the wound site. The first to 
respond are neutrophils that release TNF alpha, 
IL-1 beta, and IL-6 in order to amplify the immune 
response and protect the body from pathogens [3]. 
Monocytes are recruited at the site of the clot, 
where they differentiate into macrophages and 
phagocytize pathogens and cellular debris [4, 5]. 
Failure of this phase of cellular recall favors the 
chronicity of the lesion. In fact, macrophages acti-
vate and produce a variety of chemotactic factors 
such as fibroblast growth factor (FGF) and vascu-
lar endothelial growth factor (VEGF). The prolif-

erative phase is characterized by angiogenesis and 
by the synthesis of collagen and other extracellu-
lar proteins regulated by fibroblasts, and by a 
granulation tissue capable to support re- 
epithelization [6]. The granulation tissue matures 
and remodels in the following months, during 
which collagen density increases and the fibro-
blasts differentiate in myofibroblasts for the orga-
nization of the fibers and reinforce the 
microstructures. During the remodeling phase, 
the scar can become hypertrophic due to the 
excessive production and contraction of collagen 
fibers [7].

In chronic wounds, the response described 
above may be complicated by several factors such 
as prolonged inflammation, malnutrition, increased 
protease activity, possible superinfections, and 
reduction of cell activity [8]. In venous leg ulcers, 
the evaluation of the exudate has shown several 
fibroblast dysfunctions, an increase of matrix 
metalloproteinases (MMPs) and the activity of 
matrix metalloproteases inhibitors, a reduction of 
VEGF, and a reduction in collagen deposition  
[9–11]. These conditions are going to block the 
progression to normal ECM production. In a 
chronic wound, a condition is created in which the 
ECM stop to function normally, and therefore the 
normal wound healing process cannot be initiated. 
Thus, artificial substitutes of the dermal matrix aim 
to facilitate the restoration of the skin barrier by 
improving the wound  environment and assist cell 
proliferation, differentiation, and engraftment.
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40.2  Extracellular Matrix 
in Chronic Wounds

ECM is a dynamic structure that provides physi-
cal and functional support to the underlying tis-
sue. It is made of water, polysaccharides, and 
protein components such as collagen, fibronectin, 
elastin, and proteoglycans [12].

In chronic wounds, the ECM is altered and 
therefore normal healing is prevented. This is 
where artificial ECMs come into play. Substituted 
dermal matrices may function by different mech-
anisms including: stimulating the production of 
ECM components; donating ECM components; 
serving as supporting structure; also promoting, 
via cellular signals, cell migration and prolifera-
tion, facilitating lesion healing [13, 14]. Each of 
these roles is influenced by the structural compo-
sition of the dermal substitute matrix [15, 16].

The artificial ECM ideal for the healing of 
chronic wounds would be a structure similar to 
the natural ECM and in addition it should have 
the capacity to be gradually degraded and totally 
integrated with the host [13].

Each component of the extracellular matrix 
plays a fundamental role in modulating wound 
healing:

• Collagen is one of the most used components 
in the development of dermal substitutes, 
mainly because, as the main component of 
ECM, it plays a fundamental role in every 
phase of correct healing. In addition, collagen 
has a role in cellular communication [15–17]. 
Each ECM collagen molecule is constituted 
by three polypeptide chains of glycine, pro-
line, and hydroxyproline arranged in a helix. 
In the extracellular space, the chains undergo 
a process of proteolysis that generates a series 
of cross-links with support functions and elas-
tic resistance of the skin [18]. To date, more 
than 27 types of collagen have been identified. 
Type 1 collagen, which accounts for 75–80% 
in dry weight of the dermis, has above all a 
role in the adhesion, differentiation, and 
migration of fibroblasts and keratinocytes 
[29]. In vitro studies have shown that collagen 
1 promotes the proliferation of fibroblasts and 
decreases reactive oxygen species (ROS) and 

the concentration of pro-inflammatory prote-
ases and cytokines [19, 20]. Type 3 collagen 
plays a key role in the production of granula-
tion tissue [21] and subsequent scar formation 
[22, 23]. Type 4 collagen is the main protein 
of the basement membrane and therefore it 
has a fundamental role in keratinocyte migra-
tion and in angiogenesis [7, 24, 25]. It has 
been shown that inserting Type I collagen into 
ECM scaffolds shows the lesion in a better 
physiological condition for healing [20].

• Among the other important components, (I) 
Elastin endows the ECM with greater resis-
tance to stress [26, 27]. (II) Fibronectin, thanks 
to different binding sites for collagen, fibrin, 
proteoglycans, and integrins, facilitates cellu-
lar interaction with the ECM [27]. Fibronectin 
is essential for the deposition of type 1 colla-
gen in the extracellular matrix [28, 29]. (III) 
Glycosaminoglycans and proteoglycans sur-
round all the previous components. They are 
strongly hydrophilic molecules and therefore 
provide viscoelasticity to the fabric. Together 
they form a gel-like substance in which ions, 
hormones, and nutrients can move freely 
through the matrix [30]. (IV) Some glycos-
aminoglycans such as hyaluronic acid and 
chondroitin-6-sulfate play a fundamental role 
in guiding the cell to healing and are impor-
tant because they activate growth factors.

40.3  The Ideal Extracellular 
Matrix

The collagen used for dermal skin substitutes can 
be obtained using two techniques: by decellular-
ization of a native tissue or by means of extrac-
tion. Native collagen is regarded as advantageous 
because it is thought to preserve a higher level 
structure and therefore maintain better biological 
activities such as neoangiogenesis, cellular che-
motaxis, and the ability to revitalize senescent 
fibroblasts and cause the upregulation of integ-
rins involved in angiogenesis [18, 31].

Once the dermal substitute has been applied, 
the patient’s skin tissue can give an incorporating 
response or non-incorporating response 
(Fig.  40.1a–b). The non-incorporative response 
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leads to encapsulation, and the host’s fabric cre-
ates a wall around the implant. This answer is 
useful for permanent implants but is not ideal for 
healing of chronic wounds. The incorporating 
responses depend on how much the host’s cells 
can penetrate the implant and the final result will 
depend on the inflammatory response. If the 
inflammation is excessive, it leads to the degrada-
tion and reabsorption of the substitute in a short 
time, giving rise to the deposition of disorganized 
tissue. On the other hand, if the inflammation is 
of medium intensity there will be a gradual deg-
radation that can be equaled by the deposition of 
new tissue. A light inflammation causes the der-
mal substitute to serve as a guide to the deposi-
tion of new tissue within the original tissue [7, 
15, 32].

Wound healing is a dynamic process that 
involves interactions between cells, ECM, and 
growth factors, all elements that restore the tissue 
after damage. ECM plays an important role in the 
tissue regenerative process and is the main com-
ponent of the skin dermis. In addition to provid-

ing structural support to cells, some components 
of the ECM bind to growth factors, creating a 
reservoir of active molecules that can be rapidly 
mobilized after damage to stimulate cell prolif-
eration and migration. In many chronic wounds, 
the increase in the number of inflammatory cells 
causes the levels of proteases to rise, which seems 
to be able to break down the components of the 
ECM, growth factors, proteins, and receptors 
essential for scarring. The recognition of the 
importance of ECM in the wound healing process 
has led to the development of products designed 
to stimulate or replace ECM (Fig. 40.2). Among 
these products intended to stimulate or replace 
the ECM are the dermal matrices.

40.4  Preparation of the Dermal 
Matrix

In order to use the extracellular matrix from the 
donor as a model for the growth of the new der-
mis, this tissue must first be adequately decellu-

a b

Fig. 40.1 a–b Amputation stump in a diabetic patient, before and after application of a dermal matrix
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larized, due to antigenicity of the donor tissue 
components [33]. Otherwise there is a very strong 
immune response to the material and a problem 
with the biocompatibility can occur. Dermal sub-
stitutes may be derived from different species, 
e.g., cattle, horses, humans (corpses and placen-
tas), fish, and plants. The properties of these 
extracellular matrix scaffolds depend on their tis-
sue of origin. Knowing their characteristics, the 
practitioner can decide which one to choose 
according to the patient’s needs.

An important feature is the porosity of the 
matrix scaffoldings. In fact, these must have 
pores in their internal architecture to allow for the 
passage of cells without altering the mechanical 
stability of the scaffolding. A porosity of ade-
quate size not only facilitates cell migration but 
also the proliferation of these cells within the 
scaffolding [34].

Another important characteristic regards the 
cross-links. Regardless of the origin, ECMs are 
composed of polymers—especially collagen 
fibers. The term cross-links describes the chemi-
cal link between the various chains. Cross-links 
have a direct effect on the degradation and dura-
bility of the product.

The matrix must be sterilized, so it must be 
free of any living organism. Sterility is measured 
in sterility assurance level (SAL), which is the 
probability that a product contains microorgan-
isms after sterilization. SAL is expressed in 10-n, 
so that a lower SAL value corresponds to a higher 

sterility of the scaffold. Normally SAL range is 
between 10−3 and 10−6, which are considered 
good sterilization values [35, 36].

40.5  Extracellular Matrices 
Registered

Since the ECM scaffolds were first used in the 
treatment of chronic wounds, a wide range has 
been developed and marketed. Available ECM 
scaffolds are derived from allogeneic and xeno-
geneic sources, or a combination of the two, or 
from biosynthetic routes.

40.6  ECM Derived 
from Allogeneic Skin

Ideal ECMs for wound healing should be similar 
in structure to the tissue that is to be replaced 
[13]. For this purpose, allogeneic skin can result 
in structure and composition very similar to the 
recipient’s skin. ECMs derived from allogeneic 
skin such as Alloderm®, Graftjacket®, and 
Dermacell® come from human cadaver skin. For 
a better biocompatibility and bio-efficacy 
(recruitment and activation of the cell popula-
tion), the matrix is decellularized.

40.7  ECM Derived from Human 
Placenta

The amniotic membrane, a thin avascular tissue, 
is considered as immune-privileged thanks to the 
absence of HLA (human leukocyte antigen), 
which codes for the major histocompatibility 
complex associated with the immune response/
rejection [37]. Though the density of matrix pro-
tein is low, one of the benefits of using amniotic 
membranes is that they contain a wide range of 
growth factors and cytokines embedded in the 
membrane, which are thought to highly contrib-
ute to the healing process [38]. All amniotic tis-
sues are suitable for repairing homologous 
fabrics. EpiFix® Amniotic Membrane Allograft 
is a tissue composed of human amniotic mem-

Fig. 40.2 Partial thickness burn on lower leg with an epi-
dermal matrix applied
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brane and chorion. EPIFIX® is not decellular-
ized because it does not contain viable cells, 
thanks to the dehydration and sterilization pro-
cesses. Similarly, BIOVANCE® and 
AMNIOEXCELV are tissues composed of amni-
otic membrane and the chorion layer is removed 
to reduce the passage of cellular debris and to 
eliminate the laterality of the transplanted tissue.

40.8  ECM Derived from Xenogen 
Fabrics

Typically for xenotransplants, tissues are decel-
lularized to remove or reduce the immunogenic 
components of animal cells, and a final steriliza-
tion step is performed to minimize the risk of for-
eign bodies/infectious agents. They have the 
same indications as allogeneic ECM: for the 
management of diabetic and venous ulcers, full- 
thickness lesions, pressure, indeterminate, trau-
matic, abrasion and tearing injuries, and surgical 
or indeterminate wounds.

PriMatrix® is an ECM derived from bovine 
dermis that is processed, freeze-dried (frozen 
dried), and sterilized. The technology used for 
PriMatrix® exploits decellularization and pre-
serves the dermal and biochemical structure of 
the ECM.  PriMatrix® is highly biocompatible 
due to its ability to bind and trap human cells and 
growth factors [39]. MatriStem® Wound Care 
Matrix derives from a pig bladder matrix that is 
lyophilized in foils and irradiated with electron 
rays. The MatriStem® has a matrix with the 
intact basal lamina on one side and a thin layer of 
connective tissue on the other. MatriStem® con-
tains various types of collagen and proteins that 
are reabsorbed and therefore promotes tissue 
remodeling.

OASIS® Wound Matrix derives from the sub-
mucosa of the fasting pigs, freeze-dried and ster-
ilized with ethylene oxide. The smooth muscle 
and mucosa are removed and the tissue is decel-
lularized forming a network of collagen, proteo-
glycans, GAG, fibronectin, and growth factors.

Kerecis ™ Omega3 is an acellular structure 
derived from fish skin that contains natural com-
ponents of extracellular matrix and adds the ben-

efit of bioactive lipids such as omega 3 and 
polyunsaturated fatty acids. Research has shown 
that the effects of bioactive lipid mediators 
(Omega3, EPA eicosapentaenoic acid, DHA doc-
osahexaenoic acid) reduce the inflammatory 
response [40].

Endoform® Dermal Template is extracted 
from the submucosa of the ovine stomach. After 
decellularization and processing of the tissue that 
includes delamination, Endoform® preserves 
90% of the original collagen (types I, III, IV) and 
also 10% of laminin, fibronectin, and GAG [41]. 
Endoform® was shown to have a broad spectrum 
of MMP inhibitors for collagenesis, MMP1 
MMP8, also gelatinase, MMP2 and MMP9. This 
feature can be useful to protect and buffer from 
the harmful action of MMP in chronic wounds.

40.9  Biosynthetic ECM Scaffolds

In biosynthetic cellular matrices, the composition 
and the consistency of the reticular structure can 
be controlled and designed to be stable and bio-
degradable. Obviously, the sterilization and 
decellularization processes are not needed. The 
matrix is absorbed in about six weeks after appli-
cation and replaced by autologous cells. It acts as 
a scaffold for tissue reconstruction (neoderm). 
Any skin substitute should maintain the three- 
dimensional structure for a minimum of three 
weeks to allow for fibroblast growth, neoangio-
genesis, and epithelial cell coverage. 
Biodegradation begins after this period and the 
whole process should occur without significant 
foreign body reaction as this could lead to 
increased scarring.

INTEGRA® Dermal Regeneration Template, 
Omnigraft® Dermal Regeneration Matrix, 
INTEGRA® bilayer Matrix Wound Dressing, 
and Matriderm® are biosynthetic dermal regen-
eration matrices. These dermal laminae are 
 composed of a porous three-dimensional matrix, 
with bovine collagen and chondroitin-6-sulfate, 
with a predefined degradation time. The tempo-
rary epidermal layer consists of a thin layer of 
silicone which provides immediate coverage of 
the lesion and controls fluid loss. The silicone 
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layer serves as a barrier to possible infections and 
mimics the normal regulation of liquids (sweat-
ing). This bio- engineered dermal layer is popu-
lated with cells from the wound bed and a 
granulation layer is formed while the revascular-
ization process follows two to three weeks after 
the matrix is applied. Then the silicone layer can 
be removed and a re-epithelialization strategy 
can be set up.

40.10  Conclusions

Increasing availability and specific ECM is one 
more tool for treating chronic lesions; however, 
the biological response is difficult to be quanti-
fied or characterized. It can be assumed that spe-
cific ECMs are better in particular conditions 
(high or low MMP, re-epithelialization, etc.). 
Future research will lead to better understanding 
of the mechanisms of cellular integration and 
stimulation of the skin.
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41.1  Skin Bank Development 
and Organization

Autologous skin graft is the gold standard treat-
ment for burns and other types of skin loss: how-
ever, auto-grafting is often possible in a minority 
of cases. To date, a tissue with the same proper-
ties of fresh viable skin has yet to be developed, 

either synthetic or semisynthetic, and skin grafts 
obtained from deceased donors (i.e., homologous 
skin grafts) are often the best treatment for wound 
coverage [1–6]. The possibility to store human 
skin dates back to the beginning of the twentieth 
century: modern skin preservation and tissue 
banking procedures became available in the 
1930s–1940s. The first officially recognized skin 
bank, the US Navy Skin Bank, was set up in the 
USA in 1949 to meet the needs of war burned 
soldiers [1]. Since then, most skin banks were 
established in the USA in the 1950s–1960s and in 
Europe between the 1970s and 1990s to satisfy 
the growing demand for transplant tissues [1, 2]. 
In recent decades, following the expanding phe-
nomenon of population aging and disease chroni-
cization (e.g., diabetes, venous insufficiency), the 
number of people with hard-to-heal wounds has 
progressively increased. Thus, the demand for 
skin grafts stimulated the organization of skin 
banking facilities, and research into skin process-
ing to develop new skin bank bioproducts [3–9]. 
The structure and the activity of tissue establish-
ments are regulated by specific national and 
international laws and guidelines [5, 9]. In gen-
eral, European skin bank standards refer to the 
Council of Europe Guidelines (EDQM) [10] and 
operate in accordance with European directives 
(2004/23/EC [11], 2006/17/EC [12], 2006/86/EC 
[13]), inspired by Good Manufacturing Practices 
(GMP) guidelines [14]. In the USA, human tis-
sues intended for transplantation are regulated as 
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a human tissue and tissue-based products by the 
Center for Biologics Evaluation and Research 
(CBER) [15]. Australian skin and other tissue 
bank products are regulated as a biological 
 therapeutic resource by the Therapeutic Goods 
Administration (TGA) [16]. In European coun-
tries, donor skin is to be processed in GMP- 
classified areas such as Grade A with a 
surrounding environment of at least Grade D, 
according to the European directives [10]. 
Mainly, skin bank facilities are “contamination 
controlled areas” characterized by monitoring 
systems for particle/microbial contamination, 
high-efficiency particulate air filter with positive 
pressure and constant thermo-hygrometric 
parameters [9, 10, 15, 17].

41.2  Skin Bank Procedures: Donor 
Screening, Skin Procurement 
and Processing

All skin bank activities, from donor screening to 
skin procurement, processing, storage, and distri-
bution, are regulated by dedicated technical 
guidelines [10–19]. The safety of skin grafts is 
guaranteed by detailed procedures and quality 
standards requirements [8, 16, 19]: potential skin 
donors are selected according to clinical history, 
physical examination, and serological/imaging 
screening tests [20–24]. Most skin banks rou-
tinely perform minimum serological panel includ-
ing screening for HIV, hepatitis B and C, and 
syphilis; and optional testing for human 
T-lymphotropic virus, cytomegalovirus, ABO 
grouping, and Rh typing. Main exclusion criteria 
for skin donation are: cancer, active infections, 
autoimmune dermatitis, mechanical/microbial 
skin damage [9, 17, 19]. Skin is procured from 
deceased donors in appropriate facilities, under 
aseptic conditions, by authorized personnel with 
appropriate qualification, training, expertise, and 
experience (EDQM—Chap. 6) [10]. Generally, 
the procurement team is composed of medical 
practitioners (e.g., in Spain and Italy) or fully 
trained non-medical practitioners under medical 
responsibility (e.g., in the UK and the Netherlands) 
or national recovery agencies (in the USA) [15]. 
The procurement team can either be a specialized 

equipper recovering a specific tissue or a multi-
tissue procurement team, with great advantage in 
procurement time reduction and optimal coordi-
nation [9, 10]. Skin can be harvested from heart-
beating (i.e., multiple organs donation) or from 
non-heart-beating (i.e., multiple tissues donation) 
deceased donors, with different post-mortem pro-
curement time limits: in most European countries, 
skin is procured within 12 hours (if the body has 
not been refrigerated) or 24 hours (if the body has 
been refrigerated in the first 6 hours after death) 
[10]. Skin layers of 400–800 μm in thickness are 
procured from the posterior trunk and the lower 
limbs by battery-operated/electric dermatome. 
The harvested skin grafts are transported to the 
tissue bank in specific transport containers filled 
with specific transport media, such as saline solu-
tion supplemented with antibiotics, RPMI, ringer 
lactate, Dulbecco’s Modified Eagle Medium 
(DMEM) + Ham’s F12 Nutrient mix, etc.

