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Reflectance confocal microscopy (RCM) is a noninvasive imaging tool used for in vivo visualization of the
skin. It has been extensively studied for use in the evaluation of equivocal cutaneous neoplasms to
decrease the number of biopsy procedures in patients with benign lesions. Furthermore, its applications
are broadening to include presurgical cancer margin mapping, tumor recurrence surveillance, monitoring
of ablative and noninvasive therapies, and stratification of inflammatory disorders. With the approval of
category I Current Procedural Terminology reimbursement codes for RCM image acquisition and
interpretation, use of this technology has been increasingly adopted by dermatologists. The first article
in this 2-part continuing medical education series highlights basic terminology, principles, clinical
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applications, limitations, and practical considerations in the clinical use of RCM technology. ( J Am Acad
Dermatol 2021;84:1-14.)

Key words: basic terminology; billing; logistics; optical principles; presurgical planning; reflectance
confocal microscopy; specificity and sensitivity; tumor recurrence surveillance.
The evaluation of skin lesions has evolved from
naked-eye inspection to the incorporation of dermo-
scopy. While dermoscopy has increased our diag-
nostic acumen,1,2 a continued shared goal among
dermatologists is to improve the diagnosis of malig-
nant lesions while minimizing the number of unnec-
essary biopsy procedures in patients with benign
neoplasms. Among adjunct noninvasive tools to
further this objective is reflectance confocal micro-
scopy (RCM). RCM enables the capture of in vivo,
cellular-resolution images of lesions, parallel to the
skin surface, at different depths from the stratum
corneum to the superficial dermis. Given the
approval of Current Procedural Terminology codes
for the use of RCM, there has been an increasing
utilization rate by dermatologists. However, there is a
knowledge gap regarding the optical principles,
basic terminology, clinical indications, and limita-
tions in the use of RCM. These are addressed in the
first article in this continuing medical education
series.
BASIC OPTICAL AND IMAGE ACQUISITION
PRINCIPLES

The light source used in RCM is a near-infrared
low-power laser (830-nm diode, power \35 mW)
that emits monochromatic coherent light.3-5 The
initial path of light from the source to the tissue is
through a system of optical lenses and mirrors (Fig
1).5 The light scans a focal point in the tissue. The
subsequently reflected (‘‘back scattered’’) light from
the tissue passes through a gating pinhole to the
detectordonly light from the focal area imaged can
enter through the pinhole, while ‘‘out of focus’’
scattered light is blocked. RCM images appear in
grayscale and are based on relative refractive indices
of tissue elementsdthose with a higher refractive
index appear brighter. Melanin, for example, has
high refractive index of 1.7, and therefore cells
containing melanin appear brighter than surround-
ing tissue elements.6 Sample refractive indices are
shown in Table I. The basic RCM image is a single
‘‘optical section’’ that instantaneously displays a 0.5-
3 0.5-mm2 field of view at the horizontal (X-Y)
plane. By moving the objective lens toward the skin,
the focal plane is moved progressively deeper (on
the Z-axis).5
There are 2 types of RCM devices: the wide-probe
and handheld (Fig 2).

Wide-probe RCM requires fixation of the probe
to the skin4,5 and is therefore limited to flat surfaces
(e.g., the cheek). A metal tissue ring is affixed to
the skin with an adhesive and disposable polycar-
bonate window. A drop of immersion fluid
(commonly mineral oil) is placed on the skin
before applying the ringewindow assembly and a
water-based gel is applied to the objective lens as
another immersion medium.5 The RCM probe is
then magnetically coupled to the tissue ring. The
wide-probe RCM device simulates a shave biopsy
procedure. It allows stitching together of 16 3 16
adjacent optical sections at the same image depth,
creating mosaic images up to 8- 3 8-mm2 in field of
view.4 Appropriately sized mosaics attempt to
encompass the entire lesion with rims of normal
skin. If the lesion diameter is [8 mm, the ring is
centered on the most suspicious area; if heteroge-
neously colored and large, the ring can be placed
so that images sample disparate areas. The user can
digitally control probe movement in the horizontal
plane and on the Z-axis. From the skin surface to
the superficial dermis, stacks of individual optical
sections of the same X-Y area of skin can be
automatically captured.

