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Key Points

e Reflectance  confocal  microscopy
(RCM) is a novel in vivo, noninvasive
imaging method and real-time examina-
tion of the skin.

» It consists of a low-power, near-infrared
laser light source attached to a confocal
microscope, which illuminates a small
skin area with a resolution comparable
to conventional histology.

e It provides in vivo real-time images of
the skin in a horizontal bright gray
scale.
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Introduction

Reflectance confocal microscopy (RCM) is a
novel in vivo, noninvasive imaging method that
has already demonstrated to be highly useful in
diagnosis approach and therapeutic monitoring
of skin cancer [1-3]. Validation of RCM for the
diagnosis and prognosis of skin tumors, includ-
ing melanocytic lesions, has been extensively
correlated with dermoscopy and conventional
histology [4, 5]. This technology is based on a
low-power, near-infrared laser light source
attached to a confocal microscope, which illumi-
nates a small skin area. Backscattered light is
sent through a pinhole, which only permits in-
focus plane (confocal) light to reach the point
detector and eliminates the light coming from
out-of-focus planes. This results in a real-time
transversal thin section image of the skin
(XY-axis) with a resolution comparable to con-
ventional histology (1 um lateral and 3 pum of
section thickness). Upward and downward move-
ments of the lens change the depth of the confo-
cal plane and permit the collection of sequential
planes of the studied skin sample (Z-axis). Until
now the maximum depth of cutaneous study
obtained with this technology is 250 pm below
the skin surface [6]. Light reflection depends on
the refractive index of the different elements of
the tissue, which is higher when the size of the
illuminated structure is similar to the laser wave-
length. At present, the most typical light utilized
for RCM is a low-power (<20 mW) diode laser
with 830 nm that maximizes reflection and
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prevents tissue damage. Consequently, confocal
images are observed in a bright gray scale based
on “endogenous contrasts” which are higher for
structures containing melanin and keratin. Unlike
traditional histology, RCM provides in vivo, real-
time, in a bright gray scale horizontal images of
the skin. The major disadvantages of confocal
microscopy are the limited depth of imaging and
the lack of exogenous contrast agents, even
though current investigations are attempting to
overcome these problems.

Normal Skin

Before using RCM for the diagnosis of skin
tumors or other noncancer skin diseases, it is nec-
essary to describe confocal imaging of normal
skin. There are different factors that affect the
real-time, in vivo visualization of the skin by
confocal microscopy, mainly the area of study,
the age, and the Fitzpatrick’s phototype.
Generally, confocal study starts in the outermost
layer and progresses in depth. Stratum corneum
appears as a variable refractive surface separated
by dark linear valleys (dermatoglyphs)
(Fig. 17.1a), which vary in depth depending on
the skin area, the phototype of the patient, and the
accumulated sun exposure. Corneocytes are
observed as 25-50 um in size, bright, polygonal,
flattened, and anucleated cells. Granular and
spinous layers are constituted by cells with dark
central oval-shaped nuclei and bright cytoplasm.
The borders of these keratinocytes are well
demarcated and constitute a “honeycombed pat-
tern” (Fig. 17.1b). Basal layer appears as one
layer of small cuboid nucleated cells which are
usually more brilliant due to the high content in
melanin. Consequently, confocal image at the
basal layer in dark phototypes is usually observed
as a ‘“cobblestone pattern” (Fig. 17.1c).
Dermoepidermal junction is located at 60—120 pm
in depth, and it appears as bright circular struc-
tures (“dermal papillary rings”) made of basal
cells that surround certain darker areas, which
correspond to the dermal papillae (Fig. 17.1d).
Within these dark spaces, we may observe refrac-
tive collagen bundles and blood vessels with
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inside rolling movement of erythrocytes and
leukocytes.

Skin Cancer

Since RCM was first used to image live human
skin in 1995 [7], numerous scientific studies have
been carried out mainly focusing in keratinocytic
and more recently in melanocytic and other skin
tumors.