Procurement documentation, accompanying the 
procured tissues, is retained by the tissue establish-
ments and recorded to guarantee reliable traceabil-
ity. Processing procedures start then in the facility 
clean rooms or in dedicated areas [9, 17–22]. 
Processing methods are intended to maintain the 
integrity and biological properties of tissues and 
cells. Microbiological tests are performed both 
before and after processing on tissue samples to 
assess tissue microbial contamination (bacteria, 
fungi, yeasts, slow-growing aerobic and anaerobic 
bacteria). Skin allografts contaminated by critical 
agents (e.g., polyresistant bacteria) must be dis-
carded [9, 19], whereas grafts contaminated by 
nonpathogenic agents (e.g., Staphylococcus epi-
dermidis, Staphylococcus capitis, and 
Propionibacterium acnes) can eventually be repro-
cessed according to the tissue bank protocols, e.g., 
by glycerol-preservation or irradiation [9, 23, 24].

41.3  Skin Bank Bioproducts 
and Storage Methods

Tissue banks can process tissues by different 
methods and allow long-term storage, here 
reported in Table  41.1. Thus, a variety of bank 
bioproducts are available as wound healing thera-
peutic options and can be provided from tissue 
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establishments. Skin tissue provided by Siena 
Skin Bank are reported in Table 41.2, along with 
their peculiar biological characteristics and clini-
cal properties, and shown in Fig. 41.1. The two 
most common methods of skin processing are 
deep-freezing/cryopreservation and glycerol- 
preservation, whereas delicate treatments such as 
de-cellularization, irradiation, and lyophilization 
are performed by a reduced number of establish-
ments (Tables 41.1 and 41.2). The basic differ-
ence between these techniques is the preservation 
of tissue viability [8, 9].

41.3.1  Viable Skin Grafts

Fresh, frozen/deep-frozen, and cryopreserved 
cutaneous allografts maintain various degree of 
residual viability, according to the processing and 
storage temperature. They hold the ability to 
adhere and integrate onto the wound bed and stim-
ulate the neo-vascularization and granulation tis-
sue formation. In general, harvesting and 
processing time for cryopreservation/deep-freez-

ing needs to be brief to ensure minimal decay of 
cell viability. Viable grafts are, however, more 
prone to microbial contamination if compared 
with glycerolized grafts [25]. To date, viable skin 
grafts include deep-frozen/cryopreserved skin 
(Fig. 41.1a) and DED/dermis (Fig. 41.1b, c) [5, 9].

In a recent study on 127 donors, we found that 
highest cell viability rates were found in grafts 
obtained from heart-beating nonsmoker female 
donors, died of cerebral hemorrhage, harvested 
within 2 h of aortic clamping and stored within 
12 h of harvesting (13–14 h from clamping) [8]. 
Moreover, after 14 days of deep-freezing, epider-
mal and dermal structure was unaltered and cell 
viability was reduced of 50% on average 
(Fig. 41.2a, b). The debate on the importance of 
cell viability for skin allograft efficacy as a skin 
substitute is still ongoing. It is traditionally 
accepted that, in severe burns, viable skin 
allografts are superior to nonviable bioproducts 
and have better transplant performance, promot-
ing neo-vascularization and immuno-modulatory 
response and reducing healing time and mortality 
risk [4, 5, 26, 27]. Beside burns, viable skin 
allografts represent a useful therapeutic option in 
chronic leg ulcers and hard-to heal wounds, 
where adherence onto the wound bed and cyto-
kines release is necessary [6, 9, 28–30].

41.3.2  Unviable Skin Grafts

Glycerolized and lyophilized skin grafts are not 
viable but retain structural and mechanical prop-
erties so that the tissue can be grafted onto a 
wound bed after a certain period of time.

In particular, glycerol-preservation using an 
increasing series of glycerol concentrations 
(50–70–85%), allows long-term storage of skin 
or dermal grafts, at refrigerated temperature 
(+2/8 °C). Due to their low cell content and pro-
cessing methods, these skin bioproducts have 
specific resistance to microbial penetration and 
low immunogenicity [9, 26]. Glycerol-preserved 
skin allografts are specifically indicated in epi-
dermolytic disease and burns, for their efficacy 
in  local pain control and microbiological 
 contamination reduction [25, 29, 30]. For these 
reasons, some authors prefer nonviable glyc-

Table 41.1 Overview of storage methods available in 
skin banks

Storage method Description
Freezing/
deep-freezing

Storage between −15 °C 
and − 80 °C with 
cryoprotectant solutions.

Cryopreservation Storage at <−135 °C in 
liquid- or vapor-phase 
nitrogen, with cryoprotectant 
solutions.

Glycerol- 
preservation

Storage at +2 °C/+8 °C in 
high-percentage glycerol 
solution

Drying Tissue dried at room 
temperature and low humidity 
atmosphere

Freeze-drying 
(lyophilization)

Dehydration process by rapid 
freezing and high vacuum to 
remove ice
By sublimation
Residual
Moisture in tissues: 1%–6%

Alcoholic 
preservation

Storage in ethanol (about 
96%).

Cell culture medium 
preservation

Preservation in a growth 
medium for viable tissues and 
cells.
Modified from Ref. [9]
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erol-preserved allografts rather than viable 
deep-frozen/cryopreserved allografts, in burn 
patients [3, 31–33]. In particular, Kua et  al. 
reported lower mortality and morbidity rate, 

reduced healing time in both adult and child 
burn patients treated with glycerol- preserved 
skin allografts, compared with cryopreserved 
ones [33]. Other authors assess that the preser-

Table 41.2 Clinical applications of skin bank bioproducts produced in Siena Skin Bank

Deep-frozen Glycerol-preserved Acellular lyophilized
Skin DED/Dermis
  • Temporary coverage
  • Wound bed preparation
  • Donor area coverage

  • Temporary coverage
  • Wound bed preparation
  • Pain-sparing effect
  •  Possible engraftment in 

extensive burns

  • Definitive dermal scaffold
  • Engraftment into the wound bed
  • Scaffold for re-epithelization
  •  Scaffold for delayed autologous- 

graft (e.g., modified slow Mohs)
  •  Bone/tendons/cartilage/nerves 

coverage
Use
  • Simple graft
  •  Coverage of dermal graft  

(composite graft)

  • Simple graft
  •  Coverage of dermal graft 

(composite graft)

  • Composite graft
  •  Simple graft in selected cases of 

cutaneous wounds
  •  Simple graft in all non- cutaneous 

loss of substances (oral/enteral/
articular cavity/breast wall)

Clinical conditions Clinical conditions
  • 1–2nd degree burns
  •  Epidermolytic disease (e.g., Lyell 

syndrome, toxic epidermal 
necrolysis, staphylococcal scalded 
skin syndrome)

  •  Chronic vascular leg ulcers (venous/
arterial/mixed)

  •  1–2nd degree burns on critical/
painful body sites, Lyell 
syndrome

  •  Post-traumatic partial- 
thickness wounds.

  •  Partial-thickness chronic 
vascular leg ulcers (arterial/
vasculitic).

  •  Partial-thickness pressure/
diabetic ulcers.

  • Dermatology/vulnology
    –  Pocket-shaped cutaneous 

wounds
    – Irregular wound bed
    – Surgical dehisced wounds
    – Full-thickness/chemical burns
    –  Venous/pressure/diabetic/

trophic ulcers
    – Vasculitic full-thickness ulcers

De-epidermized dermis (DED)/dermis   • Dermo/maxillo-facial surgery
    –  Skin cancer surgical defects 

(e.g., nose, scalp, mouth)
    – Galea defects repair
o Odontostomatology
    –  Gingival/parodontal/hard palate/

oral mucosa wounds

  • Dermal compartment reconstruction
  • Wound bed preparation

  • Pain-sparing effect
  •  Possible engraftment (in 

extensive burns)
  •  Possible scaffold for 

re-epithelization (in extensive 
burns)

Use
  • Composite graft   • Tendons/nerves coverage.

  • Composite graft.
  • Simple graft in selected cases,
  •  Use in association with 

negative pressure wound 
therapy (i.e., protection of 
critical structures),

  • Plastic surgery
    – Breast wall reconstruction
    – Scar treatment
    – Abdominal wall reconstruction
  • General surgery
    – Abdominal hernia repair
    –  Preperitoneal hernia repair
    – Abdominal wall defects
    – Pelvic floor reconstruction
  • Orthopedics
    –  Shoulder’s tendons restorative 

surgery
    – Rotator cuff repairs

Clinical conditions
  • Full-thickness burns
  •  Full-thickness post-traumatic 

wounds
  •  Full-thickness surgical wounds 

dehiscence
  • Full-thickness diabetic ulcers
  •  Full-thickness chronic venous/mixed 

ulcers

  • Full-thickness chemical burns
  •  Full-thickness painful 

post-traumatic wounds
  •  Full-thickness pressure/

diabetic ulcers
  •  Deep chronic arterial/mixed/

vasculitic ulcers

L. Tognetti et al.



437

vation method and cell viability of the bioprod-
ucts are not as important as the physiological 
barrier function they supply [3]. Actually, large- 
scale standardized studies comparing viable and 
nonviable skin allografts have not yet been per-
formed. In our opinion, clinical outcomes 
largely depend on patient-related factors (both 
physiological and pathological) and on the sur-
geon’s expertise in the management of these 
bioproducts. On the other hand, due to the dif-
ficulty in standardizing the clinical outcome in 
different kinds of wounds/burns, most assump-

tions on this topic come from direct observation 
and clinical experience [3, 8, 9]. Moreover, 
glycerolized DED/dermis (Fig.  41.1c) is suc-
cessfully used in painful hard-to-heal wounds, 
post-surgical/post- traumatic wounds with expo-
sure of critical structures and in chronic leg 
ulcers of the lower legs [6, 9, 34].

To date, lyophilization process (i.e., freeze- 
drying) is reserved to human-derived acellular 
dermal matrices, including DED (Fig. 41.1d) and 
reticular dermis [7, 9, 26]. These bioproducts can 
be de-cellularized by means of chemical and/or 

a b

c d

Fig. 41.1 Fresh skin undergoing processing phases (a), deep-frozen DED meshed 1:3 (b), glycerol-preserved reticular 
dermis (c), and de-cellularized lyophilized DED (d)
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physical processes and sterilized by γ-irradiation 
[9, 35]. Due to these properties, acellular dermal 
matrices can serve as biological scaffold 
(Fig. 41.3) with high compatibility for multiple 
purposes, including dermal compartment recon-
struction, bone/tendons/nerves coverage, repair 
of abdominal wall defect/hernia, and oral loss of 
substance [9, 34, 36–40].

41.4  Skin Grafts: Classification 
and Techniques

Skin grafts can be classified according to their ana-
tomical thickness or named after the surgeon who 
first developed the corresponding grafting tech-
nique. Indeed, specific thickness range is selected 
for different clinical purposes [9, 28, 39].

a

b

Fig. 41.2 Histological 
examination routinely 
performed as quality 
control on a skin 
allograft after 12 days of 
deep-freezing (−80 °C): 
hematoxylin-eosin 20× 
image showing unaltered 
epidermis, regular 
dermo-epidermal 
junction, and preserved 
dermal structures (a). 
The metabolic assay 
routinely performed to 
assess residual cell 
viability in deep-frozen 
skin allografts after 
12 days of deep-freezing 
(−80 °C): methyl- 
tetrazolium salt (MTT) 
stains the basal and 
supra-basal layers of the 
epidermis (40× OM) (b)
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In the first case, they can be divided into:

• Partial-thickness skin grafts: These grafts 
include the epidermis and part of the dermis, 
the effective thickness depending on the 
donor site and the clinical purpose. They are 

usually used to cover large areas as the skin 
graft can be expanded up to 9 times by the 
use of a skin graft mesher, with very low 
rejection rate. These grafts include the epi-
dermis and the papillary dermis and can be 
classified as:

a b

c d

Fig. 41.3 Electron microscopy scanning of histo- 
compatibility studies: human skin-derived primary fibro-
blasts stratified onto the lyophilized acellular DED surface 

(a) and detail (b); HaCat keratinocytes colonizing the 
DED surface on the basal membrane side (c) and detail 
with neo-formed tight-junctions (d)
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 – thin (Thiersch–Ollier) 0.15–0.3 mm,
 – intermediate (Blair–Brown) 0.3–0.45 mm.

• Full-thickness skin grafts: These grafts include 
the epidermis and the entire dermis and can be 
classified as:
 – thick (Padgett) 0.45–0.6 mm,
 – full-thickness grafts (Wolfe–Krause) 

>0.6 mm.

Grafting techniques greatly differ according to 
the selection of various types of bioproducts. 
Depending on the depth and the type of wound, 
different combinations can be adopted, namely a 
“simple” or a “composite grafts,” if one or ≥ 2 
bioproducts are used, including cryopreserved 
dermis/skin, glycerolized dermis/skin, and 
lyophilized gamma-irradiated dermis. 
Futhermore, each bioproduct can be grafted as 
unique or multiple layers, either meshed (with 
1:3, 1:6, 1:5 expansion rate) [9] or unmeshed. 
Meshed graft can cover a larger body surface, 
and can be applied directly onto the wound bed 
or in a multi-layer composite graft (i.e., sandwich 
or Alexander technique) [9]: they are particularly 
indicated for burns or when auto-grafting is nec-
essary [6, 9, 28, 39].
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Clinical Applications of Skin Bank 
Bioproducts
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42.1  Clinical Advantages of Skin 
Bank Bioproducts in Wound 
Healing

The gold standard for permanent wound closure 
is autologous grafting [1–3]. However, autolo-
gous skin transplantation is possible only in a 
limited number of cases. In frequent situations, 
allogenic skin grafting can be considered the 
best, in burned patients, and/or the most physio-
logical alternative in other types of skin loss, 
especially in hard-to-heal wounds [4, 5].

General advantages of grafts and dressings 
realized with allogeneic skin (i.e., from deceased 
donor skin) include: reduction of water, electro-

lytes and protein loss, antibacterial effect, wound 
pain control, wound bed preparation for definitive 
closure, and promotion of re-epithelization [6–8]. 
Furthermore, dermal allografts can serve as scaf-
folds and protect delicate deep structures such as 
cartilage, tendons, bones and nerves or arterial 
bypass. Specific advantages are provided by 
diverse types of skin bank bioproducts in wounds 
of different nature (post-traumatic, vasculitic, 
pressure, etc.) [6–15, 21]. Within the specific 
advantages of decellularized dermal grafts, we 
can include: dermal compartment reconstruction, 
antalgic and antimicrobial effect, stimulation of 
tissue neovascularization, physiological regenera-
tion of a neo-collagen rather than a scarring  tissue, 
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and good aesthetic results [14–16]. On the other 
hand, the use of these bioproducts can be limited 
due to the reduced availability of donor skin and 
long recovery times of patients [17].

In recent years, the use of skin bank bioprod-
ucts took advantage in the treatment of hard-to- 
heal wounds (HHWs), i.e., where restoration of 
anatomical and functional integrity is fundamen-
tal and takes longer than expected with standard 
therapy or in chronic wounds [4, 5, 14, 15, 21]. 
Taken together, HHWs and chronic ulcers repre-
sent a major concern for the current health care 
system in terms of impact on the quality of life 
of patients and on overall costs [1–5].

42.2  Clinical Use of Skin Bank 
Bioproducts in Wound 
Healing

Different grafting techniques are based on the 
selection of various types of bioproducts [14]. In 
general, thick grafts are indicated to cover deeper 
skin loss; depending on the depth and the type of 
wounds, different combinations of grafts can be 
adopted, including: deep-frozen dermis/skin, 
glycerolized dermis/skin, lyophilized gamma- 
irradiated dermis. Each bioproduct can be used as 
mono- or multi-layered and meshed (with vari-
ous expansion rate) or unmeshed. Finally, epithe-
lialization can be achieved by second intention or 
by the use of thin autografts or cultured autolo-
gous epidermal cells [14, 18].

In extensive burn patients, if autologous skin 
is not available, meshed allografts can be used to 
cover large areas involving ≥50% of the total 
body surface area (TBSA), with different expan-
sion rates [14, 18, 19].

The series of homologous skin grafts available 
in tissue establishments includes deep-frozen 
skin, glycerolized skin, deep-frozen and cryopre-
served DED (de-epidermized dermis)/dermis, 
glycerolized DED/dermis, and gamma-irradiated 
lyophilized dermis/DED.  In cap. 3 they are 
reported along with their specific clinical indica-
tions [14].

General clinical indications of these bioprod-
ucts can be synthetized as follows:

 (a) Monolayer skin allografts (cryopreserved, 
deep-frozen, or glycerolized) are indicated 
for the temporary coverage of large superfi-
cial wounds where autologous graft is not 
available (e.g., epidermolysis bullosa, toxic 
epidermal necrolysis).

 (b) Monolayer dermal allografts (DED/dermis) 
are preferred in HHWs>8 cm, with regular or 
irregular wound bed depth and edges. In gen-
eral, glycerolized dermal allografts are pre-
ferred to reduce local pain, whereas 
deep-frozen/cryopreserved dermal allografts 
are preferred when greater adherence to the 
wound bed is required to achieve a viable 
granulation tissue. In selected cases of full- 
thickness irregular HHW, one or two layers 
of meshed dermal grafts can be stratified to 
fill the cutaneous loss of substance.

 (c) Composite grafts (Cryopreserved/deep- 
frozen/glycerolized dermis + cryopreserved/
deep-frozen/glycerolized skin) are indicated 
in HHWs of different etiology. In large 
wounds (>20 cm), with irregular borders and 
characterized by significant exudation, com-
posite grafts should be preferred. Meshed 
dermal grafts can be applied if the exudation 
is intense (Falanga score 3) [20]; unmeshed 
dermal grafts are used if the exudate is poor 
or moderate (Falanga score 1–2). All dermal 
grafts must be covered with deep-frozen/
cryopreserved/glycerolized skin grafts in 
order to prevent dermis desiccation [14, 21].

 (d) Acellular lyophilized DED/dermis is pre-
ferred in post-surgical dehiscences, pocket- 
shaped cutaneous wounds, oral wounds, 
breast wall/abdominal wall/pelvic floor 
reconstruction, shoulder tendons restoration, 
bone coverage, etc. (cap. 3) [14].

42.3  A 3-Step Approach to Hard- 
to- Heal Wounds

To prevent wound chronicization a dedicated medi-
cal-surgical approach is often required, based on an 
integrated 3-step protocol [21]. The approach con-
siders three consecutive phases: debridement, 
wound bed preparation, and skin grafting (Fig. 42.1).
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The first step, wound debridement, can be car-
ried out by mechanical (e.g., surgical knife) or 
enzymatical procedure (e.g., topical collagenase 
ointment), the choice depending on wound con-
ditions at the time of presentation. Thick eschars 
(i.e., in late presentation) should be removed sur-
gically under local anesthesia.

In extensive and deep/critical HHWs, debride-
ment and wound bed preparation can be contem-
porarily achieved by means of Negative Pressure 
Wound Therapy (NPWT): this method helps 
remove adherent fibrin clots and contract wound 
edges, stimulates a vital granulation tissue pro-
duction, and reduces microbacterial burden.

After adequate debridement and wound bed 
preparation, the wound should be evaluated for 
skin grafting procedure: simple/composite grafts, 
meshed/non-meshed grafts, cryopreserved/deep- 
frozen/glycero-preserved/lyophilized grafts, 
sandwich technique/Cuono technique [19], 
according to the entity and characteristics of the 
loss of substance, patient-related factors, and 
body location [6, 8, 14, 15]. The choice between 
monolayer (e.g., one layer of dermal graft) and 
composite graft (dermal graft covered by skin 
allografts to avoid desiccation) depends mainly 
on the wound extension: limited HHWs (diame-
ter < 7 cm, loss of substance limited to the deep 
dermis) are treated with simple grafts, while 
extensive HHWs (diameter > 7 cm, loss of sub-

stance extended to deep subcutaneous structures 
with/without nerves/tendons/bone exposure) 
require composite grafts.

The application of the 3-step approach, 
together with the specific characteristics of each 
of the bioproducts, allows the achievement of an 
adequate therapy of full-thickness/critical skin 
loss (vascular ulcers, burns, chemical burns, and 
post-traumatic wounds). In particular, dermal 
acellular grafts maintain their morpho-structural 
characteristics for up to four weeks, protect deep 
exposed fragile structures, control local pain and 
are quickly colonized by the host cells [14, 18]. 
These conditions ensure the engraftment of the 
dermal scaffold into the wound bed and allow a 
consistent reduction of healing and hospitaliza-
tion time [8, 13, 14].