On the other hand, the handheld device has a
smaller probe that does not require fixation to the
skin. After applying a drop of immersion oil to the
surface, movement in the X-Y plane depends on
manually sliding the RCM probe on the skin. The
handheld RCM therefore enables imaging of
curved anatomic sites (e.g., ears). While auto-
mated image stacks can be acquired with the
handheld device, mosaic images cannot be
stitched together, so that its field of view is limited
to 0.75 3 0.75 mm2.
RCM OF NORMAL SKIN
Skin surface/corneal layer

The stratum corneum appears bright because of
the high refractive index of keratin (Fig 3). Linear
dark fissures, representing the dermatoglyphs, sepa-
rate ‘‘islands’’ of keratinocytes.7,8 The corneocytes
measure 10 �m to 30 �m and appear as flat,
polygonal anucleate cells.9 Thickness of the stratum



Abbreviations used:

BCC: basal cell carcinoma
DEJ: dermoepidermal junction
LM: lentigo maligna
NNE: number needed to excise
OCT: optical coherence tomography
RCM: reflectance confocal microscopy
SCC: squamous cell carcinoma
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corneum ranges from 0 �m to 15 �m, depending on
the anatomic location.

Granular layer
The granular layer is located 15 �m to 20 �m

below the surface.9 It consists of viable keratinocytes
with central dark nuclei and surrounding refractile
granular cytoplasm resulting from organelles and
keratohyalin granules.8-10 This layer typically has a
‘‘honeycomb’’ pattern resulting from the back-to-
back arrangement of keratinocytes that display
polygonal bright cellular outlines.7

Spinous layer
The spinous layer is located at a depth of

20 �m to 100 �m and has a higher keratinocytic
density than the granular layer.8,9 Keratinocytes
decrease in size with deeper layers. The spinous
layer also forms a honeycomb pattern, consist-
ing of bright polygonal keratinocytes with
refractile cytoplasm and dark central nucleus
(Fig 4).
Fig 1. Diagram depicting optical principle
Basal layer and the dermoepidermal junction
At a depth of 50 �m to 100 �m, the basal

keratinocytes often display an opposite refractivity
pattern: cells are brighter at the center than at the
peripheral cytoplasm because melanin caps encase
the nuclei. This yields a cobblestone pattern formed
by clusters of numerous bright round basal kerati-
nocytes above the dermal papillae (Fig 5).5,6

The cobblestone pattern is more pronounced in
individuals with darker skin.7,9 Within the basal
layer, melanocytes may be identified; they do not
always take on the classic dendritic form, but rather
can have varied shapes, including oval and
fusiform.11

At the dermoepidermal junction (DEJ) there are
oval to round ‘‘rings’’ composed of brighter circum-
ferentially arranged basal keratinocytes around
darker, less refractile dermal papillae; this feature
is referred to as ‘‘edged papillae’’ (Fig 6). When
capturing the image, blood vessels running through
the dermal papillae can be visualized in real-time.
Superficial dermis
At a depth of 100 �m to 150 �m, collagen fibers

forming a reticulated pattern can be seen.8,9 Dermis
that harbors fibrosis or solar elastosis shows more
refractile collagen than normal skin. In the deeper
reticular dermis, collagen appears as parallel-
arranged thicker bundles. Melanophages may
appear as plump, irregularly shaped stellate highly
refractile cells without a visible nucleus.7,10 Only
s of reflectance confocal microscopy.



Table I. Refractive indices of different components
of the skin in descending order

Skin components Refractive index

Melanin in pigmented keratinocytes or
melanocytes6

1.7

Keratin74 1.5
Hair75 1.37-1.7

(depending
on melanin
content)

Stratum corneum4 1.55
Collagen, radial76,77 1.40-1.61
Organelles, protein fibrils, membranes,
and protein globules77

1.39-1.47

Dermis78 1.36-1.41
Intercellular liquid and cytoplasm,
ground substance77

1.35-1.37

Epidermis4 1.34
Collagen, axial76,77 1.32-1.45
Red blood cells79 1.40-1.42
Inflammatory cells80 1.38-1.48
Serum and plasma81 1.39
Nuclei82 1.23-1.34

Fig 2. Reflectance confocal microscopy (RCM) devices. A,
A wide-probe RCM device (Vivascope1500). B, A hand-
held RCM device (Vivascope 3000). Courtesy of Caliber
I.D., Andover, MA.
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superficial components of adnexal structures can
be seen by RCM.