Malignant Keratinocytic Tumors
Basal Cell Carcinoma (BCC)

Maybe due to the reason that basal cell carcinoma
(BCC) constitutes the most frequent malignancy
of the skin, this is the cutaneous condition that
has been more extensively analyzed by RCM
[8, 9]. General confocal features of BCC include
dense structures formed by homogeneous tumor
cells that present elongated monomorphic nuclei
along the same axis of orientation (“nuclear
polarization™) (Fig. 17.2b), which is often
reflected as peripheral palisading when surround-
ing a tumor island in a perpendicular manner to
the border (Fig. 17.2a, d). Frequently, a dark
area, which is probably constituted by mucin
depots surrounding the relatively refractive
tumor aggregates, correlates with the “clefting”
observed in traditional histology. Ulrich et al.
reported 13 cases of nodular, nodulocystic, and
superficial BCCs and found a good linear cor-
relation between dark areas on RCM and thick-
ness of peritumoral mucin [10]. Occasionally,
the stroma reflectance is higher than the tumor
islands, which are observed and consequently
termed “dark silhouettes” (Fig. 17.2c). Also
important are the frequently observed disar-
ranged keratinocytes located above the tumor,
probably caused by the chronic actinic damage
that is usually associated to this type of tumor.
The superficial dermal blood vessels are also
affected, appearing numerous, dilated with the
presence of intense leukocyte trafficking inside,
and sometimes accompanied by a prominent
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Fig. 17.1 Shows single RCM images (500500 pm) of
the different layers of normal skin. Panel (a) illustrates the
morphology of the stratum corneum with the presence of
a variable refractive surface (white asterisk) separated by
dark linear valleys (red lines) representing skin folds, (b)
shows typical honeycomb pattern of the epidermis at the
spinous cell layer with regular appearance of polygonal

perivascular inflammatory infiltrate [11, 12]
(Fig. 17.2c). Besides, pigmented BCC presents
highly refractive dendritic and granular struc-
tures inside the tumor islands correlating to
dendritic melanocytes and melanosomes, respec-
tively (Fig. 17.2d). Melanophages located in the
stroma are frequently observed as bright and big,
poorly demarcated structures [13, 14].

keratinocytes, (c¢) shows small bright pigmented cells
appearing as typical cobblestone pattern at the suprapapil-
lary plate (red arrows), and (d) illustrates RCM morphol-
ogy at the dermoepidermal junction (DEJ) with the
presence of bright ring-like structures of pigmented basal
cells (dashed circle)

In 2004, a multicenter study was performed in
a large cohort of patients to evaluate sensitivity
and specificity of RCM for in vivo diagnosis of
basal cell carcinoma [8]. Five major criteria were
established: elongated monomorphic basaloid
nuclei, polarization of these nuclei along the
same axis of orientation, prominent inflammatory
infiltrate, increased dermal vasculature, and
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Fig. 17.2 Basal cell carcinoma. (a) Hyporefractile tumor
islands of BCC (white asterisk) which are separated from
the surrounding stroma by dark cleft-like spaces (yellow
arrowhead). Within the tumor islands, peripheral pali-
sading of the cells may be observed (red arrowhead). (b)
Nuclear streaming and elongated and polarized basal kera-
tinocytes (red arrowheads). (¢) Dark silhouettes (white

pleoamorphism of the overlying epidermis. The
presence of two or more criteria was found to be
100 % sensitive and 53.6 % specific for the diag-
nosis of BCC, while four or more RCM criteria
presented 95.7 % specificity and 82.9 % of sensi-
tivity. As expected, specificity was directly pro-
portional to the number of criteria observed by
RCM and inversely proportional to the sensitivity
of the criteria in the diagnosis of BCC.

asterisk) and large caliber blood vessels (BV) with blood
flow on in vivo examination. Within the BV single eryth-
rocytes can be visualized (red arrow). (d) Tumor islands of
médium refractility (white asterisk) surrounding by tumor
stroma with collagen and inflammatory cells. Dendritic
figures (red arrowhead) are seen

RCM has been employed in different studies that
describe the main features of different histological
subtypes of BCC which is important in order to
determine the therapeutics and prognosis of the
tumor [15]. Infiltrative BCC is visualized as ill-
defined invading structures composed of very polar-
ized cells that penetrate and deform the dermis, while
nodular BCC reveals well-defined tumor islands with
peripheral palisading surrounded by dark areas.
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Fig.17.3 RepresentativesingleRCMimages (500 500 pm)
of actinic keratoses. (a) Disruption of the stratum corneum
with single detached keratinocytes (red arrowheads). (b)
Atypical honeycomb pattern of granular-spinous layers
with great variation of cells and nuclei (red arrowhead) as