42.4  Homologous Skin/Dermal 
Grafts for Cutaneous HHWs

Simple/monolayer skin grafts are applied directly 
onto the wound bed after reshaping the skin fol-
lowing the edges of the wound: a 0,5 cm overlap 
on the wound margin is recommended to ensure 
the stability of the graft. Simple DED/dermis 
grafts should be shaped according to wound 
 margins and inserted into the wound bed avoiding 
overlap: this dressing is limited to selected limited 

DEBRIDMENT

DEBRIDEMENT + WOUND
BED PREPARATION

Temporary/definite DERMAL
COMPARTMENT RECONSTRUCTION

Temporary EPIDERMAL
COMPARTMENT RECONSTRUCITON

escarechtomy/ surgical /
chemical

Negative dermal
composite/simple graft

Homologous skin
composite/simple graft

Negative pressure
wound therapy

Autologous graft

Re-epithelization

Fig. 42.1 Schematic 
representation of the 
3-step approach based 
on allograft use 
proposed for hard-to 
heal wounds
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HHW cases, and coverage is realized by means of 
two layers of paraffin gauzes (silver sheet dressing 
can be adjunct to reduce exudate) (Fig.  42.2). 
Composite grafts are composed by a bi-layer 
dressing consisting of a dermal graft covered by a 
skin graft to avoid dermis desiccation (Fig. 42.3). 
In cutaneous HHWs, allografts should be covered 
by paraffin gauze and overlying povidone iodine 
gauze: the dressing is completed by a moderately 
compressive cotton bandage. The dressing should 
be re-evaluated after 5 to 7 days [9, 12]. Acellular 
dermal grafts should be monitored and re-shaped 
if necessary, until engraftment is realized. Skin 
graft of simple and composite dressing can be 
maintained in site for 10 to 18 days. In burns, due 
to local immunosuppression, skin grafts can take 
for 6/8 weeks and can be partially engrafted onto 
the wound bed (Fig.  42.4). The skin is usually 
removed once the site has been sufficiently healed, 
or when an autologous graft is available for perma-
nent wound coverage [14, 15]. Other uses of skin/
dermal allografts include the reconstruction of 
donor sites (e.g., forearm/thigh/axilla/retroauricu-
lar area) for partial- or full-thickness autograft, 
respectively [21].

42.5  Homologous Skin/Dermal 
Grafts for HHWs of the Head

We currently employ skin bank bioproducts in 
post-surgical defects following cancer excision 
of the head and neck areas [13, 21]. Patients are 
eligible in three conditions: (1) impossibility to 
realize a flap for peculiar body location/dam-
aged surrounding skin (i.e., sun-damage, pho-
toaging, in situ SCC)/patient-related factors 
(Fig. 42.5); (2) impossibility to perform a full-
thickness autologous graft due to the wound 
site or patient co-morbidities; (3) necessity to 
perform a delayed Mohs and temporarily close 
the open wound waiting for histological docu-
mentation of “free from tumoral cells” wound 
margins. For epithelial tumors of the head and 
neck, the process remains the same as the gen-
eral indications for the use of bioproducts, and 
the choice of type of skin/dermal graft depends 
on the condition of the wound bed and its 
extension. The outcome is decisive as far as 
healing of the wound itself is concerned and 
beneficial both for pain and infection control 
[13, 16, 22].

a

d e

b c

Fig. 42.2 Chronic leg venous ulcer of a 72-year-old female: after debridement (a), first grafting with deep-frozen thin 
skin allografts (b) and coverage with adsorbing Ag dressing (c), 1 month closure (d), 2 months closure (e)
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a

c d

b

Fig. 42.3 Heat burn of 2–3 degree in a 85-year-old man: after baseline (1 week after burning) (a), after topical debride-
ment with collagenase (b), grafting of deep-frozen skin meshed 1:3 (c), engraftment and final closure after 35 days (d)

Fig. 42.4 Application of different type of allografts in a 
post-traumatic HHW of the leg: non-meshed thick 
glycerol- preserved grafts are used to protect an arterial 
bypass; multiple meshed thick glycerol-preserved der-
mal grafts are placed onto the wound bed (dermal com-
partment reconstruction) and around the external 
metallic fixator insertion onto the bone (pain-sparing 
function), multiple non-meshed glycerol-preserved skins 
are used to cover the dermal grafts and control local exu-
dation/pain

Acellular lyophilized DED has established 
itself as the best bioproduct for oral cavity inju-
ries. In the oral cavity, gingiva/hard palate/soft 
palate/tongue mucosa and lips, lyophilized 
 dermis/DED must be anchored to the wound bed 
with adsorbable sutures. Thanks to its acellular-
ity, the use of lyophilized dermis/DED can pro-
vide important results in wounds otherwise 
recovering by second intention, with advantages 
in reducing the healing time and local pain. The 
use of the acellular lyophilized dermis/DED in 
oral surgery guarantees an optimal healing of the 
wounds, almost completely eliminating the prob-
lems related to the post-operative course as the 
reduction of pain and a quicker recovery of oral 
functions [22, 23].
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Negative Pressure Wound Therapy

Giulia Davini and Marco Romanelli

43.1  History of Negative Pressure 
Wound Therapy

For clinical use of NPWT, we need to go back to 
about thousands of years ago, when it was first 
used in Chinese medicine in addition to acupunc-
ture techniques. In 1841, Junod, to “stimulate cir-
culation,” adopted the method of heated cups that 
were applied directly to the patient’s skin. It was 
observed that with the cooling of the air, a subat-
mospheric pressure was created inside the cups, 
which caused hyperemia [1].

This discovery represented a real source of 
inspiration for the researchers who later under-
took numerous studies in this regard. In particu-
lar, we remember the actual authors of NPWT 
Michael Morykwas and Louis Argenta. They 
designed a series of animal studies, using NPWT 
with a polyurethane foam dressing, which 
served as an interface between the wound sur-
face and the vacuum source [2]. So the foam 
proved to be the fundamental tool of the system, 
as it guaranteed a uniform distribution of pres-
sure over the entire surface of the wound. In 
addition, the volume of the foam is reduced by 
pressure and causes the stretching of the cells, 
the contraction of the wound, and the elimina-
tion of fluids. Since then, numerous variants of 

NPWT have been registered [1]. In 1993, 
Fleischmann applied topical negative pressure 
to wounds via a long-term foam dressing to pro-
mote granulation and tissue repair in 15 patients 
with open fractures [3]. He was able to observe 
an efficient wound cleansing without bone 
infections (although one of the patients suffered 
a soft tissue infection). In his first studies, the 
negative pressure inside the wound was obtained 
through a simple suction unit mural or with por-
table vacuum cleaners for surgery. However, 
these devices have led to practical problems in 
terms of achieving, controlling, and maintaining 
the desired levels of negative pressure. At a dis-
tance of a century and more from the first 
description of the cellular world, great progress 
has been made in understanding the cellular and 
molecular mechanisms responsible for the heal-
ing of wounds. In carrying out this research, 
numerous factors have emerged that cause dif-
ficult healing of wounds such as the lack of local 
and systemic growth factors, changes in the 
extracellular matrix, decreased functionality of 
fibroblasts, and reduced antimicrobial activity 
of leukocytes. These aspects have attracted con-
siderable interest from the researchers, who 
later studied new specific products, which act in 
a targeted way, based on the wound bed, ensur-
ing the greatest possible benefit [4].

Products of this kind such as hydrocolloids, 
hydrogels, alginates, and polyurethane foams 
are used in fact in dressings, which today are 
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called “advanced.” Instead, we must wait until 
the end of the 1990s for NPWT, which I will 
mention in my thesis.

43.2  Description of the Device 
and Mechanism of Action

The acronym “VAC” literally means “vacuum 
assisted closure,” which consists of an advanced 
and non-invasive system, composed of several 
elements that work mechanically in order to pro-
mote the healing of a wound or injury. The funda-
mental characteristic of this device is the 
application of the negative topical pressure, i.e., a 
pressure lower than the atmospheric pressure, 
normally present at ambient temperature above 
sea level, where the molecules exert a force that 
corresponds exactly to the pressure of 760 mmHg. 
The therapeutic system [4] is provided with a 
black, hydrophobic, open pores polyurethane 
(PU) foam dressing which is introduced into the 
lesion. Alternatively, a hydrophilic polyvinyl 
alcohol foam can be used, with more dense and 
smaller pores (the choice of foam type depends 
on the wound characteristics and treatment objec-
tives). To isolate this dressing, a semi-occlusive 
and transparent adhesive film is used, which 
adheres to the healthy skin around the lesion. To 
this film a small hole is made, in which a small 
tube is inserted and anchored by an adhesive disk 
(pad). The tube is connected to a suction system, 
which ends in a container (canister). It collects 
the exudate drained through the foam and thanks 
to the negative pressure, which is generated by an 
electrically powered therapeutic unit [4]: through 
a rotary valve, it continuously transfers the gas-
eous molecules from the input to the output of the 
device. The negative pressure, in fact, is obtained 
by removing the gaseous molecules from the 
affected area (for example the wound site), using 
a suction pump. Within this electric therapeutic 
unit there is a microprocessor, which has the 
function of capturing any pressure changes and 
transmitting the alarm through the “central.” This 
equipment is provided with an interface and con-
trol module (for operations of “input and output” 
of the data), a parameters already set, and a 
“touch” display.

The polyurethane foam is placed in the wound 
and, after activating of NPWT (125 mmHg), it con-
tracts. Reducing its volume and still maintaining 
the porosity under suction, the foam provides a uni-
form pressure on the entire bed of the lesion. This 
involves the elimination of edema from the perile-
sional tissues, the increase in blood flow, and the 
stimulation of the angiogenesis. The contraction of 
the foam draws close and stabilizes the wound mar-
gins, thus providing an anchor point for the mus-
cles and the deeper structures. With the application 
of NPWT, the exudate, inhibitory substances, and 
small residues are removed from the lesion, provid-
ing a suitable environment for healing.

The environment of the lesion [5] is a micro-
cosm that develops between an area of the body 
before the skin barrier and the medication adhered 
to it. Cell regeneration, particularly in a second 
intention healing, occurs according to a process 
called “frog leap,” i.e., the dermal cells migrate 
from the edges and the bottom of the lesion 
towards the center. To fill the empty space, due to 
the lack of tissue, the new cells glide on each other.

In the dry environment the epithelium migrates 
slowly between the dried dermis and the subcuta-
neous adipose tissue, separating the intermediate 
tissues; while in the wet one the migration occurs 
between the right amount of exudate and the der-
mis. This result was obtained thanks to the “Moist 
Wound Healing” theory elaborated in 1962 by 
George Winter [6, 7]; following a study that high-
lighted the reparative principles previously 
described, he stated that: “…covering a wound 
with a film impermeable to water vapor has pro-
foundly changed the pattern of healing, directing 
the migration of the epidermis on the wound 
rather than through the dermis, accelerating epi-
dermal regeneration.”

43.3  Physiopathological Effects

In its simplest form, the TNP system offers a 
sophisticated, sterile and airtight dressing, whose 
properties create a moist healing environment. 
Other effects are [4]:

• increase in local blood flow
• reduction of edema
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• stimulation of granulation tissue
• stimulation of cell proliferation
• elimination of soluble healing inhibitors from 

the wound
• reduction of bacterial load
• rapprochement of wound edges

Some factors [5] have a considerable influ-
ence on the evolution of a wound or injury:

• the nutritional status of the person (vitamin C 
plays an important role in the synthesis of 
collagen).

• the presence of metabolic diseases (i.e., diabe-
tes) slows down the healing process.

• circulatory deficits related to venous stasis or 
atherosclerosis cause an inadequate blood 
supply.

• different diseases inhibit repair.

In order to talk concretely about the NPWT 
system, it is essential to expose the results that it 
provides at the tissue level. This type of dressing 
is characterized by a hermetic seal obtained by 
the film and by the tube connected to the suction 
device; this allows you to create a moist environ-
ment conducive to healing. In particular, treat-
ment with NPWT therapy provides important 
physiopathological effects.

43.4  Clinical Evidence on NPWT

Morykwas et al. [2] studied the effect of NPWT 
therapy on local blood flow by inducing deep 
wounds on pig tissues and then medicating them 
with polyurethane foam. The results obtained 
indicate that with a negative pressure of 
125 mmHg the blood supply is quadrupled. With 
higher pressures, there is a risk that the capillar-
ies deform and the blood flow decreases. In fact, 
with the application of negative pressures of 
400 mmHg or more, the spraying was inhibited. 
Timmers et  al. [8] examined the effect of TNP 
therapy on the spraying of healthy skin of ten 
voluntary subjects. They evaluated the TNP 
based on the medication used. It emerged that a 
negative pressure up to 300 mmHg with polyure-
thane foam increases also of five times the blood 

circulation, while with foam in polyvinyl alco-
hol the increase is tripled. The difference in the 
results of the research carried out is due to the 
smaller pore size of the polyvinyl foam, which 
attenuates the effect of the NPWT. Various other 
factors influence the level of pressure reached in 
the wound bed: it will be reduced for example 
into case of clot formation, hemorrhage, and 
interposed dressing layers.

Another pathophysiological effect of NPWT 
is the stimulation of granulation tissue formation. 
By conducting other studies on pigs, it was found 
not only that comparing the standard medications 
with NPWT [9], the latter obtains a better out-
come, but also that comparing a continuous and 
intermittent treatment with NPWT, the second 
responds more effectively [4]. It is important to 
point out that the optimal result is achieved by 
applying a continuous pressure to the first 
48 hours and then proceeding with the intermit-
tent pressure for any type of dressing. In particu-
lar in the wounds that produce abundant exudate, 
a continuous pressure will be applied because it 
allows to keep the dressing well sealed and 
cleansed. This result is due to the fact that the 
continuous pressure incessantly stimulates the 
cells, which in a sense, adapt to the forces and no 
longer react.

Some clinicians recommend using the contin-
uous setting for the first 48 hours of therapy while 
maintaining a pressure of 125  mmHg before 
switching to intermittent mode [10].

Mechanical stress induces proliferation and 
cell division [11]. For many years, plastic and 
orthopedic surgeons have used this effect in order 
to expand soft tissue and stretch the bones [12]. 
This is also one of the most important features of 
NPWT therapy; a computer model showed that 
the negative pressure induces micro- deformations 
in the tissues inside the wound, and this has also 
been observed in the clinical context. This 
mechanical stretching of the cells stimulates pro-
liferation and accelerates wound healing. In 
chronic wounds, this mechanism stimulates 
angiogenesis and epithelization [13].

Fabian et  al. also observed an angiogenesis 
improvement and a tendency to increase the epi-
thelialization rate with the TPN used in an exper-
imental model on rabbits [14]. TPN promotes an 
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active healing state by eliminating harmful com-
ponents (such as cytokines and matrix metallo-
proteinases) associated with excess exudate in 
no-healing wounds [13, 15, 16].

Therapy can also contribute to the reduction 
of bacterial load. The hermetic closure formed by 
foam and film, for example, reduces the risk of 
contamination from the outside, while the 
improvement of blood supply can increase the 
resistance to infection.

Regarding the wound infection, it has always 
been considered a contraindication to negative 
pressure therapy.

However, the evidence suggests that NPWT 
may play a role in reducing the bacterial load 
within the wound and reducing the levels of exo-
toxins and endotoxins potentially harmful thanks 
to the simple and rapid removal of the exudate 
from the wound. Being the NPWT mechanism a 
closed system, the unpleasant odors and bacterial 
contamination also decrease during dressing 
change [4].

Negative pressure therapy has been shown to 
be an effective adjuvant method for the treatment 
of postoperative wound infection after a median 
sternotomy [17, 18].

Mehbod et  al. reported similar positive out-
comes for infected spinal surgical wounds, even 
in the presence of implanted material [19], and 
Dosluoglu et  al. obtained encouraging results 
using the NPWT combined with debridement to 
manage the infected vascular prostheses [20]. 
Schimp et al. also reported advantages obtained 
with NPWT in the management of complex sur-
gical wounds in the field of oncology and gyne-
cology [21]. However, these are unusually 
complicated wounds, which are not one of the 
main indications of TNP.

For any wound in which it is difficult to 
manage the exudate, NPWT should be consid-
ered as a therapeutic option along with other 
treatments. The NPWT system has been con-
sidered, for example, as an effective method to 
protect the skin from the effluents that escape 
from a fistula, although this does not come 
within the range of uses provided by the manu-
facturer [22, 23].

When applied correctly, NPWT also has the 
advantage of avoiding the flow of the exudate 
into the wound and consequently the increase in 
bacterial load and the accumulation of fluid rich 
in potentially harmful proteases in the deep cavi-
ties of the wound. The accumulation of fluid and 
the spread of sepsis are a major problem in cavi-
tary wounds, and this may explain the validity of 
NPWT in the management of minor amputations 
of the diabetic foot or pressure ulcers.

A final physiopathological effect is repre-
sented by the partial vacuum created by NPWT, 
which causes the contraction of the foam and the 
consequent rapprochement of the wound margins 
towards the center, facilitating its closure [4].

This therapy, used after careful wound assess-
ment and appropriately used, is a valuable tool 
because its mechanisms have a substantial impact 
on many of the factors that contribute to healing.

43.5  Indications 
and Contraindications

The use of NPWT is indicated in many types of 
acute and chronic wounds and can benefit many 
patients both for the treatment of symptoms and 
for wound healing. NPWT can be considered 
when the wound:

• does not progress towards healing on sched-
ule, for example when the contraction of 
wound margins occurs too slowly with stan-
dard care.

• produces an excessive amount of exudate, dif-
ficult to treat.

• it is localized in a discomforting point or it has 
a dimension that makes an adequate sealing 
with traditional dressings problematic.

• requires a reduction in size before proceeding 
with a surgical closure [4, 9].

The use of NPWT is also indicated in cases 
where the patient requires a dressing or treatment 
firmly positioned on the lesion and does not 
require frequent changes, for example in cases of 
injury in children, for which close changes of the 
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dressing can be traumatic or the dressings may 
not remain firm in their place [24, 25]. Moreover, 
in the case of certain types of wounds, or in the 
presence of skin grafts, the NPWT has a splinting 
effect (rigid support) [26, 27].

Many successes of NPWT are reported in the 
literature, but there are situations in which the 
wrong choice or inappropriated application of 
NPWT can result in poor clinical outcomes or 
adverse events. Therefore, to avoid the safe and 
effective use of this technique, contraindications 
have been listed as:

• osteomyelitis.
• neoplastic lesions as it can stimulate the pro-

liferation of neoplastic cells.
• non-enteric fistulas not explored as there may 

be communication with vulnerable underlying 
organs.

• vessels, nerves, anastomoses, or exposed 
organs as if applied directly to exposed struc-
tures, due to the force of the negative pressure, 
the NPWT can cause injury or break vessels.

• necrotic tissue with the presence of eschar or 
thick slough in the wound bed, since before 
the application it is necessary to perform a 
proper debridement obtaining more rapid 
results [28].

• We have also listed some precautions on 
which it is necessary to pay attention as:

• delicate blood vessels since direct negative 
pressure can cause a trauma to the vessel and 
bleeding.

• delicate structures exposed, in fact patients 
with exposed blood vessels, bands, tendons, 
or ligaments can cause bleeding and trauma.

• bleeding: wounds with active bleeding or for 
whom the patient is at high risk of bleeding, or 
is receiving anticoagulant therapy and/or 
platelet aggregation inhibitors, negative pres-
sure therapy may cause bleeding due to 
increase of local perfusion, and consequently 
the loss of blood would be greater.

• patients with enteric fistulae.
• patients requiring special therapies or treat-

ments such as magnetic resonance and hyper-
baric therapy [28] (Table 43.1).

43.6  Portable NPWT Systems

Smaller disposable NPWT devices are developed 
in order to manage it not only in the hospital, but 
also in community care.

