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Introduction

With skin cancer incidence rate steadily increasing each year, 
melanoma continues to pose a significant public health prob-
lem globally. It is well-known that early detection and preven-
tion of melanoma remains the most important intervention for 
reducing morbidity and mortality, therefore it is imperative to 
promote innovation that will advance our ability to diagnose 
melanoma early. Because prognosis and treatment are depen-
dent on the depth of dermal involvement, definitive diagnosis 

of melanoma can only be made through histopathologic assess-
ment [1]. Thus, appropriate sampling of tissue is critical for the 
accurate evaluation of melanoma.

Current guidelines recommend that when complete excision 
of a suspicious pigmented lesion is not appropriate, a punch bi-
opsy be taken from the darkest or most elevated area of the 
lesion [2-4]. This sampling protocol is based on literature sug-
gesting that the darkest and thickest part of a melanoma repre-
sents the most fully developed portion that involves the dermis 
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and this protocol is widely adopted in clinical practice [5]. Other 
recommendations include sampling areas containing specific 
features, such as small dark dots, that have known associations 
with melanoma [6]. However, when applying this method to le-
sions that demonstrate great histological heterogeneity, such as 
in Lentigo Maligna (LM), sampling error remains a significant 
barrier to accurate diagnosis. In a study comparing the histo-
pathologic findings of suspicious pigmented lesions, Somach 
et al. followed these guidelines for all biopsies and the results 
demonstrated a staggering 40% sampling error [7]. In addition, 
there have been many other studies that report similar find-
ings of significant sampling error while following recommended 
guidelines [8-12],therefore developing new methods to mini-
mize sampling bias is necessary for improving diagnostic accu-
racy.

Recently, many innovative skin cancer detection technolo-
gies have been developed to increase diagnostic accuracy, in-
cluding Reflectance Confocal Microscopy (RCM). RCM is an 
advanced non-invasive imaging modality that utilizes a diode 
laser to obtain a live cytologic view of cellular structures in 
each layers of the skin [13]. The valuable utility of RCM in the 
early detection of melanoma, especially in clinically equivocal 
lesions, is well documented in existing literature. Furthermore, 
RCM can incorporate digital dermoscopy images, which allows 
experts to correlate suspicious findings on RCM to a specific 
area of the lesion [13]. By identifying and isolating the area of 
concern, RCM may be a useful tool to guide biopsies and opti-
mize the selection of pathology slide preparation. To the best 
of our knowledge, there is only one reported technique that 
utilized RCM to guide biopsy. In a case of LM, Robinson et al. 
incorporated a previously described technique that utilizes ad-
hesive tape to clearly delineate the area of interest. By creat-
ing a 3 mm window for visualization in the tape, the lesion is 
evaluated through the window by handheld RCM (Vivascope 
3000; Caliber ID), constantly repositioning the tape until con-
cerning RCM features are identified and then a punch biopsy is 
performed through the perforation [14]. Although Robinson et 
al. were able to successfully demonstrate how this technique 
can be used to minimize sampling error; there are many limita-
tions of this method that may inhibit its widespread adoption 
including time for complete assessment, restricted for use with 
handheld RCM only, and inability to guide excisional biopsies. 
We propose an alternative method of RCM-guided biopsy that 
may be an effective solution to these issues. 

Ink stained RCM-guided biopsy

We would like to introduce a novel ink-stained RCM-guided 
biopsy technique that aims to minimize biopsy-sampling error 
and increase the likeliness of obtaining an accurate diagnostic 
histopathologic assessment. In our proposed method, a pig-
mented lesion that is suspicious or equivocal on dermoscopic 
evaluation is further evaluated with either traditional RCM 
(Vivascope 1500; Caliber Imaging and Diagnostics, Inc.) or hand-
held RCM (Vivascope 3000; Caliber Imaging and Diagnostics, 
Inc.) to determine need for biopsy. Evaluation of the lesion with 
RCM is conducted as part of a standard assessment, where the 
decision to use traditional or handheld RCM can be based on 
applicability and tailored to each individual case. 

When using traditional RCM, a digital dermoscopic image of 
the lesion is taken with the attached scope (VivaCam; Caliber 
Imaging and Diagnostics, Inc.) prior to scanning to generate a 
dermoscopic overview for navigation during confocal examina-
tion. The dermatoscopic overview and the confocal image cor-

relate precisely, thus if concerning features are noted on RCM, 
the exact area of the lesion that contains the suspicious findings 
is highlighted in the dermoscopic image as seen in Figure 1a. 
After identifying the area of the lesion that correlates with the 
highlighted dermoscopic image, and always ensuring matching 
orientation, a small drop of surgical ink is applied with a dip ap-
plicator (prior to biopsy) to serve as a landmark for pathologists 
(Figure 1b). After waiting 15 seconds, a safe non-caustic fixative 
solution made with acetic acid (Figure 2b) is sprayed on the le-
sion and must be left for another 15 seconds. Any excess ink is 
removed using gauze. Once the lesion is stained and fixed, it 
can be removed appropriately, usually as an excisional biopsy, 
however this technique allows for multiple types of biopsies to 
be performed as normal. The surgical ink used is a sterile dye 
(Margin Marker ink; Vector Surgical) traditionally used to opti-
mize intraoperative tissue orientation and margin marking [15]. 
The ink securely adheres to tissue and brightly stains the area 
for easy recognition by pathologists, therefore aiding in localiza-
tion during histopathological assessment.

