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Abstract. Precise removal of basal cell carcinomas �BCCs� with mini-
mal damage to the surrounding normal skin is guided by the exami-
nation of frozen histology of each excision during Mohs surgery. The
preparation of frozen histology is slow, requiring 20 to 45 min per
excision. Confocal reflectance mosaicing may enable rapid detection
of BCCs directly in surgical excisions, with minimal need for frozen
histology. Soaking the excisions in acetic acid rapidly brightens nuclei
and enhances BCC-to-dermis contrast. Clinically useful concentra-
tions of acetic acid from 10 to 1% require 30 s to 5 min, respectively.
A tissue fixture precisely controls the stability, flatness, tilt, and sag of
the excisions, which enables mosaicing of 36�36 images to create a
field of view of 12�12 mm. This simulates a 2� magnification view
in light microscopes, which is routinely used by Mohs surgeons to
examine frozen histology. Compared to brightfield, cross-polarization
enhances contrast and detectability of BCCs in the papillary dermis
but not in the reticular dermis. Comparison of mosaics to histology
shows that nodular, micronodular, and superficial BCCs are easily
detected. However, infiltrative and sclerosing BCCs tend to be ob-
scured within the surrounding bright dermis. The mosaicing method
currently requires 9 min, and thus may expedite Mohs surgery. © 2007
Society of Photo-Optical Instrumentation Engineers. �DOI: 10.1117/1.2750294�
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Introduction
mong skin malignancies, basal cell carcinoma �BCC� is the
ost common, occurring at an estimated rate of 800,000 cases

n the United States every year.1 BCCs are tumors most com-
only occurring on sun-exposed areas of the body such as the

ace or head, and often on or near the nose, eyes, ears, or
outh. Because of this occurrence in high-risk anatomical

reas, BCCs require precise excision with minimal loss of the
urrounding normal tissue, and are effectively treated with

ohs micrographic surgery.2,3 Mohs surgery involves curet-
ing of the gross tumor, followed by continued thin excisions
f skin, which are immediately processed for frozen pathol-
gy. The surgeon examines the pathology sections for the
resence of BCC in the peripheral and deep margins of the
xcision. Excisions are repeatedly performed and examined
ntil the last section shows no residual features of BCC. This
s followed by closure of the excised wound. Mohs surgery
enerally requires one to two excisions, with preparation of
rozen sections and examination requiring 20 to 45 min per
xcision.4 During the preparation of frozen pathology sec-
ions, the patient must wait under local anesthesia with an
pen wound. Mohs surgery thus requires a total visit time of 1
o 2 h per patient. For large and complex cases, several exci-
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ork, New York 10022; Tel: 212–610–0832; Fax: 212–308–0739; E-mail:

ajadhym@mskcc.org.
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sions may be required, and the total visit time may extend to
several hours.

Optical imaging methods are being developed that may
enable rapid detection of BCCs directly and noninvasively in
surgical skin excisions, minimize the need for frozen pathol-
ogy, and expedite Mohs surgery. The optical methods include
confocal reflectance microscopy,4–8 optical coherence
tomography,9 multispectral fluorescence polarization using
methylene blue and toluidine blue dyes,10,11 terahertz
imaging,12–14 near-IR spectroscopy,15 Raman spectroscopy,16

fluorescence microscopy following staining with amino le-
vulinic acid-induced protoporphyrin IX,17–20 and
autofluorescence.21 In confocal microscopy, a point source of
light illuminates a 3-D spot or voxel within the tissue. In
reflectance mode of contrast, the light that is backscattered
from the voxel is collected through an optically conjugate
aperture �pinhole� onto a detector. The pinhole rejects multi-
ply scattered out-of-focus light while allowing only the in-
focus light from the voxel to reach the detector. Light that is
detected from a voxel results in a pixel at the detector output.
By scanning the voxel in two dimensions, a pixel-by-pixel
image of a thin plane, or an optical section, within the tissue is
noninvasively produced.

In previous research, we demonstrated detection of BCCs
with confocal reflectance microscopy in skin excisions that
1083-3668/2007/12�3�/034027/10/$25.00 © 2007 SPIE
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re up to 10 mm in size.5 The contrast of BCCs relative to the
urrounding dermis was enhanced by “acetowhitening”: soak-
ng skin excisions in acetic acid of concentration 5% for

min. The mechanism of acetowhitening was explained by
he condensation of chromatin which increases backscattering
f light and results in a bright white appearance of the nuclei,
aking them more easily detectable.4,5,22 Light backscatter

rom the condensed chromatin was found to be significantly
epolarized, whereas that from the surrounding dermis re-
ained the polarization of the illumination light. Thus, in
rightfield images, both the nuclei and the surrounding dermis
ppear bright such that the BCCs appear with relatively low
ontrast. However, when illuminated with linearly polarized
ight and detected through a crossed polarizer, the nuclei ap-
eared bright in the images whereas the surrounding dermis
ppeared dark. Consequently, BCC nuclei-to-dermis contrast
ppear enhanced in cross-polarized images, compared to that
n brightfield images.