Awad and Butcher [29] used a portable NPWT 
device (SNaP® device Spiracur) in a patient with 
diabetic foot ulceration with an extensive re- 
ulceration overlying a previous amputation.  

Table 43.1 Indications and contraindications for NPWT

Indications Contraindications
•  Those who have been 

deemed a candidate for 
adjunctive therapies, see 
“determining candidacy 
for adjunctive therapies”

•  Presence of necrotic 
and fibrotic tissue

•  Untreated 
osteomyelitis

•  Malignant wounds
•  Wound types: •  Localized ischemia
 –  Diabetic foot ulcers 

(IB)
•  High output, 

non-enteric and 
unexplored fistulas

 –  Pressure injuries
 –  Surgical wounds •  In the absence of 

appropriate blood 
supply

 –  Grafts and flaps •  Severe excoriation of 
periwound

 –  Traumatic wounds •  Do not place 
dressings in direct 
contact with exposed 
blood vessels, 
anastomotic sites, 
organs or nerves

 –  Partial-thickness burns
 –  Pilonidal sinus wounds
 –  Necrotizing fasciitis •  Do not place 

dressings into blind/
unexplored tunnels

•  To accelerate the 
formation of granulation 
tissue

•  Stop therapy if 
person experiences 
autonomic dysreflexia

•  To improve perfusion 
through removal of 
excess interstitial fluid

•  Do not place therapy 
in proximity to the 
vagus nerve

•  To reduce bacterial 
colonization

•  Do not over fill the 
wound with dressing 
material

•  To enhance epithelial 
migration
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The patient was able to maintain self-care and to 
keep working during the last stages of the man-
agement. The results showed the absence of 
infection, the improvement of peri-wound skin 
health, and the reduction of wound size.

The SNaP® system uses spring mechanism to 
generate consistent levels of pressure to achieve 
pre-determined levels of subatmospheric pres-
sure (−75  mmHg, −100  mmHg, and 
−125  mmHg) [30] at the wound interface. The 
system is silent, light, disposable, portable, and 
easy to manage and it can be used in moderately 
exuding wounds (less than 120 mls/week).

PICO® (Smith and Nephew Healthcare) is 
another lightweight portable, negative pressure 
system that produces negative pressure at 
−80 mmHg continuously through two AA batter-
ies providing power to the device. The system 
can be used for wounds that produce few 
exudate.

(up to 300mls per week) and may be managed 
with gauze or foam fillers. Because of the absence 
of canister, fluids are absorbed and moved to the 
top surface of the dressing, where the moisture 
vapor is then evaporated through the film. The 
device is easy to use but has limitations about 
wound size and wounds on flat body surfaces as 
the dressing cannot be cut or modified.

Prevena™ Incision Management System 
(KCI) is a NPWT device that is used on surgical 
incisions in order to drain until the comple clo-
sures. Prevena™ is intended to be applied 
immediately post-surgery to clean closed inci-
sions for a minimum of 2 days and up to a maxi-
mum of 7 days. It should be noted that due to 
low amounts of silver contained in the dressing 
the device is unsuitable for people with a silver 
sensitivity [31].

43.7  Conclusions

Used in conjunction with conventional therapies 
and after a careful wound assessment, NPWT is a 
valuable tool for both the doctor and the patient.

NPWT should be considered as an important 
component of the overall management of a 
wound, to be chosen on the basis of a strategy 

comprising defined objectives and outcomes 
[32]. It should be interrupted when these objec-
tives have not been achieved, if the treatment 
does not have the desired effects and if it is not 
tolerated by the patient and it causes 
complications.
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Tissue-Engineered Skin 
Substitutes

Janowska Agata and Romanelli Marco

44.1  Introduction

Normal skin regenerates epidermis injury by 
stem cells present in basal layer of epidermis [1]. 
In case of severe deep injury, self-renewal ability 
is limited and a surgical intervention is needed. 
Split-thickness grafts are the standard permanent 
surgical treatment in case of deep wounds or 
burns; however, skin grafts can be utilized only in 
small areas of damaged skin. Autografts can be 
associated with surgical complications such as 
infections, scarring, and poor esthetic outcomes 
[2]. In large skin injuries, allografts are a suitable 
option but can be rejected due to the graft immu-
nogenicity [3].

Skin substitutes were introduced as an effec-
tive therapy to reduce skin grafts complications. 
Bioengineered skin substitutes are advanced 
medical devices, developed by a cooperation of a 
multidisciplinary scientists and physician teams 
[4]. Tissue engineering was described firstly in 
1993 and genetically modified substitutes were 
introduced in 2005 [5, 6]. The aim for appropri-
ate skin substitute is to heal or regenerate the 
wound maintaining the function and structure of 
normal skin. Skin equivalents should meet some 
essential criteria: protective function, promoting 
biological reactions, cost-effectiveness, minimiz-

ing adverse events like toxicity and immunoge-
nicity. The skin equivalents structure should be 
biodegradable, biocompatible, durable, mallea-
ble, flexible and provide an ideal environment for 
cell proliferation, differentiation, migration, and 
neovascularization [7, 8].

44.2  Classifications

Tissue-engineered skin substitutes can be classi-
fied using the biomaterial type, the scaffold 
architecture, the content of cells and growth fac-
tors, and the substitute anatomical structure [9].

44.2.1  Biomaterial Type and Scaffold 
Architecture

The biomaterial type can be biological (autolo-
gous, allogeneic, or xenogeneic) or synthetic 
(biodegradable or non-biodegradable). In biolog-
ical biomaterial, the transmission risk of infec-
tious diseases should be evaluated.

Scaffolds are extracellular matrix analogs 
with a tridimensional structure. The composition 
includes natural, synthetic, or composite (the 
combination of natural and synthetic) biomateri-
als. The scaffolds contribute to cell adhesion, 
proliferation, differentiation, and neovasculariza-
tion [9]. Collagen, gelatin, elastin, hyaluronic 
acid, chitosan, fibronectin, fibrin, pullulan, 
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 alginate, and laminin are the most commonly 
biocompatible materials utilized as natural scaf-
folds in skin tissue engineering. Hydrocarbons 
are the components of synthetic biomaterials 
including polyhydroxyortho esters (POE), poly-
lactic acid (PLA), polylactic-co-glycolic acid 
(PLGA), polyethylene glycol (PEG), poly-e-cap-
rolactone (PCL), poly-b-hydroxybutyrate (PHB), 
poly vinyl alcohol (PVA), and polyurethane (PU). 
Ideal tissue-engineered skin scaffold should 
mimic the structure and function of the skin. The 
combination of biocompatible natural structures 
and mechanical resistance of synthetic polymers 
shows the most efficient properties [10]. Some 
example of composite scaffolds characterized by 
a wide variety of materials are PLLA–collagen, 
poly ethylene oxide–chitosan, carboxyethyl chi-
tosan/PVA, chitosan/collagen/PEO, and PCL–
collagen [11].

Scaffolds should have a solid 3D structure and 
an appropriate pore size. 100 μm pores are ideal 
to support cell migration and transportation. 
Pores larger than 300 μm can increase capillary 
formation and angiogenesis [12].

44.2.2  Growth Factors

Growth factors are necessary to create function-
ally advanced skin substitutes.

Growth factors like epidermal growth factor 
(EGF), fibroblast growth factor (FGF), trans-
forming growth factor TGF-α/TGFβ, vascular 
endothelial growth factor (VEGF), platelet- 
derived growth factor (PDGF), interleukin-1 (IL- 
1), interleukin-6 (IL-6), and interleukin-8 (IL-8) 
stimulate healing processes, cell migration and 
proliferation, neovascularization and reduce 
fibrosis and scars formation [9].

44.2.3  Cells

Different cell types are involved in the skin nor-
mal function such as keratinocytes, melanocytes, 
fibroblasts, endothelial cells, Langerhans cells, 
Merkel cells, and adipocytes that produce ECM 
and a variety of growth factors [13].

Fibroblasts are the most important cells of the 
dermis involved in a variety of functions: colla-
gen and fibronectin formation, release of angio-
genic agents, and stimulation of endothelial cells 
[14]. Papillary fibroblasts control keratinocyte 
migration and proliferation with keratinocyte 
growth factor (KGF) [15].

Keratinocytes are the main cells in skin epi-
dermal layer that have principal roles in epitheli-
alization process and they secrete pro-angiogenic 
growth factors VEGF and PDGF [16].

Melanocytes are located in the basal layer of 
the epidermis and are necessary for skin pigmen-
tation in normal skin and to avoid hypopigmenta-
tion in skin equivalents [17].

Macrophages remove damaged matrix, release 
growth factors and cytokines, promote angiogen-
esis [18] but can cause hypertrophic scarring also 
in skin substitutes [19].

Langerhans cells are located in epidermis lay-
ers and are involved in processing and presenting 
antigens to T lymphocyte of immune system. In 
skin substitutes, they control skin immune 
response and immune rejection.

Endothelial cells are the most important cells 
of blood and lymphatic vessels. Using these cells 
in 3D scaffold can accelerate blood capillary for-
mation and lymphatic drainage [20].

44.2.4  Cellular and Acellular Skin 
Substitutes

Skin substitutes can be divided in two distinct 
groups including either synthetic acellular mate-
rials or natural with different cell types and can 
be utilized as temporary or permanent wound 
dressing [21].

Acellular substitutes are used as protections 
and temporary coverage against environmental 
contamination and fluid loss and they can include 
dermal matrix components, cytokines, and 
growth factors to promote wound healing [22]. 
Acellular substitutes include a nylon mesh or col-
lagen as dermis and silicon membrane as epider-
mis. The cellular substitutes are composed of one 
or two layers of scaffold (mesh or 3D matrix), 
with autologous or allogeneic cells. The majority 
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of skin substitutes contain only fibroblasts and 
keratinocytes. Warm/hot sensation, immune reg-
ulation, pressure sensation, and pigmentation are 
altered due to the absence of immune cells, mela-
nocytes, and nerve cells.

Cellular skin substitutes stimulate the healing 
process with complete restoration of damaged 
tissue and reduce the graft rejection [23, 24].

Two main types of cellular autologous skin 
substitutes are available: cultured epithelial auto-
graft (CEA) and cultured skin substitutes (CSS) 
[8]. Biomaterial can be natural (collagen, chito-
san, HA) and synthetic (PEG, PLA, PLGA and 
their combinations) [25]. CEAs are cultured 
autologous keratinocytes obtained from patient’s 
skin biopsy or from cadaveric skin [26]. 
Epidermis is separated from dermis and then 
keratinocytes are enzymatically isolated and cul-
tured in  vitro [27]. Possible complications are 
scar formation, contraction, and hyperkeratosis 
and incomplete healing of deeper wounds. 
Autologous keratinocytes suspension can be 
directly sprayed on the wound injury [28]. CSS is 
an autologous bilayered skin substitute suitable 
for permanent wound coverage but is time- 
consuming and expensive [8].

44.2.5  Anatomical Structure  
of Substitutes

The structure of the substitutes is similar to the 
anatomy of the skin, which is composed by three 
layers: avascular epidermis, vascularized der-
mis, and hypodermis [29]. The skin substitute 
can serve as a replacement for epidermal, der-
mal, or composite bilayer dermoepidermal tis-
sues [13]. Epidermal substitutes are utilized in 
superficial wounds and second degree burns. The 
possible limitations are the high costs, fragility, 
long preparation, and poor esthetic outcomes 
[23, 30].

Dermal substitutes can be cellular or acellular 
and have allogeneic, xenogeneic, or synthetic ori-
gin [21]. The first step of a dermal substitute is to 
provide a dermis-like structure that is replaced by 
fibroblasts, endothelial cells, and inflammatory 

cells. The scaffolds are engineered to support cell 
growth, migration, revascularization, and neoder-
mis formation. Neodermis (new cells and vascu-
larization) is formed in 3 to 4 weeks after grafting 
[31]. Secondly the substitute can be covered by 
skin grafts or different tissue-engineered skin 
substitutes [20]. Dermal substitutes are not 
always cost-effective procedure and can be asso-
ciated with pain and complications [32]. 
Dermoepidermal (composite) substitutes were 
manufactured since 1990 by association of epi-
dermal and dermal layers and are indicated for 
full thickness wounds [33]. An ideal dermoepi-
dermal skin substitute provides a suitable skin 
barrier and is non-immunogenic. The bilayered 
skin analogs contain autologous or allogeneic 
keratinocytes and fibroblasts seeded on 3D scaf-
folds and are indicated for temporary use [34]. 
Autologous cells are obtained from skin biopsy 
after 4 weeks of cultivation and insert to collagen- 
GAG based structure [35]. The possible compli-
cations are poor elasticity, graft contraction, and 
alteration of pigmentation [13].

44.3  Commercially Available Skin 
Substitutes

44.3.1  Epidermal Substitutes

BioSeed-S® is autologous keratinocytes re- 
suspended in an allogeneic fibrin sealant [21].

CellSpray is a suspension of non-cultured 
autologous keratinocytes [27].

EpiDex is a CEA composed by autologous 
keratinocytes derived from hair follicles and sili-
cone membranes [13].

Epicel® is composed by autologous keratino-
cyte sheets attached and petrolatum gauze sup-
port. It was the first CEA autologous skin 
substitute to become commercially available 
[36]. 3 to 4  cm2 of donor skin are expanded to 
5000- to 10,000- folds in 3–4 weeks. The petrola-
tum gauze support is removed one week after 
Epicel transplantation [37].

MySkin™ is composed by autologous kerati-
nocytes with a synthetic silicone layer [27].
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44.3.2  Dermal Substitutes

Alloderm® is an acellular poor immunogenic 
cadaveric dermal substitute, composed of a col-
lagen scaffold. The scaffold allows the migration 
of fibroblasts and endothelial cells and can be 
covered by thin grafts [38].

Biobrane® is an acellular synthetic bilayer 
skin substitute composed of dermal layer of por-
cine collagen type I around a 3D nylon filament 
and an epidermal layer of thin semipermeable 
silicone film. Biobrane® is utilized as temporary 
coverage in pediatric and adult wounds [39].

Dermagraft™ is a monolayer allogenic der-
mal equivalent formed by culturing human fibro-
blasts in polyglactin mesh scaffold. The 
fibroblasts produce dermal matrix proteins, col-
lagen, growth factors, and cytokines. The indica-
tions are chronic wounds and in particular 
diabetic foot ulcers [27].

GraftJacket is a cellular cryopreserved allo-
genic dermal collagen [40].

Integra™ is an acellular non-immunogenic 
dermal substitute contained a dermal layer of 
porous crosslinked bovine collagen and 
chondroitin- 6-sulfate GAG and an epidermal 
layer of synthetic silicone polymer. The silicon 
layer provides a temporary coverage of the 
wound and can be covered secondly by a thin 
autograft. The dermal scaffold allows the migra-
tion of dermal cells such as fibroblasts and other 
cells that synthesize endogenous matrix compo-
nents [41, 42].

Matriderm® is an acellular bovine collagen 
type I matrix and α-elastin hydrolysate lyophi-
lized dermis [39].

TransCyte is a porcine dermal type I collagen 
coated with bio-absorbable polyglactin and with 
a silicone film, covered to nylon mesh containing 
allogenic neonatal foreskin fibroblasts [40].

44.3.3  Dermoepidermal (Composite) 
Substitutes

Apligraf ™ is a bilayer allogenic skin equivalent 
composed by epidermal and dermal equivalent 
layers. The dermal layer is formed by culturing 

human neonatal fibroblasts and bovine collagen I 
and provides matrix proteins, growth factors, and 
cytokines. The epidermal layer is composed by 
human neonatal keratinocytes cultured on top of 
the dermal layer and secondly incubating the 
bilayer substrate in an air–liquid interface to 
induce keratinocyte cornification [29].

OrCel™ is a bilayer substitute composed of 
bovine type I collagen matrix, fibroblasts, and 
cultured neonatal keratinocytes. Fibroblasts 
release cytokines and growth factors like TGF-α, 
fibroblast growth factor-1 (FGF-1), and keratino-
cyte release growth factor-1 (KGF-1, 43).

PolyActive: It is a synthetic polyethylene 
oxide terephthalate and polybutylene terephthal-
ate (PEO/PBT) scaffold with fibroblast and 
autologous keratinocytes [15, 22].

TissueTech Autograft System (Laserskin 
and Hyalograft 3D): Hyalograft® is a dermal 
substitute, Composed by hyaluronic acid mem-
brane and autologous fibroblasts. Laserskin is 
an epidermal substitute of autologous keratino-
cytes [43].

Tiscover™ (A-Skin) is an autologous full 
thickness cultured skin, composed of a pigmented 
epidermis on fibroblast dermis [23].

44.4  Conclusions

The function of skin substitutes is to regenerate 
partial or full thickness wounds and can be used 
as temporary or definitive coverage. They can be 
composed by different biomaterial, scaffolds, 
cells, and growth factors. Bioactive living cells 
produce growth factors and cytokines that help 
recruit host cells into the matrix. The process is 
often time-consuming and can take about 
3–4 weeks in composite substitutes. The possi-
ble limitations are scar formation, poor integ-
rity, and high price [44]. Cost analyses showed 
that despite high initial costs, skin substitutes 
can improve wound healing and reduce morbid-
ity, compared with standard therapy [45, 46]. 
Innovations in cell tissue culture approaches 
and large-scale production will reduce in the 
future the cost and will produce higher quality 
skin analogs [47].
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45.1  Introduction

The understanding of the immunological mecha-
nisms underlying inflammatory diseases has 
allowed the development of a new class of drugs, 
called “biological,” which mimic the action of 
human proteins and interact with circulating pro-
teins or cellular/extracellular targets, blocking 
their activities. The main application of biologics 
in dermatology concerns psoriasis, atopic derma-
titis, and recently hidradenitis suppurativa, with a 
growing interest in chronic wound management 
which is the topic of this chapter.

The chapter is divided into two parts: the first 
one introducing the different types of biological 
drugs used in the dermatological field and the 
second one about their practical applications in 
the treatment of skin ulcers.

45.2  Part One

Among the biological drugs, based on the com-
position and the mechanism of action, we can 
distinguish two different classes of molecules: 
the monoclonal antibodies identified by the -mab 
suffix and the fusion receptor proteins identified 
by the -cept suffix.

The former consists of the fragment of the 
constant region (Fc) of human IgG1 immuno-
globulins coupled to binding sites derived from 
murine antibodies. Based on the number of 
murine sequences present in the molecule, we 
distinguish chimeric antibodies (-ximab), con-
sisting of the fusion of human and murine com-
ponents, humanized antibodies (-zumab) in 
which murine amino-acid sequences are present 
in a minimal fraction (generally 3–5%), and 
human antibodies (-umab) without murine 
sequences.

Receptorial proteins (-cept) derive from the 
fusion of a human IgG Fc portion with the extra-
cellular domain of a ligand-specific membrane 
receptor. The Fc portion of human IgG has the 
function of stabilizing the receptor structure, 
increasing its half-life, and thus reducing the fre-
quency of the administrations [1].

The targets of these drugs are the cytokines 
and the small molecules involved in the patho-
genesis of inflammatory diseases and finally also 
in skin ulcers.

45.2.1  Tumor Necrosis Factor Alpha 
(TNF-α)

TNF-α is a pro-inflammatory cytokine that has 
been demonstrated to be elevated in the skin and 
serum of patients with an inflammatory condition 
compared to healthy controls.
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Limiting TNF-α receptor activation has been 
shown to decrease serum levels of C reactive pro-
tein, IL-1, IL-6, and immune cell adhesion mark-
ers, thus resulting in decreased inflammation.

The biologics targeting this molecule with an 
application in chronic wound therapy are:

• Infliximab: a chimeric human-murine mono-
clonal antibody (mAb) that binds to both solu-
ble and membrane-bound TNF-α.

• Adalimumab: a fully humanized IgG1 mAb 
that binds to both soluble and membrane- 
bound TNF-α.

• Etanercept: a fully humanized fusion protein 
composed of the TNF-α receptor and IgG1- Fc. 
It works as a decoy receptor for soluble and 
membrane-bound TNF-α and, unlike the 
other TNF-α inhibitors, etanercept also 
 demonstrates activity against TNF-β 
(lymphotoxin-α).