If a lesion covers a large surface area or is located in an area, 
challenging to evaluate with traditional RCM, such as the face, 
our proposed ink-stained guided biopsy technique can be ap-
plied to handheld RCM. Utilizing this method, the lesion is eval-
uated with the handheld RCM as per usual protocol, scanning 
the entire lesion until an area of interest or concern is identi-
fied. Prior to evaluation with RCM, the provider should ensure 
that the surgical ink kit is prepped and accessible for immediate 
staining. Once the area of concern is identified on RCM, the ex-
aminer must take note of the placement of where the handheld 
scope is on the lesion, and then carefully remove the scope fol-
lowed by immediate application and fixation of the surgical ink 
as described above. The field of vision for handheld RCM scope 
is limited to 1 x 1 mm2 [16] and represents the area that demar-
cates concerning features of malignancy, allowing for biopsies 
to be targeted within millimeters of RCM-identified suspicious 
features. 

Discussion

Histopathological assessment of biopsied samples remains 
the gold standard for definitive diagnosis of melanoma and 
is a widely accepted and trusted practice by the dermatology 
community. Current guidelines recommend a full-thickness ex-
cisional biopsy, in which the sample extends into the subcuta-
neous fat beneath the tumor, as the diagnostic procedure for 
pigmented lesions suspicious for melanoma [8]. This provides 
the pathologist with the maximum opportunity to diagnose a 
malignant melanoma in a given biopsy sample and accurately 
assess the Breslow depth, a vital prognostic factor used for 
staging and management of the patient. Although guidelines 
strongly encourage excisional biopsy whenever applicable, par-
tial biopsies such as incisional, punch, or shave biopsies may 
be appropriate in selected clinical circumstances. These include 
evaluation of large facial or acral lesions, lesion diameter >2 cm, 
concern about cosmesis or tissue laxity, or when the suspi-
cion of melanoma is low [17-18]. However, partial biopsies of 
pigmented lesions should be exercised with caution as many 
studies report significantly higher rates of misdiagnosis with 
punch or shave biopsies through sampling bias, inability to as-
sess overall architecture, and induction of pseudo-melanoma 
[19-20]. Despite these findings, numerous articles still report 
increasing practice of partial biopsies amongst providers and 
is responsible for over 50% of false-negative melanoma misdi-
agnosis [19-22]. Therefore, it is imperative that advancements 
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geared towards improving lesion localization and minimizing 
sampling error continue to be explored.

The application of RCM in aiding the diagnosis of various 
skin malignancies is well established in literature; however, 
techniques demonstrating its utility in guiding biopsies are just 
beginning to emerge. To the best of our knowledge, only one 
technique has been previously described by Robinson et al. in 
which the authors incorporated previously described tape tech-
niques to map and direct biopsy [14]. Using this method, the 
authors were able to demonstrate the applicability of handheld 
RCM in navigating large, traditionally challenging lesions for bi-
opsy optimization; however, this technique has several limita-
tions that restrict its clinical utility. For example, the technique 
described by Robinson et al. requires constant repositioning 
of the adhesive tape and handheld RCM over the entire lesion 
until the area of concern can be identified. This can become 
very time-consuming, especially when evaluating large lesions, 
which negates the benefit of using handheld RCM. Often, when 
evaluating large or anatomically complicated lesions, handheld 
RCM is preferred for its ability to conduct efficient and rapid 
en-face evaluation [23]. In addition, this technique can only be 
used with handheld RCM, which comes with its own unique 

challenges including requiring necessary expertise and training 
that limit its widespread adoption. Furthermore, because this 
method relies on a small 3-mm perforation in the adhesive tape 
to delineate the area of interest for sampling, this technique is 
only suitable for punch biopsies. 

Our proposed novel ink-stained RCM-guided biopsy tech-
nique is an alternative solution for optimizing lesion localization 
that is time-sensitive, inexpensive, and versatile. With this tech-
nique, RCM evaluation of suspicious lesions may be conducted 
per usual protocol, making it less time-consuming and arduous 
compared to previously reported techniques. In addition, this 
procedure is applicable for both traditional and handheld RCM 
use which enables more widespread utility of this method. Last-
ly, unlike the previously described tape technique that is limited 
to punch biopsies, our method can be applied to lesions requir-
ing excisional biopsies, which remains the current recommenda-
tion for sampling pigmented lesions suspicious for melanoma. 
We have successfully utilized this technique on 7 cases of RCM-
identified suspicious pigmented and non-pigmented lesions, all 
of which have been found to be concordant with histopatholog-
ic assessment. It is important to note that this technique, while 
simple to follow, relies heavily on the precision of ink placement 
on the lesion, and special attention should be made during this 
step. This highlights how the use of the described reflectance 
confocal microscopy guided biopsy technique can be used to 
improve localization for biopsies for challenging cases and in-
crease diagnostic accuracy in an efficient and time-sensitive 
manner that may have more widespread appeal compared to 
previously described techniques.
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