Squamous Neoplasia

Squamous neoplasia derives from epidermal
keratinocytes and is among the most common
cutaneous malignancies. RCM features of inva-
sive squamous cell carcinoma (SCC) and actinic
keratosis (AK) have been previously described
and have good correlation with histopathology
[16—18]. At the corneum layer, some amorphous,
variably refractive structures can be observed

well as broadened and irregular cell borders (white asterisk).
(c) Dilated blood vessels (BV) in the center of the dermal
papillae. (d) Highly refractive reticulated thick fibers (red
asterisks) which correlate to the altered collagen

(Fig. 17.3a), which correspond to the scales of
the lesion. At this level, some nucleated polygo-
nal cells can be visualized as sharply delineated
cells with a refractive thin outline surrounding a
dark nucleus, corresponding to the parakeratotic
cells of the histology. At the granular and spinous
layers, the typical honeycombed pattern is altered
and formed by pleomorphic cells with irregular
size and shape (Fig. 17.3b). When there is severe
atypia, the honeycombed pattern is replaced by
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a completely disarranged epidermal pattern.
Dyskeratotic cells in the granular and spinous
layers can also be seen with confocal microscopy
as sharply delineated round structures surround-
ing a dark oval space (nucleus). Another char-
acteristic feature is observed inside the dermal
papillary rings as round dark spaces with infre-
quent leukocyte trafficking inside (Fig. 17.3c).
These spaces correspond to the typical dotted
and glomerular vessels seen in dermoscopy of
SC [19]. Confocal imaging of the upper dermal
layer generally reveals extensive highly refrac-
tive reticulated thick fibers which correlates to
the altered collagen that constitutes the solar
elastosis commonly found in this malignancy
(Fig. 17.3d). An increasing number and fre-
quency of all these abnormal RCM features can
be visualized along the spectrum of squamous
neoplasia. A recent study by Ulrich et al. evalu-
ated ten cases of Bowen’s disease (BD) by RCM
and correlated the findings to routine histology
[20]. The most prevalent features were stratum
corneum disruption, atypical honeycomb pat-
tern, presence of two types of targetoid cells, and
round-to-oval dermal blood vessels. They also
observed parakeratosis, inflammatory infiltrate,
and multinucleated cells. The results of this study
show that RCM can be used for rapid in vivo
diagnosis of BD and its distinction from other
non-melanocytic skin cancer and inflammatory
simulators like psoriasis or eczema.

The detection of dermal RCM features of AK,
BD, and SCC may be limited by the presence of
significant hyperkeratosis which sometimes
worsens its optical resolution in deeper areas. To
solve this problem, some chemical or physical
methods can be previously applied to remove the
scales.

Melanoma

Melanoma is a malignant proliferation of mel-
anocytes in which prognosis is related to depth of
dermal invasion. This skin cancer is curable if
diagnosed and excised at early stages which
explains the importance of an early diagnosis
[21]. Clinical diagnosis of melanoma is based on
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the ABCD criteria, but the accuracy of this
method is as low as 64 % [22]. To avoid unneces-
sary surgical biopsies, which are painful and
time-consuming and leave scars, noninvasive
techniques for improving clinical diagnostic
accuracy are being developed such as dermos-
copy, high-frequency ultrasound, optical coher-
ence tomography, magnetic resonance imaging,
and RCM [6]. For its ability to explore at cellular
level resolution skin structures up to 200 pum in
depth, horizontal imaging, and noninvasiveness,
RCM may be understood as a natural link between
dermoscopy and histopathology, especially use-
ful for diagnosis of early melanomas.

In the recent years, a good correlation between
confocal aspects and specific dermoscopic fea-
tures, such as pigment network, peripheral
streaks, or pigment globules, has been demon-
strated as well as the correspondence of confocal
mosaics at dermoepidermal junction and global
dermoscopic patterns [23-25]. Atypical pigment
network, characteristic of atypical nevi and mela-
noma, corresponds to ‘“non-edged papillae,”
while irregular pigment globules correspond to
irregularly shaped clusters formed by atypical
cells in melanomas or regular cytology in benign
lesions. Pigment dots are clearly visualized by
RCM as pagetoid melanocytes in melanoma that
are easily distinguished from the melanin clumps
typically found in common nevi [26]. Moreover,
RCM is particularly useful for the interpretation
of the bluish pigmentation and for differentiating
the plump bright cells infiltrating the dermal
papillae that correspond to melanophages from
the malignant melanocytes that, singularly or in
clusters, infiltrate the dermis in invasive melano-
mas [27, 28].