• Certolizumab pegol: one of the newest anti- 
TNF- α agents available. It is a humanized Fab 
fragment of an anti-TNF-α mAb that lacks the 
Fc portion and because of this it does not 
induce complement-dependent cytotoxicity, 
antibody-dependent cell-mediated cytotoxic-
ity, or apoptosis [2–7].

45.2.2  Interleukin-1 (IL-1)

IL-1 is intensely produced by tissue macrophages, 
monocytes, fibroblasts, and dendritic cells, but is 
also expressed by B lymphocytes, NK cells, 
microglia, and epithelial cells. These cytokines 
increase the expression of adhesion factors on 
endothelial cells to enable diapedesis of immuno-
competent cells, such as phagocytes, lympho-
cytes, and others, to the sites of inflammation.

To date, two IL-1 blocking drugs, anakinra 
and canakinumab, have been successfully used in 
treatment of wounds, in particular pyoderma gan-
grenosum [8].

• Anakinra: It is a homologue of the human 
interleukin-1 receptor antagonist (IL-1RA) 
that competitively inhibits binding of IL-1α 
and IL-1β to the IL-1 receptor type 1.

• Canakinumab: a human IgG1κ mAb targeting 
IL-1β.

45.2.3  Interleukin-12/23 (IL-12/23)

IL-12 is involved in the differentiation of Th1 
cells, and it is important for expansion and main-
tenance of Th17 cells. Th17 cells produce IL-17, 
which increases neutrophilic recruitment.

• Ustekinumab: It works by blocking the com-
mon p40 subunit of IL-12 and IL-23 and pre-
vents these cytokines from interacting with 
their receptor [9].

45.2.4  Interleukin-6 (IL-6)

IL-6 is a pro-inflammatory cytokine and strong 
inducer of the acute phase response. Elevated 
serum levels have been observed in patients 
with inflammatory disease and, along with 
other cytokines, IL-6 is involved in the activa-
tion and accumulation of neutrophils in tissues 
[10].

• Tocilizumab: It is a humanized anti-IL-6 
receptor (IL-6R) mAb with activity against 
both soluble and membrane-bound receptors.

45.2.5  Phosphodiesterase 4 (PDE4)

Phosphodiesterase 4 (PDE4) is an enzyme pri-
marily expressed in immune cells that is respon-
sible for the hydrolysis of cyclic adenosine 
monophosphate (cAMP). Inhibition of PDE4 
results in elevated levels of cAMP, which modu-
lates a variety of signaling pathways involved in 
production of inflammatory mediators.

• Apremilast: It is an oral selective PDE4 
inhibitor approved in 2014 for the treatment 
of psoriasis. It inhibits production of TNF-α, 
IFN-γ, CXCL9, CXCL10, IL-2, IL-12, 
IL-23, macrophage inflammatory protein 1α, 
monocyte chemoattractant protein 1, and 
granulocyte macrophage-colony stimulating 
factor in peripheral blood mononuclear cells; 
it also inhibits IL-8 production from neutro-
phils and TNF-α production by natural killer 
(NK) cells and keratinocytes [11, 12].

A. De Pascalis and V. Dini



467

The contraindications and possible side effects 
of biologics have been studied mainly for TNF-α 
inhibitors and mainly concern the possible devel-
opment of infections and malignancies.

Although randomized controlled trials and 
some observational studies have not shown an 
increased risk of severe infections with the use of 
anti-TNF-α, there is a potential risk of reactiva-
tion of a latent tuberculosis infection and for this 
reason it is recommended to perform a 
Quantiferon Gold test and a chest x-ray before 
starting the treatment. For the same reason and in 
the absence of evidence to prove otherwise, it is 
also recommended to exclude latent infection by 
HIV, HBV, and HCV [13, 14].

Most of the studies evaluating the incidence of 
malignancies with TNF-α antagonists have been 
conducted in patients with rheumatoid arthritis 
and IBD, who were on multiple immunosuppres-
sive drugs that synergistically increase the rate of 
malignancies with TNF-α antagonists. A meta- 
analysis of randomized control trials examining 
the risk of malignancies in psoriatic patients 
found no statistically significant increased risk of 
malignancy. Most malignancies found during the 
placebo-controlled portions of the trials were 
non-melanoma skin cancer (70.6%). However, 
long-term studies are needed to assess the risk of 
cancer with anti-TNF-α therapy in psoriasis or in 
other skin diseases.

Besides it has been shown that the baseline 
risk of lymphoma (Hodgkin’s and cutaneous 
T-cell lymphoma) irrespective of treatment is 
high in patients with psoriasis as for RA. Despite 
the controversial results regarding the risk of 
malignancies, including non-melanoma skin can-
cers (NMSC) and lymphoma with TNF-α antago-
nists, all patients and particularly those with 
history of multiple immunosuppressive therapy 
should be screened for any potential malignancy 
before and during anti-TNF-α therapy. Skin and 
lymph node examination should be carried out at 
baseline, 6 monthly for first year and yearly 
thereafter [15–17].

The development and re-ignition of demyelin-
ating diseases, sometimes associated with perma-
nent disability, was recorded both in therapy with 

infliximab and etanercept. Some cases of proba-
ble demyelinating syndrome have also been 
reported with adalimumab.

The mechanism of induction of these condi-
tions is not known, and the appearance of them 
in the course of therapy with anti-TNF-α has 
also occurred in patients who did not have any 
previous neurological manifestations. Other 
neurological diseases have also been described 
(e.g., transverse myelitis, aseptic meningitis, 
optic neuropathy, and Parkinson’s disease), but 
the size of the problem does not seem to be 
defined [18].

Congestive heart failure in the NYHA III or 
IV class is an absolute contraindication to the use 
of infliximab and adalimumab and a precaution 
for the use of etanercept due to the substantial 
danger of deterioration of a pre-existing condi-
tion and death of the patient, even in cases where 
there isn’t an increased cardiovascular risk. 
Besides both with etanercept and with infliximab 
are also reported cases of congestive decompen-
sation of new onset even in the absence of known 
risk factors [19].

Infusion reactions (infliximab) or local reac-
tion at the injection site (etanercept, adalimumab) 
are frequent, but only rarely are, for example, to 
induce withdrawal of treatment.

Observation of adequate administration pro-
tocols greatly reduced the incidence of acute 
infusion reactions, generally well controllable 
with symptomatic therapy. Delayed reactions are 
also rare occurring in less than 1% of cases, 
especially in patients undergoing re-treatment; 
with subcutaneous agents, mild local reactions 
are quite frequent, but they almost never need to 
be discontinued [20].

45.3  Part Two

Skin ulcers in which the inflammatory compo-
nent, whether local or systemic, is primary in 
the pathogenesis are the main target of biolog-
ics: pyoderma gangrenosum and vasculitic 
ulcers are the most mentioned in scientific 
papers.
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45.3.1  Pyoderma Gangrenosum

Pyoderma gangrenosum (PG) is a rare neutro-
philic dermatosis. PG can be associated with 
various disorders, mainly with autoimmune- 
mediated inflammatory conditions, but in up to 
40% of patients it is idiopathic. Treatment of PG 
should be directed to first control the underlying 
systemic disease in combination with a good 
local wound care. The use of pharmacologic 
agents such as steroids and immunosuppressive 
drugs is fraught with potential adverse effects 
and not always successful [21].

Recent studies have demonstrated that PG 
lesions overexpress interleukin IL-1β, IL-8, 
IL-17, IL-23, tumor necrosis factor α (TNF-α), 
chemokines 1, 2, 3, and 16, metalloproteinases 2 
and 9, and Janus kinase (JAK)-1, -2, and -3. These 
inflammatory mediators provide multiple oppor-
tunities for targeted immunologic therapies [2].

• TNF-α Inhibition: There is a mounting evi-
dence supporting the use of TNF-α agents as 
first-line treatments for PG, with a recent large 
systematic review reporting higher response 
rates with infliximab or adalimumab com-
pared to steroids, cyclosporine, or other 
immunomodulatory medications [22]. No 
drug in this class has been proven to be supe-
rior to the others. To date, infliximab is the 
only biologic medication that has been sub-
jected to a randomized, double-blind, placebo- 
controlled trial for the treatment of PG: 69% 
of patients who received infliximab at a dose 
of 5 mg/kg demonstrated a beneficial response 
at the conclusion of the study, which includes 
21% who were in complete remission [23]. 
Data regarding the use of adalimumab for the 
treatment of PG are limited to case reports and 
small case series; however, the majority of 
them reported complete resolution or some 
degree of clinical improvement. To date, there 
are 20 published case reports and small case 
series describing the use of etanercept for PG 
in 28 different patients. Improvement was 
documented in 21/28 patients, with 17/28 
achieving complete resolution and 4/28 dem-
onstrating some degree of clinical improve-

ment. There are currently only two published 
cases reporting on the use of certolizumab 
pegol for the treatment of PG: in both cases, 
the patients achieved complete remission.

• IL-1 Inhibition: PG is one component of sev-
eral complex medical syndromes (PAPA, 
PASH, etc.) associated with specific muta-
tions in the PSTPIP-1 gene. The downstream 
effect of PSTPIP-1 mutation is activation of 
the inflammasome and increased IL-1 pro-
duction. It follows that targeted treatment of 
PG in these specific syndromes would block 
IL- 1- mediated inflammation [24]. To date, 
two IL-1 blocking drugs, anakinra and 
canakinumab, have been successfully used to 
treat these PG- associated syndromes. 
Anakinra has approximately 95% bioavail-
ability but has a half-life of only 4–6 hours. 
Accordingly, large doses must be adminis-
tered daily to compensate for rapid clear-
ance. From 9 case reports published on the 
use of anakinra for the treatment of PG, 10 of 
12 patients experienced either significant 
clinical improvement or complete resolution. 
Unlike anakinra, canakinumab is IL-1β spe-
cific and has a longer half-life of approxi-
mately 1 month. Five patients were enrolled 
in a phase II multicenter open-label pilot 
study investigating the use of canakinumab 
for the treatment of PG and four additional 
published cases are reported on the use of 
canakinumab for PG as well. Of these 10 
patients treated with canakinumab, 6 demon-
strated complete resolution, 1 experienced 
clinical improvement, and 3 were refractory 
to treatment.

• IL-12/23 Inhibition: Given that the hallmark 
of PG is neutrophilic infiltration of the skin 
and that IL-23 is overexpressed in PG lesions, 
inhibiting these pathways should translate to 
clinical improvement of PG. Indeed, there are 
7 published case reports of ustekinumab suc-
cessfully being used to treat PG.

• IL-6 Inhibition: As elevated serum levels of 
IL-6 have been observed in patients with PG, 
the successful use of tocilizumab for the treat-
ment of PG has been reported in a single 
patient with co-existing rheumatoid arthritis.
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• PDE4 Inhibition: Due to its wide anti- 
inflammatory effects targeting many of the 
same pathways that overlap with drugs known 
to successfully treat PG, apremilast is likely a 
reasonable PG therapy. To date, there has only 
been one study evaluating apremilast for the 
treatment of recalcitrant vegetative PG: the 
patient, who presented with two ulcers, 
achieved complete healing of one ulcer and 
partial healing of the other when apremilast 
was added as adjuvant therapy in conjunction 
with oral prednisone.

Biologic therapy represents a promising way 
for treatment of PG, targeting cytokines and pro- 
inflammatory molecules that underlie disease 
pathogenesis. Among the biologics currently 
available, only infliximab has been tested in a 
randomized, double-blind, placebo-controlled 
trial showing its efficacy (this study included just 
thirty patients). The other molecules with their 
different mechanism of action have been tried 
with varying drug doses, frequency of dosing, 
methods for determining efficacy, and time to 
declare treatment success or failure, which makes 
comparison difficult. Besides, the majority of this 
data comes from single case reports or small case 
series. Finally, we have to say that since many 
biologic and small molecule therapies are rela-
tively new, there is a lack of long-term data 
regarding adverse effects and capability to main-
tain disease remission [25, 26].

45.3.2  Vasculitic Ulcers

Cutaneous small vessels involvement could rep-
resent a primary disorder or a clinical aspect of a 
systemic disease, with a vessel damage mediated 
by an immunological process that causes inflam-
mation and destruction of both the vessels and 
the perivascular tissue.

Skin ulcers may present as an early sign of 
the vasculitis or, more often, complicate the 
natural evolution of palpable purpura. A high 
number of ulcers are quite superficial, tend to 
regress in a short time, and leave only modest 
cutaneous dystrophic and/or pigmentary out-
comes. However, sometimes, the ulcerative 

lesions persist for a long time and become resis-
tant to the common therapies. In many cases, the 
ulcers are multiple and localized on the legs and 
feet [27].

Vasculitis associated to circulating c- and 
p-ANCA constitutes the most important group of 
the primary systemic vasculitis of the adult popu-
lation. Granulomatosis with polyangiitis (GPA), 
eosinophilic granulomatosis with polyangiitis 
(EGPA), and microscopic polyangiitis (MPA) are 
small vessel vasculitides associated with the 
presence of anti-neutrophil cytoplasmic antibod-
ies to proteinase 3 (PR3-ANCA) or myeloperoxi-
dase (MPO-ANCA).

Biologic drugs have an important role to play 
in clinical remission induction and maintenance 
of remission in severe ANCA-associated 
vasculitis.

Rituximab, an anti-CD20 IgG1 chimeric, 
murine/human monoclonal antibody, is recom-
mended by the American College of Rheumatology 
(ACR), British Society of Rheumatology (BSR), 
and the French Vasculitis Study Group (FVSG) as 
first-line induction therapy for newly diagnosed 
severe GPA or MPA.  As demonstrated by the 
RAVE trial data, rituximab is not inferior to oral 
cyclophosphamide, so it could be indicated in 
young women where cyclophosphamide may 
increase the risk of ovarian failure or in patients at 
increased risk of infection. In addition, rituximab 
is recommended for the management of severe 
relapsing GPA or MPA refractory to conventional 
immunosuppressant drugs, including a complete 
course of pulsed intravenous cyclophosphamide. 
Rituximab is also indicated as a therapeutic option 
in severe ANCA-associated vasculitis patients 
with incomplete or no clinical response to intrave-
nous cyclophosphamide or in whom cyclophos-
phamide is contraindicated [28, 29].

At present, in absence of clinical evidences, 
rituximab is not recommended in eosinophilic 
granulomatosis with polyangiitis (EGPA).

Anti-TNF-α biologic agents are at present not 
recommended for remission induction therapy in 
ANCA-associated vasculitis; however, some case 
reports and non-randomized open-label studies 
have provided few data which could justify the 
use of these biologics in certain relapsing refrac-
tory cases [29].
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Vasculitis can be a clinical aspect in course of 
connective tissue diseases, like rheumatoid 
arthritis (RA), systemic lupus erythematosus 
(SLE), Sjögren syndrome, and systemic sclero-
derma. It has been calculated that 5% of patients 
with RA may develop ulcers of vasculitic origin 
and a higher incidence has been described for 
SLE [30].

TNF-α antagonists, like infliximab, have been 
reported to be effective for treatment of skin 
ulcers in rheumatoid vasculitis; in addition, there 
have been several reports of TNF-α antagonist- 
induced vasculitis in patients with RA. Although 
the mechanisms underlying these pathological 
events are not fully understood, caution is 
required in the use of TNF-α antagonists for 
treatment of ulcers in rheumatoid vasculitis. We 
can say that based on a favorable benefit-to-risk 
profile, TNF-α antagonists are suitable therapeu-
tic options in patients who do not respond to 
other forms of therapy [31, 32].

Small vessel vasculitis in SLE has been shown 
to be a leukocytoclastic process, resulting from 
an immune complex-mediated inflammation of 
small vessel-sized arteries. In medium/large- 
vessel vasculitis, the underlying pathogenesis is 
more complex and was thought to be T-cell 
driven. B cells produce a variety of cytokines, 
including TNF-α and IL-6, which can be both 
pro- and anti-inflammatory. B cells produce anti-
bodies which may initiate auto-inflammatory 
responses. Thus, targeting B cells with anti-CD20 
monoclonal antibody, like rituximab, we can 
obtain a resultant decrease in antibody produc-
tion with reported results in treatment of refrac-
tory SLE [33].

More recently, belimumab, a monoclonal 
antibody that inhibits the B-cell survival factor 
BLyS which is thought to play a critical role in 
some patients with SLE, has shown benefit in 
musculoskeletal and cutaneous manifestations 
of SLE [34].

The efficacy of rituximab has been reported 
also for treatment of cryoglobulinemic vasculitis, 
which is often related to HCV infection. 
Deposition of mixed cryoglobulins in the walls of 
venules, capillaries, and arterioles may induce 
painful skin ulcers highly resistant to the therapy. 

HCV is able to infect B cells and induce their 
clonal expansion that may lead to the production 
of organ-specific autoantibodies. Rituximab 
interferes with monoclonal IgM production, 
cryoglobulin synthesis, and organ deposition of 
immune complexes and has shown to be highly 
effective in modifying the dynamics of B cells by 
deleting expanded clones [35].

At the end of this chapter we have to report 
two pilot studies, which showed the possible effi-
cacy of biologic therapy in venous leg ulcers 
(VLU), which cause up to 90% of lower extrem-
ity chronic cutaneous ulcers. In VLU pathogene-
sis, an important role is played by increased 
TNF-α levels both systemically and in ulcer tis-
sue, with consequent greater expression of matrix 
metalloproteinases, IL-1 and 6, and inflammatory 
cell adhesion molecules such as intercellular 
adhesion molecule-1 (ICAM-1), which cause 
increased proteolysis and inflammation, resulting 
in delayed healing [36].

In the first trial adalimumab, a fully human 
recombinant IgG1 monoclonal antibody against 
TNF-α, was tried in four subjects affected by 
recalcitrant VLUs along with compression ther-
apy. Overall, after two subcutaneous doses of 
40 mg each one, a 4-week wound size reduction 
was noted, and in patients with the percentage of 
4-week wound size reduction greater than 25%, 
this positively correlated with percent of TNF-α 
cytoplasmic staining score reduction [37].

In the second trial, infliximab was applied 
topically to eight patients with chronic ulcers of 
more than 4-month durations. Infliximab was 
applied repeatedly to ulcers either as a 10 mg/ml 
solution and covered with an adhesive sheet or as 
a gel formulation (0.45, 1, or 4.5 mg/g) under a 
hydrofiber dressing/adhesive sheet. After 4 weeks 
of treatment, surface area was reduced by more 
than 50% in 6 of the 14 treated ulcers. Within 
8  weeks, five ulcers completely healed, while 
another four were reduced by more than 75% in 
size [38].

These pilot studies indicate that future larger 
trials of biologic drugs are viable and may further 
elucidate the efficacy of this therapy for recalci-
trant VLUs and not only for pyoderma gangreno-
sum or vasculitic ulcers.
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Clinical Case
Female, 68 yrs, no comorbidities, pyoderma gan-
grenosum of the lower leg treated with infliximab 
5mg/kg IV for 4 doses every two weeks 
(Figs. 45.1, 45.2, 45.3, and 45.4).
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46.1  Introduction

Skin is the largest organ that comprises our body 
and it has several functions. Skin plays an impor-
tant role in maintaining the internal and external 
homeostasis of the human body. The major role 
of the skin is three-fold: to act as the protective 
barrier from all environmental or extrinsic factors 
such as extreme temperatures, UV radiation, or 
harmful chemicals; to serve as the first line of 
defense from foreign pathogens (bacteria, virus, 
fungi); and to free radicals that can affect skin 
health and integrity. Skin regulates body temper-
ature, maintains body fluid balance, synthesizes 
vitamin D, and is responsible for the different 
sensations [1, 2].