RCM BASIC TERMINOLOGY
Key terms and patterns used to describe RCM

features in the skin are described in Table II.

CLINICAL INDICATIONS
Diagnosis of cutaneous neoplasms

RCM should not replace but should instead
serve as an adjunct to clinical and dermoscopic
examination.12 At present, the main clinical applica-
tion of RCM is diagnosis of equivocal skin lesions
with a low-to-moderate pretest probability of malig-
nancy. RCM is not aimed at diagnosis of lesions with
clear-cut criteria for malignancy based on clinical
and dermoscopic examination. In particular, RCM is
worthwhile in instances where clinicians are more
hesitant to obtain a biopsy specimendadults with
lesions in cosmetically sensitive areas (e.g., the face)
or regions with poor wound healing (e.g., the lower
extremities).

Borsari et al13 found in a retrospective analysis
that one of the best indications for RCM is diagnosis
of lesions located on sun-damaged skin, particularly
the head and neck areas. In our experience, there
are 2 indications that are highly amenable to RCM
imaging. First, pigmented macules/patches on sun-
damaged skin with differential diagnosis of clinically
atypical solar lentigo/flat seborrheic keratosis, lichen
planuselike keratosis, pigmented solar keratosis,
and lentigo maligna (LM). Second, nonpigmented
facial papules; the differential diagnosis ranges
from benign lesions (intradermal nevus or angiofi-
broma) to skin cancers (basal cell carcinoma [BCC]
or squamous cell carcinoma [SCC]). In both indica-
tions, diagnostic entities usually show different RCM
criteria and accurate diagnosis leads to different
management.



Fig 3. Normal skin. Reflectance confocal microscopy
optical section (0.5 3 0.5 mm2) at the level of the stratum
corneum showing a bright layer of flattened anucleate
keratinocytes (yellow arrow), interrupted by dark fissures
(red asterisk) representing dermatoglyphs.

Fig 4. Normal skin. Reflectance confocal microscopy
mosaic (1.5 3 1.5 mm2) at the level of the mid-spinous
layer showing uniformly sized and spaced keratinocytes.
The central nucleus of keratinocytes appears dark, while
the surrounding cytoplasm presents well-demarcated
bright polygonal outlines, forming a honeycomb pattern.

Fig 5. Normal skin. Reflectance confocal microscopy
mosaic (1 3 1 mm2) at the basal layer depicting closely
set cuboidal to round bright keratinocytes (arrows) form-
ing a cobblestone pattern.
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Several studies have shown that RCM increases
diagnostic accuracy (Table III). For melanoma diag-
nosis with RCM, a systematic review pooling data
from 5 studies comprising 909 lesions found a
sensitivity of 93% (95% confidence interval [CI] 89-
96%) and specificity of 76% (95% CI 68-83%).14 A
metaanalysis of RCM for BCC diagnosis found a
sensitivity of 97% (95% CI 90-99%) and specificity of
93% (95% CI 88-96%).15 In our experience, RCM
allows in most cases to confirm a suspicion of BCC
and enables the clinician to proceed directly to
definitive treatment. A pooled analysis of 25 studies
established an overall RCM sensitivity and specificity
of 79% to 100% and 78% to 100%, respectively, for
SCC, SCC in situ, and keratoacanthoma.16 For all skin
cancer types, 1metaanalysis pooling 21 studies (3108
patients, 3602 lesions) demonstrated overall sensi-
tivity of 94% and specificity of 83%.17 A prospective
study found that RCM significantly increased clini-
cians’ confidence in the diagnosis of dermoscopi-
cally equivocal lesions.18

Several studies underscore the utility of inte-
grating RCM in high-risk pigmented lesion clinics
where patients have multiple nevi. In one study, the
number needed to excise (NNE) for the diagnosis of
melanoma using dermoscopy alone was 14.6, while
the use of RCM after dermoscopy reduced the NNE to
6.8 (a[50% reduction of unnecessary excisions).19