In a similar manner, the main histopathologi-
cal features of melanoma have been identified
with RCM showing high sensitivity and specificity
values [5, 29]: altered epidermal architecture
with pagetoid cells (Fig. 17.4a, b), ill-defined
dermal papillae with cytological atypia at der-
moepidermal junction (Fig. 17.4c), cerebriform
clusters, and nucleated cells in superficial dermis
(Fig. 17.4d). Furthermore, very high sensitivity
and specificity values of some confocal aspects,
such as melanocyte cytology, disarray of the
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Fig.17.4 Representative single RCM images (500% 500 pum)
of melanoma. (a) Presence of both dendritic (red arrowhead)
and round (yellow arrowhead) pagetoid melanocytes in upper
epidermal layers. (b) Complete disruption of the epidermal

architecture, and poorly defined keratinocyte cell
borders, were identified by Gerger et al., compar-
ing two preselected images per lesion from a
database of 27 melanomas and 90 nevi, the major-
ity of which corresponded to clearly benign
lesions [30].

At present, two different confocal diagnosis
algorithms for melanoma have been developed.
Based on 102 melanocytic lesions, six criteria
were identified as independently correlated with a

architecture resulting in a disarranged pattern. (¢) Atypical
melanocytes at the DEJ (yellow arrowheads) as well as in the
dermal papillae containng blood vessels (BV). (d) Large
dilated and elongated blood vessels (BV) in the upper dermis

melanoma diagnosis, and a diagnostic algorithm
was developed [31]. Two major criteria were
scored 2 points, corresponding to the cytological
atypia at basal cell layers and non-edged papillae
at dermoepidermal junction. Four minor criteria,
represented by the presence of roundish cells in
superficial layers spreading upwards in a pagetoid
fashion, pagetoid cells widespread throughout the
lesion, cerebriform clusters in the papillary der-
mis, and nucleated cells within dermal papilla,
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were scored 1 point. Considering a threshold score
equal to or greater than 3, 97.3 % sensitivity and
72.3 % specificity were obtained, whereas increas-
ing the threshold, specificity can be increased with
a consequent decrement of sensitivity. Recently,
the validity of the algorithm was blindly tested on
a larger population of equivocal melanocytic
lesions, showing in a reproducible clinical setting
a 92 % sensitivity and 70 % specificity [5]. Segura
et al. developed a two-step method for the diagno-
sis of melanoma by RCM [32]. In a preliminary
study, they evaluated 154 skin tumors, including
100 melanocytic and 54 non-melanocytic lesions,
by RCM before their excision. They observed four
confocal features that differentiated melanocytic
from non-melanocytic lesions: cobblestone pat-
tern of epidermal layers, pagetoid spread, mesh
appearance of the dermoepidermal junction, and
the presence of dermal nests. Within melanocytic
lesions, the presence of roundish suprabasal cells
and atypical nucleated cells in the dermis was
associated with melanoma, and the presence of
edged papillae and typical basal cells was associ-
ated with nevi. Furthermore, a recent study [33]
tried to determine whether specific histological
features in dysplastic nevi had reliable correlates
on confocal microscopy and developed an in vivo
microscopic grading system, which consists in a
simplified algorithm to distinguish dysplastic nevi
from melanoma and non-dysplastic nevi. Sixty
melanocytic lesions with equivocal dermatoscopic
aspects were analyzed by RCM and histopathol-
ogy, and they found good correlation between their
features. As observed by RCM, dysplastic nevi
were characterized by a ringed pattern, in associa-
tion with a meshwork pattern in a large proportion
of cases, along with atypical junctional cells in the
center of the lesion and irregular junctional nests
with short interconnections. The simultaneous
presence of cytological atypia and of atypical
junctional nests (irregular, with short interconnec-
tions, and/or with nonhomogeneous cellularity)
was consistent with histological dysplasia, whereas
widespread pagetoid infiltration, widespread cyto-
logical atypia at the junction, and non-edged papil-
lae suggested melanoma diagnosis.

Interestingly, several confocal features for
melanoma may be also identified in amelanotic
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melanomas. It is possible to detect melanocytes
in a clinically amelanotic tumor due to the pres-
ence of some melanin inside the pre-melano-
somes, which have similar size to the wavelength
that we use for imaging. Considering that amel-
anotic tumors do not present a high refractivity as
other heavily pigmented lesions, they may be
more easily diagnosed with RCM than with der-
moscopy, which suggests a better early diagnosis
of certain clinically difficult pigmented lesions
such as amelanotic melanoma [34].