Skin has three different layers that are vital in 
the regeneration of wounds. The epidermis is the 
outer layer of the skin and is made of stratified 
squamous epithelial tissue. The dominant feature 
of this layer is commonly known as keratino-
cytes, which is responsible for the firmness and 
rigidity of the skin. The epidermis is also the site 
for pigment production, which is known as mela-
nin [1–3]. The dermis is the second layer of the 
skin and it has blood vessels, nerves, sweat 
glands, and hair follicles. It is divided into papil-
lary dermis and the reticular dermis. The fibro-
blast is an important dermal cell type in the 
dermis which is responsible for the production of 

collagen and extracellular matrix and essential 
for wound healing [1, 3]. It secretes collagen and 
elastin fibers which make the skin stronger and 
elastic. The third layer is hypodermis or subcuta-
neous fat, composed of adipose connective tissue 
that provides insulation, energy storage, shock 
absorption, and cushion between the skin and the 
skeletal structure [2].

Healthy skin integrity is vital for protection of 
what is inside the body. Its structure is important 
to maintain the maximum effect by providing an 
effective barrier from all harmful effects of the 
environment. Overtime, skin integrity is dimin-
ished due to loss of elastic tissue and thinning of 
the surface of the skin making it vulnerable to 
injuries.

A wound is defined as an injury or damage to 
tissues which breaks the skin integrity which is 
associated with the disruption of the structure 
and function of the skin [3]. Wound healing is 
essential as this is the body’s natural restorative 
response to tissue injury [2]. It is a complex pro-
cess of cellular events between various popula-
tion of cells that generates biological process 
consisting of the four different, but partially over-
lying steps involving coagulation, inflammation, 
proliferation, and remodeling or scar formation 
[4]. Impairment of the healing mechanism func-
tion might lead to chronic, nonhealing wounds 
and even scar tissue formation presented as 
keloids and hypertrophic scars [5]. There are 
 several factors including local and systemic fac-
tors that affect wound healing with deleterious 
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effects on the patient’s quality of life [6]. Local 
factors affecting wound healing include infec-
tion, impaired blood supply, wound type and site, 
recurrent trauma, and foreign body. Systemic 
factors include age, other illness such as diabetes, 
suppression of the immune response, malig-
nancy, vitamin deficiency, and smoking [6].

It has been over a decade and the search for 
the appropriate management for the recuperation 
of the wound is still not found. Different methods 
are tried and tested, from local practices to con-
ventional treatments, and yet the transition is 
slow to attain the perfect technique to produce 
better results. To achieve a more advanced treat-
ment for wound healing, new trends and innova-
tive treatment that help accelerate the wound 
healing process should be explored. Alternative 
treatment to the traditional method of wound 
healing is geared to stem cell therapy in which 
tissue homeostasis is guaranteed within special-
ized microenvironments called niches.

The niche is responsible in facilitating the 
regeneration and repair of its damaged cell tis-
sues [5]. Within the last few years, there are a lot 
of research and studies that have been published 
with regard to the wound healing application 
using autologous mesenchymal stem cells 
(MSCs), but still need more clinical evidence- 
based data. Despite the lack of well-designed 
controlled clinical trials, emerging clinical data 
on the safety of autologous bone marrow and 
adipose-derived tissue mesenchymal stem cells 
(MSCs) in wound healing warrant consideration 
of these cells in a wider range of applications 
including functional restoration of damaged tis-
sue and reconstruction of skin wound [7].

As stem cells have the capability to regenerate 
and repair damaged tissue, they also conduct the 
body’s healing response. A study in 2013 [4] 
showed that there is a significant effect of ASC 
(adipose stem cell) on wound healing through 
paracrine activity. This is a process wherein there 
is growth factor secretion, improvement of kera-
tinocyte and fibroblast, increased endothelial cell 
and macrophage, increased proliferation and 
neovascularization, and exhibition of antioxidant 
effects [4]. MSCs’ therapeutic potential is largely 
due to their ability to secrete proregenerative 

cytokines, modulate tissue injury, and its anti- 
inflammatory effect that makes them an attractive 
option for the treatment of chronic wounds [8].

In the Philippine setting, though stem cells 
showed promising result, there are still chal-
lenges to clinical implementation as no stem cell 
therapy for wound healing applications has yet 
been approved by the Food and Drug 
Administration (FDA). Major barriers to clinical 
translation of stem cell-based therapies include 
challenges in identifying the stem cell popula-
tions best suited for wound therapy, as well as 
developing optimized adjunctive therapies to 
protect and improve the regenerative capacity of 
stem cells within the wound environment [8]. In 
this chapter, combination treatment has been 
used to hasten the process of wound healing and 
to treat keloid scar that results from the abnormal 
proliferation of scar tissue at the site of injury 
after a wound healing takes place. Adipose- 
derived stem cell, fat transfer with enriched plate-
let rich plasma, hyperbaric oxygen therapy, 
lasers, light-emitting diode (LED), and electrical 
stimulation (ES) are discussed as treatment 
modalities. As with any of the novel technologi-
cal innovations currently available, understand-
ing of the advantages and disadvantages of the 
treatment and knowledge in optimal technique 
are vital to clinical success. In this fast growing 
field of regenerative medicine and as knowledge 
in tissue regeneration expands, the synergistic 
effect of combining various treatment approaches 
into wound may optimize the outcome.

46.2  Biological Process of Wound 
Healing

46.2.1  Inflammation

Hemostasis marks the start of wound healing pro-
cess. There are three steps that happen in a rapid 
sequence: vasoconstriction, platelet plug forma-
tion, and blood coagulation. Vasoconstriction, or 
clot formation in the wound keeps the platelet 
and blood vessel in the site of injury. The blood 
clot re-establishes hemostasis and provides a pro-
visional extracellular matrix (ECM) for cell 
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migration. Migratory cells use this matrix as a 
bridge to orchestrate the movement of cells in a 
particular path to the specific location for wound 
healing. It secretes protein factors that mediate 
wound healing, including platelet-derived growth 
factor (PDGF), endothelial growth factor (EGF), 
transforming growth factor (TGF-β), fibroblast 
growth factor (FGF), and vascular endothelial 
growth factor (VEGF) [3].

The inflammation starts right after tissue 
injury. In this phase, platelet adheres to the dam-
aged endothelial lining that releases adenosine 
diphosphate (ADP) that aggregates thrombocys-
tic propagation into the wound to stop the bleed-
ing. Platelet from α granules releases cytokines 
such as PDGF, Platelet Factor 4, and TGF that 
attract inflammatory cells including polymorpho-
nuclear cells (PMN), lymphocytes, and 
macrophages.

These PMNs are the main source of proin-
flammatory cytokines such as IL-1α, IL-1β, IL-6, 
and TNF-α that regulate the signaling cascades of 
inflammatory response and prevent infection. 
Platelet and the impaired tissue secrete vasoac-
tive amines (histamine, serotonin, and prosta-
glandins) that increase vascular permeability. 
Macrophages remove devitalized tissue and 
microorganisms through PMN debridement 
while regulating fibroblast activity in the prolif-
erative phase [2]. Once the inflammation sub-
sides due to macrophages and neutrophils, then 
the proliferation phase will start to work.

46.2.2  Proliferation

At this phase, wound restoration takes place. New 
tissue is formed and is made up of collagen and 
extracellular matrix. This phase is characterized 
by fibroblast migration, deposition of new ECM, 
and granulation tissue formation. Fibroblast 
migrates into a wound in response to TGF-β and 
PDGF which gives way to the production of col-
lagen (type I and type II procollagen) and matrix 
proteins such as hyaluronan, fibronectin, elastin, 
glycosaminboglycans, and proteoglycans [3]. 
Fibroblasts are very important in the wound heal-
ing process. It differentiates into myofibroblast, 

which stimulates contraction of the wound leading 
to a reduction of the wound size. Matrix metallo-
proteinases (MMPs) such as MMP-1, MMP-2, 
and MMP-3 play a vital role in migration of fibro-
blasts into the wound matrix [2]. The presence of 
growth factors and cytokines (VEGF, FGF, angio-
poietin, and TGF-β) triggers epithelial cell prolif-
eration and migration through the new tissue [3]. 
Several MMPs including MMP-1, MMP-2, MMP-
9, MMP-19, and membrane-associated MT-MMPs 
stimulate formation of new blood vessel (angio-
genesis) and re-epithelialization of the wound sur-
face [2, 9]. Collagens play a significant part in 
wound recovery due to its chemotactic role [9], 
wherein it attracts fibroblasts and keratinocytes to 
the wound to create a paracrine loop and secrete 
cascades of matrikines [1, 2]. There is an increase 
in tensile strength of the wound due to the produc-
tion of collagen type III. Remodeling of collagen 
is essential for the transition of granulation tissue 
to scar and once the balance between collagen syn-
thesis and degradation is completed, wound matu-
ration begins [3].

46.2.3  Remodeling

The transition from granulation to wound re- 
epithelialization marks the start of tissue remod-
eling [1]. During maturation stage wherein 
wound closure takes place, type III collagen 
becomes gradually degraded and production of 
type I collagen increases [3]. Throughout the 
remodeling, there is a reduction in the hyaluronic 
and fibronectic acid, which are degraded by cells 
and plasmatic metalloproteinase [10]. In remod-
eling phase, PDGF helps break down old colla-
gen by regulating matrix metalloproteinases [3] 
and growth factors such as TGF-β, EGF, IGF-1, 
and FGF-2 [2, 3]. At this stage, final scar tissue is 
being formed by the concurrent synthesis and 
disintegration of collagen. During this phase, the 
repairs actively present during the proliferation 
phase are made even stronger. The original col-
lagen (collagen type III) is replaced with a differ-
ent stronger type of collagen (collagen type I). 
Eventually, the growth of capillaries stops, blood 
flow to the area declines, and metabolic activity 
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at the wound site decreases [3], leading to a fully 
matured scar with a decreased number of cells 
and blood vessels with a strong tensile strength 
[3]. This last stage of wound healing usually 
leads to developing a fibrous tissue that changes 
normal skin after tissue injury known as a scar.

Much has been said and done with regard to 
how wound will be regenerated. Currently, stem 
cell therapy is the most promising alternative 
treatment available that has repair and regenera-
tive property for tissue regeneration. This has 
vast potential to improve management treatment 
for the nonhealing wound and to reverse the vis-
ible factors that affect wound healing process [1].

46.3  Stem Cells Meet Wound 
Healing

Preventive and regenerative medicine is the 
direction that Medical Science will go to as an 
innovative approach of treatment. As the knowl-
edge and the science improve over time, it will 
have more treatment options using the techno-
logical advances that will address a wider variety 
of conditions and illnesses. Stem cell therapy is 
just one of the many types of cellular therapy that 
preventive and regenerative medicine uses. It 
gained interest as a promising treatment approach 
to augment tissue regeneration [8].

Stem cells are found all over the body. They 
are just like in a deep sleep, but when triggered it 
will perform its duty to repair, replace, or restore 
damaged tissue. Stem cells are characterized by 
multipotency and undifferentiated cells that have 
the ability to self-renew and give rise to different 
specialized types [3]. There are various sources 
of stem cells based on where they originated 
from, categorized into the following: embryonic 
stem cells (ESCs), umbilical cord stem cells, and 
adult stem cells. Stem cells’ role in wound heal-
ing is greatly valued and due to this reason a lot 
of regenerative therapies for wound healing are 
being developed both for animal and human 
studies as they are able to produce promising 
results. Stem cells’ capacity to differentiate into 
multiple cell lineages (osteoblasts, chondro-
blasts, adipocytes, tenocytes, and myocytes) 

serves as an impact to the environmental ele-
ments, and promotes healing factors that stipu-
late a great potential as a therapeutic tool for 
wound healing [5].

46.4  Adult Mesenchymal Stem 
Cells in Wound Management 
and Tissue Engineering

Mesenchymal stem cells derived from adult stem 
cells can be isolated from different types of tis-
sues, including bone marrow, adipose tissue, 
synovium, dermis, peripheral blood, umbilical 
cord, and placenta [11]. In 1966, MSCs was first 
isolated from bone marrow [8] by their ability to 
adhere to the plastic surface. In 2005, The 
International Society for Cellular Therapy 
(ISCT) [12] standardized the definition of MSCs 
due to the inconsistencies of MSCs nomencla-
ture and biologic criteria. MSCs are defined as 
“fibroblast- like plastic-adherent cells, regardless 
of the tissue from which they are isolated, be 
termed multipotent mesenchymal stromal cells, 
while the term mesenchymal stem cells is used 
only for cells that meet specified stem cell crite-
ria.” As there is no specific cell surface marker to 
MSCs, the ISCT suggested three criteria for 
classifying human MSCs: (a) the cells must be 
plastic- adherent using tissue culture flasks, (b) 
must express surface markers CD73, CD90, and 
CD105 and must not express markers of hemato-
poietic markers CD14, CD34, CD45, CD11β, 
CD79α or CD19 and HLA class II surface, (c) 
the cells should be able to differentiate into 
osteoblasts, adipocytes, and chondroblasts path-
way [12].

The MSCs therapeutic benefit is characterized 
by the release of trophic mediators such as vascu-
lar endothelial growth factor (VEGF), stromal 
cell-derived factor-1 (SDF-1), epidermal growth 
factor (EGF), keratinocyte growth factor (KGF), 
insulin-like growth factor-1 (IGF-1), and matrix 
metalloproteinase-9 (MMP-9) that promotes for-
mation of new vessels, endogenous progenitor 
cells recruitment, and cell differentiation, 
 proliferation, and formation of extracellular 
matrix during wound healing process [8].
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MSCs manifest immunomodulatory proper-
ties through the secretion of the following: 
interferon-λ, tumor necrosis factor-α, 
interleukin-1α, and interleukin-1β and also by 
activation of nitric oxide synthase. MSCs regu-
late fibrosis and inflammation by secreting pros-
taglandin E2 that further promotes tissue healing 
and reduces scarring [8]. Moreover, MSCs dem-
onstrate bactericidal properties via secretion of 
antimicrobial human cathelicidin protein (hCAP- 
18 or LL-37) in response to phagocytosis [8, 12].

46.4.1  Bone Marrow-Derived 
Mesenchymal Stem Cells 
(BM-MSCs)

In 1966, Friedenstein et  al. [8] first isolated 
BM-MSCs by harvesting from human through 
aspiration of the bone marrow in the iliac crest. 
Bone marrow contains hematopoietic stem cells 
(HSCs), mesenchymal stem cells (MSCs), endo-
thelial progenitor cells (EPC), and many other 
cells [3]. BM-MSCs are characterized by surface 
markers such as CD36 and negative CD106 [2] 
and have another surface marker neural ganglio-
side (GD2) that distinguished them from other 
surrounding marrow elements [13].

BM-MSCs promote repair when applied to 
cutaneous wound and release high levels of 
growth factors helpful in normal wound healing. 
It also provides an important early signal for der-
mal fibroblast responses to injury, wherein there 
is emergent proof that paracrine activity is the 
main and vital tool by which MSCs promote 
wound repair and healing [10].

In a clinical case series study in 2003 by 
Badiavas et  al. [3], BM-MSCs were applied to 
chronic wounds and showed decrease in the size 
of the wound and increase in dermal vascularity 
and thickness in histology. In this study, promis-
ing and remarkable result of the management of 
wound healing is manifested wherein they 
administer direct administration of the injected 
bone marrow-derived stem cells into the wound 
that resulted to decreased wound scarring, and 
subsequently followed by application of topical 

BM-MSCs into the injured tissue surface where 
closing of chronic ulcers in 3 patients is achieved 
[3, 12, 14].

BM-MSCs treatment in cutaneous wound 
established acceleration in wound healing 
kinetics, increased epithelialization and angio-
genesis. BM-MSCs are sources of important 
signals that control proliferation of dermal 
fibroblast, migration and gene expression to 
cutaneous wound. This improved wound repair 
has been seen in acute and chronic wounds in 
human [10].

46.4.2  Adipose-Derived Stem Cells 
(ADSCs)

ADSCs are isolated from the stromal vascular 
fraction (SVF) of fat tissue [2]. SVF consists of 
heterogeneous cells including pre-adipocytes, 
adipocytes, macrophages, endothelial progenitor 
cells (EPCs), adipose-derived stem cells 
(ADSCs), and also many growth factors such as 
bFGF, IGF-1, VEGF, and PDGF-BB [1]. ADSCs 
are plastic-adherent and source for multipotent 
stem cells similar to BM-MSCs that can be dif-
ferentiated into various lineages including bone, 
fat, cartilage, and muscle. ADSCs are character-
ized by different surface markers (CD34+ CD73+, 
CD90+, CD105+, CD44+, CD45−, CD31−), which 
distinguish from BM-MSCs gene expressions 
CD36 and CD106 [2].

ADSCs are considered as the ideal stem cell 
for regenerative clinical application. The ADSCs 
have the aptitude to go through different lineages 
as adipogenic, osteogenic, chondrogenic, neuro-
genic, and myogenic differentiation [15]. Since 
the MSC from fat tissue gives a huge amount of 
cell yield upon isolation, it makes it an alterna-
tive source to bone marrow and is the most 
favored cell type for wound repair and regenera-
tion [13, 15]. Aside from stimulating angiogen-
esis, additional potential of ADSCs has been 
revealed. It is also to function as pericytes to pro-
vide vascularity stability wherein it can interact 
with endothelial cells in response to environ-
mental stimuli [15].
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Stem cells reside in a specialized environment 
known as a niche that can control many aspects of 
the stem cells’ behavior, including proliferation, 
differentiation, and apoptosis (jones and wagers 
2008). Recent studies have suggested that the 
niche for the ADSCs is the vasculature of adipose 
tissue. The use of stem cell niches from fat tissue 
is vital in the field of plastic and cosmetic surgery 
[4]. In a study of Gir et al., there are 174 published 
clinical application of ADSCs in plastic surgery 
including soft tissue augmentation, wound heal-
ing, and tissue engineering [4]. Among MSCs, in 
dermatology the most popular ones include adi-
pose-derived stem cells (ADSCs). Adipose-
derived stem cells were analyzed as a cell source 
for the full-thickness skin defect repair [16].

Both ADSCs and BM-MSCs have signifi-
cant effect in wound healing as it manifests 
speedup of healing in an injured tissue [17]. As 
ADSCs exhibit similar characteristics that can 
be found in ranging from its immunopheno-
type, telomerase activity, gene expression, sur-
face antigen to the secretion of growth factors 
and cytokines [3, 17].

46.5  Adjunctive Treatment 
Modalities for Wound 
Healings

Poor wound healing affects the quality of life of a 
person such as the physical, emotional, financial, 
and social aspects. Due to these effects, immedi-
ate attention should be given and appropriate 
treatment must be provided [18]. The combina-
tion of adjunctive therapies to the main ones for 
wound healing such as growth factors and cyto-
kines, hyperbaric oxygen therapy [2], LED and 
lasers [18, 19] pulse electromagnetic field, and 
electrical stimulation [20, 21] helps in promoting 
healing process.

In dealing and managing nonhealing wounds, 
these combined modalities will aid current treat-
ment standard to be more innovative in the treat-
ment approach. It will provide appropriate 
medical care that are more advanced and has the 
capability to address whatever standard or tradi-
tional treatment has failed to do so.

46.5.1  LASER and LED

A study done by Mester et al. showed that low 
level laser therapy (LLLT) and LED therapy can 
be beneficial for acceleration of skin wound 
healing. In this study, he noted the beneficial 
effects of laser on rapid closure of wounds and 
tenacious ulcers. LED emits a narrow band of 
electromagnetic radiation when activated rang-
ing from ultraviolet to visible and infrared wave-
lengths. Klebanov et  al. established that both 
coherent laser and non-coherent light-emitting 
diode when compared had an effect on wound 
healing [19]. These therapeutic lights may help 
and can be an add-on in the available treatments 
for promoting skin wound healing. The biologi-
cal effects were similar and related to decreased 
in inflammatory cells, increased fibroblast pro-
liferation, stimulation of angiogenesis, granula-
tion tissue formation, and collagen synthesis 
[18].