Another study found that dermoscopy alone had a
NNE of 3.7, while the combination of dermoscopy
and RCM decreased NNE to 2.9, a significant differ-
ence.20 In both studies, RCM-negative lesions
were then followed with digital dermoscopy at 3 to
6 months and at 1 year to ensure stability.19,20

Another study proposed to first perform digital
dermoscopic monitoring of (flat) lesions for
3 months, followed by RCM imaging of lesions that



Fig 6. Normal skin. Reflectance confocal microscopy optical section (0.5 3 0.5 mm2) at the
level of the dermoepidermal junction showing dark dermal papillae (asterisks) with a well-
demarcated rim of bright cells (arrow) forming a ringed pattern termed ‘‘edged papillae.’’ This
plane partially intersects the basal layer, and therefore the cobblestone pattern (star) can be
visualized, interweaving amongst the edged papillae.

Table II. Basic relectance confocal microscopy terminology7,9,74,83-85

RCM pattern RCM description Histopathologic correlates

Epidermal layers
Regular (typical)
honeycomb

Polygonal bright cellular outlines of
keratinocytes demonstrating uniformity in
size and shape and in thickness and
brightness of the lines

Normal pattern of keratinocytes in
nonpigmented spinous and granular layers;
brightness is caused by keratohyaline
granules and organelles in the cytoplasm of
keratinocytes8

Irregular (atypical)
honeycomb

Polygonal bright cellular outlines of
keratinocytes displaying variability in size
and shape and nonuniformity in thickness
and brightness of the lines

Atypical keratinocytes of the spinous and
granular layers displaying disorganized
arrangement and crowding and
pleomorphism of nuclei

Broadened
honeycomb

Polygonal outlines are thicker and brighter than
usual, but overall uniform in size, shape, and
brightness

Correlate not elucidated, but this RCM pattern
is often associated with an acanthotic
epidermis

Regular (typical)
cobblestone

A uniform pattern of closely set, bright round
cells separated by less refractile polygonal
outlines

Keratinocytes are brighter at the center,
because of melanin caps encasing nuclei,
than at the peripheral cytoplasm; normal
pattern of pigmented basal keratinocytes at
suprapapillary plates, and variant of normal
pattern of spinous-granular layers in darker
skin

Irregular (atypical)
cobblestone

A nonuniform pattern of closely set, bright
round cells separated by less refractile
polygonal outlines, with cells showing
variability in size, spacing, and brightness

Atypical pigmented keratinocytes displaying
disorganized arrangement and crowding and
pleomorphism of nuclei

Continued
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Table II. Cont’d

RCM pattern RCM description Histopathologic correlates

Disarranged
epidermis

Epidermis that lacks recognizable honeycomb
or cobblestone pattern.

Atypical keratinocytes displaying markedly
disorganized arrangement

Pagetoid spread Bright round or dendritic nucleated atypical
cells in the suprabasal layers of the epidermis

Atypical melanocytes in the suprabasal layers;
Langerhans cells may be difficult to
distinguish from dendritic melanocytes

DEJ/papillary dermis
Edged papillae Dark dermal papillae surround by ring-like rim

of bright cells
Normal pattern of undulating DEJ with dermal
papillae surrounded by pigmented basal
keratinocytes or melanocytes

Nonedged
papillae

Dermal papillae without a demarcating bright
rim of cells; adjacent dermal papillae may be
separated by large reflecting cells

Irregular junctional proliferation of melanocytes
resulting in disarrangement of undulating
DEJ pattern

Ring pattern Low-magnification DEJ pattern showing a
predominance of ‘‘edged papillae’’

Normal pattern of undulating DEJ with
pigmented basal keratinocytes or
melanocytes at the sides and tips of the rete
ridges; seen also with lentiginous junctional
proliferation of melanocytes

Meshwork
pattern

Low-magnification DEJ pattern showing
thickened, interconnecting, bright elongated
aggregates that widen the interpapillary
spaces

Elongated junctional nests of melanocytes
along the sides and tips of the rete ridges,
with bridging of adjacent retes