Mycosis Fungoides

Mycosis fungoides (MF) represents the most com-
mon form of cutaneous T-cell lymphoma [29].
The clinical presentation may be diverse and, in
the first stages, usually shows an indolent course
with stable or slowly progressing lesions that may
resemble chronic eczema of plaque psoriasis. Due
to this reason, early diagnosis of the disease is fre-
quently delayed. MF final diagnosis is based on
histopathological evaluation in combination with
immunohistochemistry and clonality studies.

In recent years, the main RCM features of MF
have been published [35, 36]. RCM reveals the
major features of MF such as exocytosis and
Pautrier microabscesses, although early diagno-
sis of MF remains challenging. However, confo-
cal microscopy may be useful to select highly
suspicious lesions for biopsy and help to acceler-
ate diagnosis.

At the patch stage of MF, the changes may be
very subtle, and consequently the diagnosis at this
early phase with confocal microscopy may be
difficult. The most important confocal features
include hyporefractivity of dermal papillary rings
and small, weakly refractive round cells located in
the spinous layer, which correlates to the interface
changes and exocytosis process, respectively. In
the plaque phase of MF, the visualization of typical
confocal features of MF may be easier. Some small
lightly refractive cells appear in the spinous layer
correlating to epidermotropism of lymphocytes,
which sometimes are grouped and located inside
dark spaces within the epidermis corresponding to
Pautrier microabscesses on histopathology. These
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vesicle-like spaces have to be distinguished from
those seen in acute eczema by the absence of par-
akeratosis and spongiosis and the presence of other
MF characteristic confocal features. In tumor-type
MF, the hyporefractive papillary rings and the
infiltration of small lightly refractive cells in the
epidermis are frequently visualized in confocal
images, while the vesicle-like spaces are rarely
detected. Inside papillary dermis, highly refractive
cells of small to medium size are observed and
blood vessels may show a well-circumscribed
thickened wall.

Clinical Applications Besides
Diagnosis in Cutaneous Oncology

The high resolution obtained by RCM allows its
utilization not only for diagnosis but also for sur-
gery planning or evaluation of response to nonin-
vasive therapies. The most important future
applications are: guide for biopsy sample, prevent-
ing the “sampling error” so common in some situ-
ations like mycosis fungoides, malignant lentigo,
or atypical nevus syndrome; tumor delimitation
before excision in special areas, such as face or
scalp, or ill-defined tumors such as malignant len-
tigo or amelanotic melanoma [3, 37-39]; monitor-
ing the clinical response to noninvasive therapies
for some keratinocytic tumors such as imiquimod
cream or photodynamic therapy [40—43]; and for
residual tumor detection after treatment [44].

Conclusion

RCM is an efficient tool for the study of the
skin physiology and diseases. Its most impor-
tant advantages are the noninvasiveness and
the in vivo and real-time examination of the
skin. Although it has been mostly utilized
for cutaneous malignant tumors, some recent
studies show its usefulness to diagnose other
benign tumors and inflammatory skin diseases.
Undoubtedly, confocal microscopy presents
some technical and scientific limitations,
which must be resolved before it becomes a
tool of reference. It is necessary to improve
imaging depth and, perhaps, to find contrast
agents in order to recognize certain cell types
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and subcellular structures. Furthermore, it is
indispensable a training for dermatologists
and dermatopathologists before they get used
to horizontal sections of the skin and black and
white colors. Although skin biopsy remains
the gold standard in microscopic diagnosis,
RCM offers an important approach for skin
diagnosis.

Glossary

Cobblestone pattern is the pattern found in
basal layer keratynocytes, which appears as
one layer of small cuboid nucleated cells usu-
ally more brilliant due to the high content in
melanin. It is the confocal pattern usually ob-
served at the basal layer in dark phototypes.

Dark silhouettes found in BCC refer to those
areas where the stroma reflectance is higher
than the tumor islands.

Dermal papillary rings is the confocal pattern
found at the dermoepidermal junction and it
appears as bright circular structures made of
basal cells that surround certain darker areas,
which correspond to the dermal papillae.

Dermatoglyphs dark linear valleys

Honeycombed pattern is the pattern found
in normal keratinocytes of the granular and
spinous layers. These are cells with dark cen-
tral oval-shaped nuclei and bright cytoplasm.

Nuclear polarization refers to the elongated
monomorphic nuclei along the same axis of
orientation and present as a general confocal
feature of BCC (Basal cell carcinoma). It of-
ten reflects as peripheral palisading.

RCM Reflectance confocal microscopy.
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