46.5.2  Hyperbaric Oxygen Therapy 
(HBOT)

Hyperbaric oxygen therapy is considered as one 
of the adjunct therapy to conventional treatment 
for many indications, including radionecrosis, 
necrotizing fasciitis, chronic wounds, mainly in 
diabetic nonhealing wounds. HBOT increases 
blood oxygen content to cellular tissues 10 times 
more in the body than normal. It reaches areas of 
low oxygen perfusion that may benefit wound 
healing [22]. Hyperbaric oxygen uses in wound 
healing for a fact is that if used under certain 
pressure it can trigger angiogenesis, boost fibro-
blast proliferation, and increase immune function 
[2]. For optimal wound healing, proper oxygen 
level is vital. Hypoxia stimulates wound healing 
by secreting growth factors and angiogenesis, 
while oxygen is important to sustain healing pro-
cess of the wound (Bishop, 2008) HBOT is one 
of the therapeutic options that can address tissue 
hypoxia (Rodriguez et al., 2008) but due to the 
few evidences from clinical studies that indicate 
the effectiveness of HBOT in any type of ulcers 
or unmanageable wound, it is geared back to 
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stem cell therapy to drive into a particular man-
agement for chronic wounds that will act on sev-
eral modalities of wound healing [2].

46.5.3  Electrical Stimulation (ES)

ES is believed to invigorate the recuperation of 
wound process by emulating the natural electri-
cal current that happens in injured skin [20]. 
Conveyance of current further the progress of 
cellular activity in all phases of wound healing 
[21]. The migration of neutrophils and macro-
phages increases when electrical current is 
applied to wounded tissue and it stimulates pro-
liferation of fibroblasts. Electrical stimulation 
serves as an adjunct therapy for chronic wound as 
there is presence of improved blood flow and cir-
culation in the process of wound healing. ES is 
considered as an effective device for chronic 
wound healing based on most clinical trials and 
narrative reviews [20]. As it generates a respon-
sive effect on wound healing, many of those who 
are seeking for an adjunct tool that can help 
address the management available for chronic 
wounds and soft tissue regeneration may add this 
to their treatment approach.

46.5.4  Growth Factors and Cytokines

Growth factors and cytokines are the signaling 
cascade that is released at the wound site imme-
diately after injury. They are responsible for the 
stimulation of cell proliferation to the wound and 
promote cellular response during the entire 
phases of wound healing process [5, 23]. There 
are various growth factors that are involved and 
play a vital role in the process of wound healing 
such as that of platelet-derived growth factor 
(PDGF), in which it increases the healing rate in 
an acute wound and promotes complete healing 
in chronic wounds [23].

Growth factors currently involved in the pro-
cess of wound healing are the following: platelet- 
derived growth factor (PDGF), epidermal growth 
factor (EGF), fibroblast growth factor (FGF), 
insulin-like growth factor (IGF1, IGF2), vascular 

endothelial growth factor (VEGF), TGF-β, and 
keratinocyte growth factor (KGF), these range of 
growth factors may demonstrate potential in 
wound management [23].

PDGF is the only growth factor approved by 
the Food and Drug Administration (FDA) for 
clinical application [23].

46.6  Discussion and Conclusion

Though there is a limited clinical study on the 
impact of stem cell therapy on wound healing (or 
nonhealing wounds), the reports cited demon-
strated encouraging results (Fig. 46.1). The milieu 
of fundamental mechanisms involved in wound 
healing requires a thorough investigation. For this 
chapter, a case report of a Filipino female, age 21, 
signed an informed consent and authorization for 
alternative medical treatment prior to stem cell 
harvest from adipose tissue after meeting the eli-
gibility criteria set by the Centre. History of the 
patient started with a car accident obtaining a bad 
injury on the left foot (Fig. 46.1). Skin grafting 
was done and was hospitalized for four (4) weeks. 
Oral and topical antibiotics as well as other unre-
called medications were taken but the aforesaid 
treatments did not produce a satisfactory out-
come. The patient had a residual loss of sensation 
on the left medial foot making her unable to walk 
normally and tiptoe on the same side. Her slippers 
would fall off if not supported by a strap to keep it 
in place. As a compassionate treatment, stem cell 
therapy (autologous) was considered.

The harvested cells were incubated for 
24 hours and tested for its microbial, endotoxin, 
and viability prior to administration. Autologous 
adipose-derived stem cells with fat were trans-
planted using a gauge 18 cannula with a good 
take and produced wound closure. The patient 
was monitored for her vitals before treatment 
until 2 hours after the injection of cells into the 
left medial foot. A month later, the photos depict 
significant improvement on wound healing and 
complete closure of the chronic wound.

After a year, a second autologous adipose- 
derived stem cell with fat and PRP was again 
transplanted on the same area. In addition to 
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these, pulse electromagnetic therapy was applied 
after the stem cell transplantation for 5 minutes. 
Fractionated laser with erbium YAG was done at 
the site prior to topical application of the stem 
cell as well. She also had intravenous infusion of 
stem cells. This time, the patient started to feel 
pain on the previously sensory deficient area, 
which gradually disappeared in a month’s time. 
She started to identify the sensation with the pin-
prick test that was done as sharp or dull with high 
accuracy. The patient started to walk without dif-
ficulty and was further able to hold the tiptoe 
position on the left foot.

Since this is a preliminary clinical study, no 
attempts were made to understand the potential 
mechanism of action involved in the remarkable 
healing. The impact of the treatment to the psycho-
logical and clinical status has been for the better-
ment of the patient. The functional improvement 
on top of her esthetic improvement has brought 
greater quality of life, which the patient and the 
parents are very appreciative of. More importantly, 

after years of follow-up and recent communication 
with the patient, it has been seen that there were no 
safety issues or unexpected growth within the 
injected site. There were no adverse events noted 
post treatments until the present time with a 7-year 
interval from first stem cell treatment.

The adjunctive treatments done during and 
after stem cell therapy have helped synergisti-
cally to produce a better wound healing and 
esthetic outcome. Stem cell therapy has demon-
strated its ability to produce functional improve-
ment. Although no laboratory tests like 
electromyography, nerve conduction velocity 
tests, histopathology, and more were done, we 
cannot deny the fact that the patient started to 
regain sensation and is able to walk normally 
without difficulty as how she would before her 
accident.

This data was previously presented in various 
international conferences [24–27]. Also to note, 
the images presented are neither digitally 
enhanced nor manipulated.

a b

c d

Fig. 46.1 (a) Left foot before first autologous adipose- 
derived stem cells fat transfer. (b) Left foot after a month of 
treatment. (c). Left foot after 1 year and second autologous 

adipose-derived stem cells fat transfer and PRP injection. 
(d) Left foot after a year of second autologous adipose-
derived stem cells fat transfer and PRP injection follow-up
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Microbiopsy in Dermatology

Giulia Tonini, Elisa Cinotti, and Marco Ardigo

47.1  Introduction

Presently, histopathologic examination repre-
sents the practical reference standard for the 
diagnosis of neoplastic and inflammatory skin 
diseases [1, 2]. Cutaneous samples are collected 
by skin biopsy or excisional biopsy. Skin biopsy, 
using a punch biopsy tool or a scalpel, is per-
formed under local anaesthesia to remove a skin 
sample 2–4 mm in diameter. The residual wound 
is then either sutured or left to heal [3].

An excisional biopsy, performed using a larger 
4–6  mm diameter punch biopsy, a deep shave 
biopsy, or with a fusiform excision, is performed 
when the entire tumour is needed for histopatho-
logical examination, or in case of suspected mel-
anoma [3, 4].

These biopsy techniques are time-consuming 
and require local anaesthesia and sutures. 
Moreover, formalin fixing of samplers hinders 
molecular analysis [3].

In the “era” of bioengineering, the need for a 
deeper understanding of the pathology to be 
translated in the clinical diagnosis pushes the 
research on clinic-molecular biology correlation. 

This scientific process drives in the direction of 
the development of devices for, easy, minimally 
invasive tissue sampling for molecular studies. In 
this field, sub-millimetre skin punch biopsy 
(called microbiopsy) device has been developed 
to obtain sufficient tissue sample for molecular 
diagnosis and research [3]. This technology is of 
great interest and with potential usefulness in 
situations when conventional biopsies are not 
appropriate or a cosmetically sensitive area is 
involved or multiple lesions have to be screened.

47.2  Microbiopsy: Device 
and Technique

The microbiopsy devices are 0.50 mm wide and 
0.20 mm thick and contain a chamber within the 
centre plate to collect the skin sample. Chamber 
volumetric size is of 0.003 mm2 (more than 6000 
times smaller than a conventional 3  mm punch 
biopsy and more than 5 times smaller than an 18 
GA syringe needle) (Figs. 47.1 and 47.2) [3].

Microbiopsy technique is minimally invasive 
and does not require local anaesthesia. The aver-
age pain score measured with a numerical scale 
between 0 and 10 was 1.5 ± 1.1 in 20 healthy vol-
unteers [3].

Local erythema is observed after microbiopsy, 
but it is reported to resolve within 24 hours. The 
technique is suture-free. The excision site from 
microbiopsy heals quickly and the residual 
wound is closed within 1 day and is not visible 
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after 7  days (Fig.  47.3). Reflectance confocal 
microscope (RCM) images from the microbiop-
sied site showed the formation of a tiny crust that 
resolved by 3 weeks and was completely unde-
tectable by the naked eye (Fig. 47.4) [3].

The size of microbiopsy-caused defects has 
been demonstrated to be comparable to that of 
other artefacts commonly seen in routine sec-
tioned specimens [2, 5]. Microbiopsies also dif-
fer from conventional punch biopsies because 
they do not interfere with histopathologic diag-
nosis of melanocytic proliferations [2].

Microbiopsy sites can be targeted by dermos-
copy. Tan et al. coupled a transparent plate with a 
pinhole with a dermoscope to visualize the sam-
pling area. Once the area was identified through 
the pinhole, the dermoscope was removed, leav-
ing the plate in contact with the skin and making 

the area accessible to the biopsy device micronee-
dle. The microbiopsy device applicator was then 
aligned with the pinhole allowing for targeted 
sampling of the tissue [5].

A targeting sampling setting that uses RCM 
images as guide was recently developed 
(Fig.  47.5). In addition to dermoscopy, RCM 
allows the evaluation of the skin layers and it is 
able to show cellular details of melanocytes or 
keratinocytes aggregates (nests) that can be eas-
ily assessed, thus facilitating the selection of tar-
geted area for microbiopsy sampling. The RCM 
technique needs an “adhesive plastic window” 
and a “metal ring” to localize the target area 
within the lesion. RCM can provide an overview 
of the lesion through an en face mapping called 
mosaic that overlaps the dermoscopy picture and 
acts as a “virtual grid” guiding the target site of 
sampling. The 8 × 8 mm RCM mosaic is com-
posed by 16 × 16 individual images, each one of 
0.5 × 0.5 mm [6].

The success of the RCM-guided microbi-
opsy strongly depends on keeping the correct 
orientation of the lesion during imaging and 
biopsy in order to obtain a right guide of the 
sampling. After the removal of the metal ring, a 
flexible silicon-based orientation-maintaining 
ring is placed over the adhesive window to pre-
serve the alignment of the RCM examination 
window [6].

Fig. 47.1 Microbiopsy device

Fig. 47.2 Microbiospy device needle

Fig. 47.3 Dermoscopy of a nevus previously subject to 
microbiopsy. The arrow indicates the site of a microbi-
opsy spot performed 1 day before
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The sampling site can be marked by microbi-
opsy needles previously immersed with fluores-
cein (480  nm wavelengths) and it can later be 
displayed on RCM images overlapping reflec-
tance and fluorescence mode using a multiwave-
length confocal microscope [6].

The tissue sample obtained from epidermis 
and papillary dermis, composed of about 2000 

cells, is processed by extractors and specific kits 
to isolate DNA or RNA, which are quantified, 
qualitatively controlled and subjected to whole 
genomic or transcriptome amplification, respec-
tively. The aim is the identification of the target 
genes or proteins to be studied or that are known 
to be specific markers of the disease [3, 6]. The 
limited tissue provided by microbiopsy is only 
available for molecular biology but is not useful 
for histological examination.

Likely bigger chambers at the tip of the micro-
biopsy “needle” will be able to produce more tis-
sue for histology, but with the risk of more skin 
damage and pain [6].

47.3  Microbiopsy Application 
in Skin Oncology

Microbiopsy is an evolving technique. In upcom-
ing years, it may have a prospective role in mela-
noma diagnosis, risk stratification and 
personalized therapeutics [5].

Tan et al. practised three dermoscopy-targeted 
sampling with a microbiopsy device coupled 
with DNA sequence analysis in a melanoma in 

Fig. 47.4 Reflectance 
confocal microscope of 
a nevus previously 
subject to microbiopsy. 
The arrow indicates the 
outcome of microbiopsy 
performed 3 weeks 
before on a nevus

Fig. 47.5 Reflectance confocal microscope targeting set-
ting for sampling
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situ arising in a dysplastic nevus. Samples of 
DNA were extracted, amplified and sequenced 
for BRAF and NRAS mutation detection. The 
microbiopsy-extracted DNA samples revealed a 
BRAF wild-type melanoma in situ developing 
within a heterogeneous BRAF V600E mutant 
dysplastic nevus [5].

Sobarun et  al. used microbiopsy samples and 
quantitative polymerase chain reaction (qPCR) 
analysis to differentiate between a histopathologi-
cally proven superficial pigmented basal cell carci-
noma (BCC) and a superficial melanoma 
resembling a pigmented BCC (index lesion) in an 
80-year-old [7]. Five microbiopsies were executed 
in both lesions and in their perilesional skin. The 
expression of the melanoma signature genes Tyr 
(NM_000372), CMIP (NM_198390.2), and 
LINC00518 (NR_027793.1) and a BCC marker 
Gli1 (NM_005269.2) were investigated. Results 
of qPCR showed that LINC00518 and Tyr were 
upregulated in the index sample with a low expres-
sion of Gli1, thus suggesting that the index sample 
was a melanoma and not a BCC [7].

47.4  Detection of HPV DNA by 
Microbiopsy in Viral Warts

Tom et al. investigated the use of the skin microbi-
opsy for clinical sampling of cutaneous warts and 
surrounding healthy perilesional skin (1 cm from 
the wart) to detect spatial presence of human papil-
lomavirus (HPV) DNA [8]. Samples of two patients 
were collected using either a microbiopsy device or 
a skin surface swabbing method, using type-spe-
cific HPV PCR for HPV types 1, 2, 27 and 57 [9] 
or FAP method [10] for detecting HPV. The authors 
demonstrated that the skin microbiopsy is a practi-
cal method for the collection of clinical samples 
from skin lesions, allowing detection of viral DNA 
by PCR [8]. Microbiopsy-mediated sampling of 
cutaneous warts for the detection of HPV DNA is 
equally as effective as sampling, using a swabbing 
method, with the advantage of substantially 
improved positional precision with the micronee-
dle-based device [8].

47.5  Microbiopsy 
and Leishmaniasis

Visceral leishmaniasis (VL) is a potentially 
lethal, sand fly-borne disease caused by dissemi-
nated infections with Leishmania donovani spe-
cies complex protozoan parasites [11]. In 
endemic African countries, it is crucial not only 
to diagnose the VL cases that normally comprise 
a small minority of the infected population, but 
also to identify the asymptomatic carriers with 
high parasitaemia that are reservoir hosts for the 
anthroponotic transmission of L. donovani and 
possibly for L. infantum, potentially infectious to 
biting sand flies [12]. Host infectiousness is opti-
mally assessed based on the infection rates of 
insectary-reared vectors that had fed on it (xeno-
diagnosis), which is a laborious technique [13]. 
Leishmania is not only blood parasite, but after 
its inoculation into the skin by blood-feeding 
infected sand flies, it establishes dermal infec-
tions maintaining long-lasting parasitaemia in 
the skin around the site of the infectious sand fly 
bite [14].

Kirstein et  al. used microbiopsy devices 
developed by L.L. Lin and T.W. Prow in 262 
volunteers living in endemic area of Ethiopia 
and in leishmaniasis patients in order to deter-
mine the reservoir potential of infected asymp-
tomatic human [3, 12]. MB samples were 
extracted from the skin of the arm, the nape of 
the neck and the cheek, areas always exposed 
and generally preferred by biting sand flies. MB 
devices penetrate the skin to a depth of 200 μm 
and absorb blood and skin lysates mimicking 
blood meals. Blood samples were acquired by 
finger pricks [12]. The study confirmed the fre-
quent presence of dermal L. donovani infections 
in residents of endemic regions (137 of 262 vol-
unteers), regardless of whether they had previ-
ous history of VL or not. Infections were more 
frequently detected in small amounts of blood 
and skin extracted by MB than blood obtained 
by finger pricks, thus confirming that skin para-
sitaemia was prevalent in the asymptomatic vol-
unteer populations [12].
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Noninvasive Genetic Testing: 
Adhesive Patch-Based Skin Biopsy 
and Buccal Swab
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and Elisa Frullanti

48.1  Introduction

The gold standard to collect tissue samples is still 
surgical biopsy. Skin biopsy is the removal of a 
small part of skin performed by dermatologists. 
The size of this removal depends on the type of 
skin lesion but usually it does not exceed 2–7 
millimeters in width and depth. To date there are 
different types of skin biopsy that can be per-
formed according to different dermatological 
needs.

To take stock of the situation, we will do a 
quick overview of skin biopsies techniques per-
formed by dermatologists. Depending on the skin 
lesions and the different locations of the same, 
there are some types of biopsies that can be per-
formed (shave biopsy, punch biopsy, and exci-
sional biopsy) all correlated by the most common 
local lidocaine anesthesia. The shave biopsy is 
used to diagnose melanoma-in-situ, basal cell 
cancer and squamous cell carcinoma. The sur-
geon proceeds with the scraping of the lesion 
protuberant part, leaving the patient with smooth 

skin. Tools used for this procedure are the blade 
and the razor. The punch biopsy is indicated to 
diagnostic tests, small lesions and small esthetic 
removals. It is performed with a round blade 
shape able to penetrate the skin and to remove 
dermis and subcutaneous fat. Finally, the excision 
biopsy is essentially a punch biopsy with an ellip-
tical rather than circular cut and it is preferred for 
all those diseases that arise in the deep skin layers 
[1].

These skin biopsies are invasive procedures 
that could have many contraindications such as 
hemorrhages, infections, and allergic reactions to 
injected antibiotics. However, to date the skin 
biopsy is necessary to identify from the most 
mild to the most serious case, from a simple 
inflammation to a cutaneous neoplasia.

During the last years, there is a growing need 
to use minimally invasive or noninvasive 
approaches in order to obtain tissue samples 
without compromise quantity or quality. This 
was the driving challenge of the adhesive patch- 
based skin biopsy development.

48.2  Adhesive Patch-Based Skin 
Biopsy

Adhesive patch-based skin biopsy (APSB) is 
characterized by a small size patch with a 
19  mm in diameter that can be located on the 
skin of all parts of the body, except palms of the 
hands, soles of the feet, and mucous membranes 
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(Fig. 48.1). From the stratum corneum where the 
patch is applied, it is able to carry different cell 
types such as basal cells, T-cells, dendritic cells, 
and many other skin cells. Four patches on the 
same area are sufficient to have the whole cellu-
lar representativeness of the analyzed skin area 
[2]. Cells so isolated by patches are analyzed via 
transmission electron microscopy (TEM), while 
RNA and DNA are isolated from lysis cell and 
analyzed with a Sanger sequencing for genetic 
tests. Even if the ultimate goal is to analyze DNA 
sequence involved in neoplastic cells, in the 
same way patches allow to take samples enriched 
as proteins, exosomes, lipids, and microbiome.

APSB represents the new diagnostic frontier 
able to minimize patient’s discomfort. A noninva-
sive technique is not only desirable as a scientific 
progression, but also predisposes patients more 
willingly and therefore more frequently to con-
trol visits that are often avoided or postponed for 
the involved invasive, bothersome and sometimes 
painful procedures.

In view of these new scientific achievements, 
adhesive patch-based skin biopsy represents a 
valid bastion to pigmented skin lesion diagnosis. 
In fact, it is sufficient to apply sequentially four 
patches on the analyzed area to collect a com-
plete sample. The first patch applied was observed 
to be able to harvest more material than the next 
three; however at the end of the procedure, 
approximately 1  mg of skin biomass could be 
collected by combining them together [2]. This 

quantity is sufficient to proceed with the next 
generation sequencing techniques.