Clod pattern Low-magnification superficial dermis pattern in
which bright nests predominate

Large-nested proliferation in the superficial
dermis

Composite
pattern

Combination of the previous 3 RCM patterns
(ring/meshwork/clod)

Combination of the above patterns

Dense nests Round, oval, or polygonal sharply delineated
compact cell aggregates

Round, oval, or polygonal junctional or dermal
nests of melanocytes

Atypical cells Large ([20 �m), roundish or dendritic
nucleated cells in the suprabasal epidermis
or DEJ or dermis, either presenting as single
cells or forming nondense clusters

Atypical melanocytes

DEJ disarray Architectural disorder including the presence of
nonedged papillae, disorganized ring,
meshwork, or clod patterns, or poorly
defined areas that lack any recognizable
pattern

An uneven undulating pattern or flattening of
the DEJ, mostly in the context of neoplastic
cellular proliferation

Basaloid
cords/islands

Roundish, elongated, or polycyclic refractile
structures with cellular palisading at the
periphery, frequently outlined by a ‘‘dark
cleft’’ that separates the refractive structure
from the surrounding stroma

Refers to basaloid aggregates of basal cell
carcinoma

Plump
bright cells

Large bright cells in the dermis that are poorly
demarcated and lack visible nucleus

Melanophages

DEJ, Dermoepidermal junction; RCM, reflectance confocal microscopy.
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show minor or moderate dermoscopic change; the
NNE was reduced by 47% through referral for
excision only of lesions that show major changes in
digital dermoscopic follow-up or that show RCM-
positive features.21

Presurgical applications
Several studies have evaluated the potential role

for RCM in presurgical margin evaluation of skin
cancers to facilitate surgical planning. After obtaining
a biopsy specimen, a clinical dermoscopic evalua-
tion of BCC is unreliable in determining the presence
of residual tumor versus complete clearance.22-24

Among patients referred for Mohs micrographic
surgery with biopsy-proven BCC but without clinical
evidence of a residual tumor, RCM allowed presur-
gical detection of residual BCC with 92.8% sensitivity
and 68.4% specificitydcompared with frozen-
section histopathology.23 To compensate for the
depth limitation of RCM, one prospective study



Table III. Overview of key studies evaluating the diagnostic accuracy of reflectance confocal microscopy

Study type Lesions, N Tumor evaluated Accuracy

Metaanalysis86 498 LM RCM sn: 93%
RCM sp: 89%
derm sn: 73%
derm sp: 84%

Retrospective51 223 LM/LMM RCM sn: 80%
RCM sp: 81%
derm sn: 61%
derm sp: 92%

Metaanalysis87 1111 Amelanotic/hypomelanotic melanoma RCM sn: 67%
RCM sp: 89%
derm sn: 61%
derm sp: 90%

Prospective88 326 Melanoma RCM sn: 91%
RCM sp: 68%
derm sn: 88%
derm sp: 32%

Prospective89 117 Melanoma (n = 27) RCM sn: 988.15%
RCM sp: 97.60%

Cochrane metaanalysis90 2838 Melanoma (n = 658) RCM sp: 82%
derm sp: 42%

Retrospective91 64 Melanoma RCM sn: 100%
RCM sp: 69%

Prospective92 710 Melanoma (n = 216)
BCC (n = 119)

RCM sn: 87.6%
RCM sp: 70.8%
RCM sn: 100%
RCM sp: 88.5%

Metaanalysis93 4163 BCC RCM sn: 92%
RCM sp: 93%

Retrospective94 123 BCC RCM sn: 97.1%
RCM sp: 78.95%

Cochrane meta-analysis95 2037 BCC (n = 464) RCM sn: 94%
RCM sp: 85%

Prospective96 100 BCC RCM sn: 100%
RCM sp: 38%
biopsy sn: 93.94%
biopsy sp: 79%

Retrospective97 1189 All lesion types RCM sn: 98.2%
RCM sp: 99.8%

Prospective13 1279 All lesion types RCM sn: 95.3%
RCM sp: 83.9%

BCC, Basal cell carcinoma; derm, dermosocpe; LM, lentigo maligna; LMM, lentigo maligna melanoma; sn, sensitivity; sp, specificity.
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combined RCM and optical coherence tomography
(OCT), which captures low-resolution images at
greater depth than RCM. The study found a sensi-
tivity of 82.6% and specificity of 93.8% for BCC
diagnosis at lateral- and deep-margin evaluation
after the initial biopsy procedure of BCCs.25

Notably, RCM/OCT use demonstrated that 29% of
BCCs had no residual tumor burden after the initial
biopsy procedure, verified by frozen sections.25 The
ability to identify lesions with complete tumor
clearance after the initial biopsy procedure may
circumvent the need for further surgery or allow
the clinician to pursue noninvasive treatment
options.22

LM presentation in cosmetically sensitive areas
and difficulty achieving clear surgical margins with
associated significant recurrence rate after surgery,
make LM a therapeutic challenge.26-29 To that end,
RCM has been used for the planning of surgical
margins of LM, specifically in cases that are light-
colored or amelanotic, or in recurrent cases.29

Pellacani et al30 evaluated the feasibility of using
superficial skin cuts as RCM imaging anchors for
presurgical evaluation of LM margins. They showed,
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in 23 patients, that RCM correctly predicted negative
margins in 91%, while clinical-dermoscopic evalua-
tion correctly mapped margins in only 26% of
lesionsdverified histopathologically.30 The utility of
RCM lies in its ability to detect atypical melanocytes at
LM borders that are not discernible clinically or
dermoscopically.30-32 Similarly, Yelamos et al33

found, in 23 cases of LM and LM melanoma,
concordance in margin mapping between handheld
RCM (using a radial videoemosaicing technique) and
staged excision. Surgical margins were a mean of
0.8 mm larger than those estimated by RCM.33 While
RCM-based margin mapping is currently limited to
research studies in the United States, these results
have been incorporated into evidence-based clinical
practice guidelines for the management of LM in
Australia.34

Monitoring of ablative and noninvasive
therapy

RCM is also under investigation in monitoring
response to noninvasive therapies.35,36 Assessment
of tumor clearance after treatment, based on clinical
and dermoscopic examination, is limited because of
hyperpigmentation and erythema at the treatment
site.12 Patients receiving noninvasive therapy may
also be reluctant to undergo invasive biopsy pro-
cedures to ensure tumor clearance.12 Therefore, a
noninvasive means of monitoring response to treat-
ment is warranted. Studies have explored the use of
RCM after imiquimod therapy in patients with LM
that were unsuitable surgical candidates.37,38 Among
LMs with histopathologically confirmed response to
imiquimod therapy, RCM showed a significant
decrease in the mean number of atypical melano-
cytes (from 121/mm2 before to 7/mm2 after therapy,
P\.0001).37 The utility of RCM in monitoring actinic
keratoses after treatment has also been shown in
several studies.39-41 Before actinic keratosis treat-
ment, RCM imaging of the epidermis showed para-
keratosis and atypical honeycomb composed of
atypical keratinocytes, whereas after treatment a
regular honeycomb pattern was restored within the
epidermis.42

Studies have also evaluated the role of noninva-
sive treatment monitoring with RCM for BCC,43-46

particularly in disorders with the formation of
numerous BCCs. Given the skin cancer burden in
these patients, noninvasive therapies are ideal; how-
ever, a noninvasive means of monitoring response
and ensuring tumor resolution is necessary. The
utility of RCM in assessing BCC response to photo-
dynamic therapy in patients with xeroderma pig-
mentosum and nevoid BCC syndrome has been
demonstrated.43 In addition, Longo et al44
demonstrated that in 12 patients with BCCs treated
with photodynamic therapy RCM detected histo-
pathologically confirmed residual BCC that went
undetected by clinical-dermoscopic examination.
Similarly, evaluation of BCC response to oral hedge-
hog inhibitors (e.g., vismodegib) with RCM showed
that pseudocyst formation (‘‘empty tumor nests’’)
and fibrosis were indicators of BCC regres-
siondconfirmed histopathologically.45 Banzhaf
et al46 combined ablative fractional laser and ingenol
mebutate for management of 20 BCCs and evaluated
response by RCM/OCT. Repeat treatment was pro-
vided at day 29 in 25% of BCCs, in which subclinical
residual tumor was detected by RCM/OCT. The
RCM/OCT-estimated cure rate at day 90 was 60%,
at substantial agreement with the histopathologically
confirmed cure rate of 70% (k $ 0.8, P \ .0001).46