48.3  Buccal Swab

The buccal swab is a classic example of a nonin-
vasive assay based on saliva specimens with a 
simple stick (Fig. 48.2). Saliva samples contain 
buccal epithelial cells but not only: it has been 
reported that about 70% of the DNA in saliva 
comes from white blood cells [3].

Buccal swab therefore represents a very quick 
and noninvasive method to collect samples to 
extraction of genomic DNA (gDNA) that will be 
sequenced with the latest generation sequencing 
techniques. The buccal swab is known for some 
time, and to date it becomes more charming by 
scientific crime films, allowing even people less 
used to science to know that from a simple buccal 
swab it is possible to take epithelial cells and 
extract from them genomic DNA.

However, it is necessary to be very careful 
when buccal or hair follicles samples are exam-
ined. Chaudhary et al. [4] reported a study on 25 
voluntary patients which received allo-hemato-
poietic stem cell transplantation (HSCT) or 
mobilized peripheral blood stem cell transplanta-
tion (PBSCT) for hematological disorders and 
from which blood samples, buccal brushes, and 
hair follicles were taken. The genomic DNA was 
extracted from these samples and, after evaluat-
ing its quality and quantity, it was sequenced. 
The derived results are extremely interesting 
because in all buccal samples there is evidence of 

Fig. 48.1 Adhesive patch-based skin biopsy (APSB) [2]. 
Each patch is adhered on a clean and dry skin area apply-
ing a slight pressure by circular thumb motions. Area of 
interest may be marked on the patch surface before its 
removal

Fig. 48.2 Buccal swab with 5 mL tube and cap. The buc-
cal swab is rubbed on the inside of cheek to obtain a DNA 
sample
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the presence of donor’s DNA, a condition known 
as “chimerism.” The chimera term has always 
been a fascination source, since the Greek 
mythology days, and no less fascinating in scien-
tific world, this term means an exceptional condi-
tion characterized by the presence of cell 
populations originating from two individuals in a 
single one. The same analysis carried out on 
DNA from hair follicles shows a chimerism 
absence in recipients assuring the concept that 
hair follicles can be a less equivocal source of 
gDNA than buccal swab in patients who had a 
history of allo-HSCT or PBSCT [4].

Buccal swab therefore represents a precious 
source of DNA that may be used in many fields, 
just like in forensic diagnostics, and it turns out to 
be an exceptional methodology, above all when it 
is necessary to carry out genetic investigations in 
uncooperative subjects, such as children. Getting a 
saliva sample with a buccal brush from children is 
certainly a less traumatic experience than a syringe 
needle to get a blood sample. Once it is understood 
the validity of this alternative technique to obtain 
gDNA, scientists begin to hypothesize its use in 
atypical pigmented lesion diagnosis. Shih et  al. 
reported an exceptional case in which buccal brush 
was performed to genetic investigation in a just 
14  months child born with enormous cutaneous 
nevus referable to the neurocutaneous melanosis 
[5]. The sample collected by buccal brush is used 
to extract gDNA with commercial kits. DNA con-
centration was evaluated and then sequenced. The 
results of sequencing showed a missense mutation 
in NRAS gene (c.37G > C; p.G13R) that was con-
firmed by DNA sequencing of “normal” skin. The 
same mutation was absent in the parents, subjected 
to brush swab as healthy controls [5].

Most genetic syndromes that involve the skin 
as well as diseases with skin involvement can be 
assayed and diagnosed from buccal swabs.

48.4  Unrevealing Mosaicism 
Through Buccal Swab

The term “mosaicism” refers to the presence in an 
individual of cell populations that are genotypi-
cally different. This means that recognized muta-
tions may be present with different allelic 

frequency in different tissues of the patient’s body 
or only in a subset of somatic or germline cells in 
the individual body. The identification of mosa-
icism therefore requires the sampling of many dif-
ferent tissues of a patient. The involved tissue, 
more likely containing the causing mutation, is the 
best for genetic testing together with samples from 
low invasive sample collection process (buccal 
swab, peripheral blood, urine, nails, etc.).

In 2014, Sdano et  al. reported that chromo-
somal microarray technology detected mosa-
icism using buccal cells compared to blood 
leukocytes where the aberration resulted unde-
tectable [6].

Braunholz et al. [7] collected buccal mucosa 
samples of patients with Cornelia de Lange syn-
drome and that resulted negative for mutations in 
the known causative genes by conventional 
sequencing approaches of DNA derived from the 
blood. Using high-coverage gene panel sequenc-
ing approach on DNA from buccal mucosa, 
Braunholz et  al. identified three mosaic muta-
tions in NIPBL gene [7]. All mutations were then 
detected in DNA from urine and fibroblasts but 
not in DNA from blood.

The results of these studies underline the 
importance of using buccal swab as a primary 
sample for certain genetic studies or considering 
additional testing using DNA from buccal sam-
ples in patients for whom a genetic etiology was 
suspected but a diagnosis has not been reached 
using DNA from blood.

This is also true for patients with pigmentary 
mosaicism, a condition characterized by varied 
patterns of skin pigmentation caused by genetic 
heterogeneity of the skin cells [8].

48.5  What About Noninvasive 
Skin Biopsy Advantages 
and Disadvantages?

The advantages of noninvasive techniques are 
obvious to everyone. A noninvasive technique is 
not a little precision synonymous, but it means 
having an alternative to obtain the same results 
that until now, they have been obtained with more 
invasive procedures. Wanting to go into detail, 
avoid cuts, scars, infections and allergic reactions 
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to the antibiotics that can come during a tissue 
biopsy are undoubtedly advantages. The only 
patches disadvantages to date seem to be the non- 
applicability of them on hand palm, on sole foot, 
and for mucous membranes. Regarding buccal 
brush, advantages seem to reign unopposed 
because the buccal swab is suitable in patients 
covering all age groups, from newborn to old age 
people. An open question is the storage of buccal 
cells before to proceed to gDNA extraction with 
the certainty that proceeding to DNA extraction 
as soon as possible is the gold standard to obtain 
high-quality DNA [9]. The only limit is the small 
amount of material that is often sufficient for a 
single analysis. For multiple analyses, in fact we 
should resort to multiple withdrawals but the 
noninvasiveness of the technique makes this 
extremely easy.
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49.1  A Bit of History

For years now, the diagnosis and the study of a 
tumor mass in patients is based exclusively on the 
use of computed tomography that allows to ana-
lyze every part of the body through X-ray beams. 
At the discovery of a suspected mass, depending 
on specific cases, it is possible to decide to pro-
ceed with different exams types in order to evalu-
ate the entity of the same. The gold standard is 
tissue biopsy; however, it represents a snapshot 
limited in space and time, poorly reflecting the 
clonal heterogeneity and evolution of the tumor 
and not always feasible.

In 1948, a first manuscript was published 
about circulating cell-free DNA (ccfDNA) and 
RNA in the bloodstream [1] and, in 1977, Leon 
SA et  al. correlated level of DNA in the serum 
with cancer [2]. In 1997, Dennis Lo, a professor 
of Hong Kong University, discovered the free 
fetal circulating DNA in the maternal blood-
stream of a pregnant woman [3]. This led to the 
concept of “liquid biopsy,” i.e., the sampling and 

analysis of biomarker in non-solid biological tis-
sue (blood, urine, saliva, cerebrospinal fluid, 
etc.). From that moment on, based on analysis of 
cfDNA, the non-invasive prenatal testing (NIPT) 
was born, i.e., a new prenatal method of deter-
mining the risk that the fetus will be born with 
certain genetic abnormalities.

The possibility of measuring and analyzing 
cfDNA from peripheral blood presents great 
opportunities not only in prenatal screening but 
also in clinical oncology. The discovery of 
cfDNA has revolutionized the way to treat cancer 
patients thanks to the comprehension of the 
genetic bases underlying tumor development and 
progression [4]. Liquid biopsy falls fully into the 
new era of a patient-centered care management, 
namely Precision Medicine, that makes use of 
patient information to drive treatment options.

Several components with distinct character-
istics are contained in liquid biopsy: circulating 
cell-free DNA or RNA (cfDNA or cfRNA), 
 circulating tumor DNA (ctDNA), circulating 
tumor cells (CTCs), circulating endothelial 
cells (CECs), and exosomes. These components 
may be used alone or in combination and can 
all be measured quantitatively in the 
bloodstream.
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49.2  Cell-Free DNA

Tumor cells release circulating tumor DNA into 
the blood, but the majority of circulating DNA in 
body fluid is often of no-cancerous origin. During 
the normal apoptosis processes (programmed cell 
death) or necrosis (cell trauma—premature 
death), the cell undergoes a series of morphologi-
cal changes. The cytoskeletal proteins begin to be 
degraded and cell takes a roundish shape, the 
chromatin begins to be condensed and degraded 
into small fragments, approximately 200  bp in 
length. At the end of the process, the cell is 
phagocytized or divided in more vesicles called 
apoptotic bodies, which will later be phagocy-
tosed by necrophagous phagocytes such as mac-
rophages. All cells are therefore linked by the 
same destiny: cell death. When this happens, in 
the bloodstream, the DNA fragments known as 
cfDNA (cell-free DNA) can be found; it is the 
free circulating DNA not encapsulated inside the 
nucleus cell that will be degraded by the scaven-
gers of our organism. The amount of dividing 
cells in an organism affected by neoplasia is 
enhanced during cell cycle, therefore the number 

of apoptotic events and the quantity of cfDNA 
found in the bloodstream will be greater than in 
healthy organism. Given the greater amount of 
free circulating DNA in neoplastic individuals 
compared to healthy individuals, not the com-
plete totality of this fragmented DNA will be 
digested by macrophages and it is possible to 
observe a greater cfDNA quantity in advanced 
neoplastic phase organism. Another way with 
whom DNA is released inside the bloodstream 
seems to be the spontaneous release by living 
cancer cells perhaps to influence the oncogenic 
transformation of susceptible cells on other sites. 
Thanks to the presence of cancer cell-free circu-
lating DNA, it is possible to perform liquid 
biopsy (Fig. 49.1).

During the last years, cfDNA has been ana-
lyzed using different methods such as real-time 
PCR, digital PCR, and next-generation sequenc-
ing. It can be measured quantitatively or qualita-
tively. The increasing in amount of cfDNA as well 
as the finding of key tumor-specific mutations 
allows for early disease detection and assessment 
of therapy response/resistance in order to promptly 
take action on treatment options.

Fig. 49.1 Biomolecular components of liquid biopsy. 
cfDNA is released into the bloodstream by apoptotic cells 
as well as by necrotic cells. Into the bloodstream it is pos-
sible to find endothelial cells who lose contact with adja-

cent cells becoming circulating endothelial cells and cell 
secretion products, such as exosomes, also spill in the 
bloodstream
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49.3  Circulating Tumor Cells, 
Circulating Endothelial Cells, 
and Exosomes

CTCs are tumor cells derived from solid tumors 
and detectable in cancer patients’ peripheral 
blood. When a tumor mass is removed surgically, 
it may happen that some tumor cells remain latent 
and after years they can be found around the 
bloodstream going to affect other organs and give 
rise to metastases, and it is hypothesized that 
these circulating cells may underlie tumor recov-
ery. Tumor cells can be recognized thanks to their 
shape or their physical (size, density, electric 
charges, and deformability) and biological char-
acteristics (cell surface protein expression and 
viability) [5]. Some studies highlight a discrep-
ancy between the number of CTCs and the quan-
tity of cfDNA in the blood. A single human cell 
contains 6 pg of DNA and there is an average of 
17  ng of DNA per ml of plasma in advanced-
stage cancers; therefore, if CTCs were the pri-
mary source of ctDNA it would require over 
2000 cells per ml of plasma. In reality, there are, 
on average, less than 10 CTCs per 7.5 ml blood 
[6] but definitive evidence for this mechanism 
has not been reported.

The endothelial cells constitute the blood ves-
sels wall, being in close contact with the blood-
stream on one side and with all the other tissues 
on the other. It seems that after vascular damage 
the circulating endothelial cells (CECs) can be 
found in the bloodstream, but it is still not known 
precisely whether CECs are actually derived 
from the endothelial cells. However, since their 
discovery, CECs have been described in many 
diseases that share the same vascular damage 
bases [7].

Another liquid biopsy starting platform seems 
to be represented by the exosomes. The exosomes 
are material transport vesicles from inside cell to 
outside through active or passive mechanisms to 
guarantee normal cell homeostasis. These 
 vesicles carry a lot of information on the outside 
of cells, such as nucleic acids, proteins, RNA, 
miRNA, signaling pathways products, drugs, and 
viruses. The exosomes are secreted both by nor-
mal and neoplastic cells and in the latter case we 

can exploit information derived from them to 
study the tumor cell characteristics (Fig. 49.1).

All these components (CTCs, CECs, and exo-
somes) are now used to study tumor growth and 
evolution in a non invasive way.

49.4  Clinical Use of Liquid Biopsy

The characterization of the genetic status in a 
precise tumor type (e.g., KRAS or EGFR in non- 
small cell lung cancer—NSCLC) allows the 
patient selection to treatment with targeted agent 
[8]. Whereas, for all those patients in which the 
molecular analysis is not feasible or does not pro-
vide any information, the strategy is to apply the 
standard treatment for their disease (e.g., cispla-
tin per NSCLC). In these patients, liquid biopsy 
may represent a valid non-invasive approach to 
characterize tumor clones in order to detect ther-
apeutic targets allowing clinicians to adopt 
appropriate and alternative treatment strategies.

The non-invasive sampling of plasma ctDNA 
isolation allows not only the driver mutation 
detection with impact on treatment decisions but 
also the opportunity to dynamically monitoring 
tumor burden and the occurrence of tumor relapse 
or resistance mechanisms as well as the genetic 
changes that tumor cells undergo during treat-
ment to repeatedly evaluate tumor genetic char-
acteristics and response to therapy.

49.5  What About Liquid Biopsy 
Advantages 
and Disadvantages?

To date in order to know the nature of a sus-
pected neoplasia, it is possible to perform inva-
sive procedures. In fact, before proceeding to 
tumor mass removal, a needle aspiration is per-
formed to obtain cytological specimens [9]. This 
tissue biopsy is therefore an invasive procedure, 
not always applicable, and not able to give us a 
complete picture on the real tumor heterogene-
ity. Given the multiclonal tumor origin, the 
removed mass is often not representative of all 
the tumor cells and this may lead to underesti-
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mate the complexity of tumor genomic land-
scape. The aspirated needle use does not 
guarantee to take a sample that is cellularly rep-
resentative of the entire tumor mass (Fig. 49.2). 
This could led to analyze a single tumoral cell 
type and in the same way underestimate the pres-
ence of differently mutated cells. Nowadays, 
even if the tumor heterogeneity is well known, 
the aspirated needle represents great limitations; 
Even magnetic resonance imaging, performed to 
evaluate the progress of the tumor mass, is 
unable to provide any information on its hetero-
geneity and how it evolves over time. Moreover, 
it is difficult to obtain a tissue biopsy when 
tumor is located in places not easily accessible 
by surgery. Considering the invasiveness of a tis-

sue biopsy, the impossibility of performing it in 
certain tumors, the inadequacy of the technique 
to evaluate tumor heterogeneity and the tumor 
extreme dynamism, it is necessary to move 
towards techniques that allow not only to moni-
tor neoplasia evolution, but also to evaluate in 
real way the entire tumor mass heterogeneity, 
guiding towards a targeted and personalized 
therapy. This is possible thanks to liquid biopsy.

The liquid biopsy consists of a simple periph-
eral blood sampling and for this reason it is a 
non-invasive or minimally invasive procedure 
(Fig. 49.2). Liquid biopsy allows to monitor the 
lesion over time and to evaluate which mutations 
are positively selected at the expense of others 
that instead regress (Fig. 49.3). It is also a very 

Fig. 49.2 Cancer 
biopsies. Representation 
of invasive needle 
aspiration procedure into 
a lung heterogeneous 
tumor mass vs a 
non-invasive blood 
sample

a

b

Fig. 49.3 Mutated clone monitored by liquid biopsy. 
Graphical representation of evolution of PIK3CA mutated 
clone in a patient affected by metastatic breast cancer (a). 
At time month 4 the mutational load is about 7%, and it 
grows up to 49% at month 9 corresponding to the clinical 

worsening of the patient. In such case, personalized treat-
ment with PIK3CA inhibitor could be envisaged. The 
mutation is observed by liquid biopsy assay (Oncomine 
pan-cancer cell-free assay—Ion Reporter Software) (b). 
Mo = months
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 sensitive technique able to detect the presence of 
a limited number of mutated circulating mole-
cules and to identify possible therapeutic options 
vs specific mutation and therefore specific to the 
patient.

With regard to the disadvantages to date, they 
seem to be far less than liquid biopsy advantages 
but one of them is the uncertainty. With this term, 
in fact, we want to summarize all the challenges 
that scientists have yet to continue to face in 
order to improve and guarantee the reliability of 
the technique. Therefore, to date there is not a 
consensus in technical approaches of choice and 
the procedure is waiting the CE-IVD (In Vitro 
Diagnostics) certification.

49.6  Method

Presently, the most commonly used protocols to 
obtain cfDNA require approximately 3–4 ml of 
plasma (8 ml of blood). Blood sampling must 
be collected in specific tubes, containing anti-
coagulant which prevents the white blood cells 
lysis and genomic DNA release that would 
make very difficult cfDNA detection present in 
a lower quantity. Cells and cellular debris are 
removed by a double centrifugation and the 
supernatant, the plasma, is recovered. 
Circulating DNA is then extracted from the 
plasma using commercially available kits. After 
cfDNA extraction, its quantity and quality are 

evaluated (Fig.  49.4) and it is sufficient to 
obtain 20  ng of cfDNA in 10 μl of eluate to 
detect mutations in a very low percentage. The 
obtained cfDNA is used to set up the so-called 
“libraries.” Preparing a library of cfDNA means 
to increase, with PCR cycles, the number of 
cfDNA fragments and to bind same barcodes to 
each unique molecule for the same sample, 
which allows to distinguish, at the end of the 
procedure, which molecule belongs to which 
sample. The enriched libraries are loaded into 
the chips and sequenced with the next-genera-
tion sequencing techniques (Norton).

49.7  Liquid Biopsy for Melanoma

Melanoma is one of three skin cancers with 
greater prevalence in Western society, together 
with basal cell carcinoma (BCC) and squamous 
cell carcinoma (SCC) [10]. The latter two, unlike 
melanoma, are not lethal and can be treated surgi-
cally. Melanoma is the skin cancer that causes 
more deaths in the world; in fact, the survival rate 
in patients with fourth-stage melanoma is below 
15%. Melanocytes, epidermis cells responsible to 
pigment production involved in color skin, are 
subject to change, especially by UV rays pres-
ence [7] and their genome mutation determines 
the formation of a malignant tumor cell.

Melanoma is the cutaneous tumor responsi-
ble for the highest number of deaths and with an 
ever increasing incidence [11–16]. Circulating 
tumor DNA (ctDNA) can be used to monitor 
advanced melanoma stages and identify the 
mutations that can be labeled pharmacologi-
cally but in the same way also circulating tumor 
cells (CTCs) represents a good strategy for 
tumor cell detection thanks to membrane mark-
ers that are only found on melanoma surface 
cells and not on normal lymphocyte cells sur-
face. Transcriptomic expression and genomic 
mutations in melanomas are very heterogeneous 
and therefore liquid biopsy represents to date 
the best monitoring as well as clinical treatment 
[10], before and after surgery when it is 
feasible.

Fig. 49.4 cfDNA quality analysis. Quality evaluation 
results of cfDNA with Bioanalyzer Assay. Note extract 
cfDNA obtained is well represented by length fragments 
about 150 bp, readable on the abscissas axis. The fluores-
cence (FU) gives us an indication of cfDNA quantity at 
200 fragment length (bp). The higher the peak, the greater 
is its quantity
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