Notably, caution should be exercised to not miss
deep residual disease because of RCM’s depth
limitation.12,22

Tumor recurrence surveillance
Another therapeutic challenge is the recurrence of

pigmentation within a scar. The diagnostic dilemma
is differentiating a recurrent nevus versus melanoma
versus epidermal-basal hyperpigmentation.47,48 If a
biopsy procedure is undertaken, there is the possi-
bility of sampling error yielding false negative results
and further incurring scarring.49 RCM can facilitate
both diagnosis and locating the involved area
(particularly in large lesions) to guide a high-yield
biopsy specimen. The effectiveness of integrating
clinical, dermoscopic, and RCM examination in
determining the nature of repigmentation within
scars has been demonstrated.50 RCM alone has
shown higher sensitivity than dermoscopy for eval-
uation of recurrent LM/LM melanoma.51 Another
study evaluated new pigmentation within or adja-
cent to LM/LM melanoma surgical scars with RCM
and histopathology in 29 patients, demonstrating
RCM sensitivity of 95.2% (95% CI 76.2-99.9%) and
specificity of 77.7% (95% CI 40.0-97.2%).49

Applications in inflammatory disorders
Several studies have evaluated the role of RCM

in inflammatory disorders.52 Concordance between
histopathologic and RCM findings have been
demonstrated in psoriasis,53 discoid lupus erythe-
matosus,54 contact dermatitis,55 and lichen pla-
nus.56 RCM can also aid in the classification of
inflammatory patterns that can be recognized from
assessment of the epidermis and superficial der-
misdpsoriasiform dermatitis, interface dermatitis,
and spongiotic dermatitis.52 However, RCM use
in inflammatory disorders is limited by depth



Table IV. Limitations and artifacts of reflectance confocal microscopy imaging

Limitations Examples

Related to its optical,
mechanical, and
software properties

Illumination artifacts98: AIC unit should adjust laser power intensity to attain uniform level of
illumination across images. Failure of AIC to function properly results in oversaturated or
underilluminated areas. This tends to occur at areas with sharp transition in brightness (e.g., near
hair follicles).

Mosaic stitching artifacts: The RCM acquires adjacent optical sections and the software stiches
them into mosaic images. The device mechanically moves the skin relative to the laser beam
during mosaic acquisition. Failure of this process may cause repeat appearance of the same
structure in adjacent tiles of the mosaic or in uneven transition between tiles (giving a
‘‘checkerboard’’ appearance to the mosaic; Figure 7).

Depth: Maximum imaging depth is about 250 �m. With increasing depth, loss of resolution occurs.
Field of view: The handheld device has a field-of-view limited to 0.753 0.75 mm2. This narrow field
of view does not allow low-magnification assessment of pattern symmetry or comparison of
overall RCM pattern to the dermoscopic pattern, which are often needed in differentiating
atypical nevi from melanoma.

Related to patient
and lesion factors

Motion artifact98: Imaging disruption resulting from patient movement. For example, breathing
may cause uneven imaging depth during capture of mosaic images.

Excess backscatter98-100: Hyperkeratotic and heavily pigmented lesions can cause excess superficial
backscattering of light causing oversaturation of superficial images and hindering visualization
of deeper structures. In addition, air bubbles and external reflective particles (e.g., sunscreens)
may strongly backscatter RCM light and obscure underlying structures.

Anatomic siteerelated limitations101:
d In palmoplantar skin, the DEJ may difficult to visualize because of the thickness of the
epidermis

d On a hairy scalp, the hairs strongly back-scatter light and interfere with imaging
d On narrow or concave anatomic sites, RCM requires full contact with the skin. The wide-probe
RCM requires a flat larger surface. The handheld RCM has a smaller probe that can access most
anatomic sites but may be restricted in regions like interdigital spaces or inner surface of the
auricles

Dendritic cells59: Langerhans cells may be difficult to distinguish from melanocytes under RCM. In
inflamed pigmented lesions (e.g., lichen planus like keratosis), Langerhans cells may become
conspicuous, and may be erroneously interpreted as being dendritic melanocytes in Pagetoid
spread, leading to false-positive diagnoses of melanoma.

AIC, Automatic intensity control; DEJ, dermoepidermal junction; RCM, reflectance confocal microscopy.

J AM ACAD DERMATOL

JANUARY 2021
10 Shahriari et al
visualization restrictions and by difficulty in differ-
entiating between various types of inflammatory
cells.
Limitations of RCM imaging
Awareness of the limitations and pitfalls of RCM is

paramount. To avoid false negative RCM diagnosis,
users should be cautious with: (1) nodular lesions
because of limited RCM depth penetrationdthis is
akin to a missed diagnosis of nodular melanoma
because of a superficial shave biopsy specimen; (2)
lesions with substantial hyperkeratosis, crusting or
ulcerationdas the highly reflective surface may
reduce imaging quality; and (3) lesions with discrep-
ancy between the clinical-dermoscopic and RCM
findings.57,58 Table IV provides a summary of key
RCM limitations.
PRACTICAL CONSIDERATIONS
Billing

On January 1, 2016, category ICurrent Procedural
Terminology reimbursement codes were established
for the use of the wide-probe RCM (96931-96936) for
image acquisition and image interpretation. The first
3 codes are used for imaging a single lesion. Code
96931 applies if the same physician’s office staff
acquired the images and then that physician inter-
preted images and produced a report.59 Codes 96932
and 96933 apply if 2 separate physicians were
involved in ordering image acquisition and perform-
ing interpretation. For each additional lesion, there
are 3 corresponding codes that correlate with the
aforementioned (96934, 96935, and 96936).59 For the
first lesion, the average relative value unit granted is
3.57 for image acquisition and 1.30 for interpretation,
which is comparable to a biopsy procedure and



Fig 7. Reflectance confocal microscopy mosaic depicting
an air bubble appearing highly refractile (red arrow),
mosaic stitching artifact, and illumination artifact at areas
of sharp transition (green arrow).
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histopathologic interpretation. Further information is
available in the referenced video.60

Logistics
Although the cost of the device is high, the

presence of reimbursement codes and options to
lease afford prospects for practices to add RCM to
their toolbox. Training is required for both the
individual acquiring images (usually a technician or
nurse), as well as those interpreting the images and
creating the report. Training for initial image acqui-
sition takes about 1 month, with a subsequent
learning curve of 3 additional months. Training for
image interpretation is estimated to take 4 to
6 months.12,61 As most US training programs do not
teach RCM at present, learning is self-tailored and
involves RCM courses taught by experts,62-64 online
educational resources,65-69 and textbooks.70-72 It is
helpful to seek occasional guidance from an expe-
rienced RCM user during the first 6 months.73 We
recommend dedicating long-term staff for image
acquisition because of the relatively lengthy learning
curve.

Image acquisition of a single lesion typically
ranges in time, but approximates the time needed
to set up, explain, and perform a biopsy procedure;
image acquisition with the handheld is significantly
faster. The recommended image set for the wide-
probe RCM is a minimum of 3 mosaic images at the
suprabasal epidermis, basal epidermis/DEJ, and
superficial dermis. For both wide-probe and hand-
held RCMs, optical sections or image stacks are
obtained at foci that show suspicious RCM findings.

When use of RCM is deemed appropriate, that
patient can have image acquisition during the same
appointment or, if not possible, at a scheduled return
visit soon thereafter. The ordering dermatologist
specifies the lesion of interest and the staff acquires
the RCM images. The images can be read by the
bedside or forwarded to the physician providing
interpretation. The RCM is signed out like a derma-
topathology report and sent to the ordering
dermatologist.
CONCLUSION
Use of RCM is increasing to help diagnose

equivocal neoplasms and reduce unnecessary bi-
opsy procedures in patients with benign neoplasms.
The role of RCM is evolving in presurgical margin
mapping, recognition of tumor recurrence, moni-
toring of noninvasive therapies, and inflammatory
skin disease.
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