Rapid detection of BCCs during Mohs surgery will require
apid acetowhitening with short soaking times followed by
apid imaging of large �typically 10 to 20 mm� excisions. We
eport the results of a preclinical study to determine nuclear
rightening and detectability of BCCs using acetic acid con-
entrations between 1 and 10% and soaking times between
0 s to 5 min that would be useful in clinical settings. Ad-
ances in instrumentation are described, particularly, a me-
hanical fixture to precisely mount large excisions and cre-
tion in software of image mosaics over large areas of tissue.
isual correlations of confocal reflectance mosaics to the cor-

esponding frozen histology sections at varying fields of view
re shown. Comparison of cross-polarized to brightfield con-
rast is further described.

Materials and Methods
.1 Excised Tissue Collection
kin excisions from Mohs surgeries were obtained from the
ohs Surgery Unit in the Dermatology Service at Memorial

loan-Kettering Cancer Center �MSKCC� under Human Tis-
ue Utilization Committee �HTUC� approval. For each exci-
ion, the Mohs technician usually prepares three to four fro-
en sections, with each section being approximately 5 to
�m thick. After the Mohs surgeon has obtained and evalu-

ted the frozen sections for histology, the remnants of each
xcision are usually discarded. All discarded excisions were
ollected at the end of the day, after the completion of Mohs
urgeries. Thus, our research did not compromise the standard

ohs surgical and pathology procedures, and did not affect
outine patient care. Fresh excisions of normal skin were also
ollected. Such excisions of redundant normal skin, also re-
erred to as “dog ears” because of their shape, is sometimes
erformed to optimize surgical wound closure and maximize
osmetic-reconstructive outcome.

.2 Excised Tissue Preparation
he collected excision specimens were frozen in the embed-
ing medium that is used in preparing histology sections.
ach excision was thawed, removed from the embedding me-
ium, washed with lukewarm water for several minutes,
laced in a vial of potassium phosphate monobasic-sodium

ydroxide buffer solution �PBS� and then refrigerated. The

ournal of Biomedical Optics 034027-
excisions were living, as confirmed by viability staining with
fluorescein diacetate and fluorescence-imaging of the subse-
quent fluorescein-labeled cytoplasm �unpublished data�.

The confocal imaging of each excision was performed in
two stages: before acetowhitening �control� and after. For the
control, we imaged the excision from the PBS solution. The
excision was then acetowhitened by soaking in acetic acid for
a set time and again imaged. A total of 125 excisions were
imaged in this study. The tested concentrations of acetic acid
were 10, 5, 3, 2, and 1%, with soaking times of 5, 3, 2, and
1 min, and 30 s. For each combination of concentration and
time, 5 excisions were imaged to test repeatability, resulting
in the total of 125 excisions.

The skin excisions were typically of size 10 to 20 mm and
thickness 2 mm, such that the tissue volume was no more
than 1 ml �considering that 60 to 70% of the content of tissue
is water�. The excisions were soaked in 15 ml of acetic acid.
Thus, for the acetowhitening, the ratio of the volume of acetic
acid to the volume of tissue was 15:1. The low concentrations
of acetic acid that were used do not affect the compliance of
the tissue and do not affect the subsequent sectioning and
staining for frozen histology. This was verified in the initial
studies.4,5 �Low-concentration acetic acid, whenever used for
acetowhitening on skin or mucosa, can be rinsed out of the
tissue prior to preparation of frozen histology. Note, however,
that at much higher concentrations such as 50%, acetic acid
fixes tissue. High-concentration acetic acid is, in fact, used as
a fixative for several tissues. In bone tissue, for example, ace-
tic acid facilitates the removal of calcified material, which is
required prior to fixation.�

2.3 Confocal Microscope Instrumentation
The imaging was performed with a modified laboratory bread-
board version of a commercial reflectance confocal micro-
scope �VivaScope 2000, Lucid Inc., Rochester, New York�
that is designed specifically for imaging fresh tissue excisions
ex vivo. The design and instrumentation details were reported
earlier.4,5 The illumination is with a near-IR diode laser at
wavelength of 830 nm and low power of about 1 to 5 mW on
the tissue. The objective lens is a 30�, 0.9 numerical aperture
�NA� water immersion �StableView, Lucid Inc., Rochester,
New York� that was custom-made to image through a 1-mm-
thick glass window. Standard 1-mm-thick microscope cover
slides were used as the glass window �part number 12-550A,
Fisher Scientific, Pittsburgh, Pennsylvania�. The objective
lens provides a field of view of 430 �m. The nominal
diffraction-limited lateral resolution is 0.6 �m and optical
section thickness is 2 �m. The detection pinhole diameter is
150 �m, which corresponds to five times the nominal lateral
resolution. The illumination laser beam is linearly polarized
�p-state� and detection is through a cross-polarizer or analyzer
�s-state�. By rotation of a quarter-wave plate behind the ob-
jective lens, the illumination can be switched between bright-
field and cross-polarized. Images are captured with a frame
grabber �Imaq 1408, National Instruments Inc., Austin,
Texas�.

As in previous studies,4,5,23,24 water as an immersion me-
dium was often substituted with water-based gels such as
Aquasonic 100 ultrasound gel and Suave® hair gel. These

gels have refractive indices of 1.36 and 1.34, respectively, that
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re reasonably close to that �1.33� of water. Furthermore, the
els have a higher degree of viscosity and can therefore be
laced on the inverted objective lens. By comparison to water,
he use of these gels �particularly, Suave®� appeared not to
egrade the image quality of the superficial tissue layer. The
mmersion gel is placed between the objective lens and the
overglass window, while the skin excision is kept hydrated
ith PBS. Once the excision was placed in the fixture, prop-

rly positioned and oriented, and the illumination power ad-
usted, confocal images and mosaics were obtained.

The surface of the excision was imaged. Because the fro-
en excision undergoes thawing, rinsing, acetowhitening, and
ounting in the fixture, distortions in the imaged surface may

ccur due to the mechanical compliance of tissue. Thus, a
lose but not exact correspondence was expected between the
onfocal mosaics of the imaged surface and the sections of
rozen histology that were prepared by the Mohs technician.

.4 Mechanical Tissue Fixture
resh skin excisions from Mohs surgery are of complex and
wkward 3-D shape and size, and are living and hydrated, and
herefore not easy to mount for microscopy. To enable confo-
al mosaicing, to observe large fields of view covering large
reas of the excision, we designed a mechanical fixture to
old the surgical excision and precisely control its flattening,
ilt, sag, and stability �Fig. 1�. The design of the fixture par-
llels the functionality of commercially available cryostats
for example, the CM1510 from Leica Microsystems Inc.�
hat are used for positioning and orienting Mohs surgical ex-
isions prior to preparing frozen histology sections.

The tissue fixture �Fig. 1� accommodates the inverted ob-
ective lens configuration of the confocal reflectance micro-
cope that uses the custom 30�, 0.9 NA water immersion
bjective lens, which images through a 1-mm-thick cover
lide. Creating mosaics of a large area requires the fixture to
ently flatten and accurately position and orient the lower
urface of the excision that is to be imaged. This requires
entle and uniform pressure on the excision, with variable tilt
nd adjustable objective lens-to-excision distance. �In close
nalogy, proper positioning and orientation of the skin exci-
ion in the cryostat is a crucial task for Mohs technicians

ig. 1 Mechanical fixture to mount surgical skin excisions and enable
osaicing over large areas of tissue. The fixture encases the inverted
bjective lens.
hen preparing frozen histology sections.� Once the excision

ournal of Biomedical Optics 034027-
is placed on the glass window, a piston is used to apply pres-
sure on the top to flatten the lower surface. The 1-mm-thick
coverglass slide is stiff enough to prevent the lower surface
�i.e., object plane to be imaged� from sagging under the pres-
sure of the piston. �Standard 170-�m-thick microscope cov-
erslips that are normally used with standard objective lenses
do not work as well. The coverslips tend to sag or break such
that capturing a 2-D sequence of images to create a mosaic
over a large contiguous area is not possible.� The tilt and
orientation of the window relative to the objective lens is
adjusted via spring-loaded thumbscrews. �This is similar to
the kinematic mount that is commonly used in optics.�

To ensure uniform pressure and uniform flattening of the
lower surface, a mechanically compliant material is necessary
between the piston and the irregular corrugated shape of the
excision. We use cold-form agarose gel disks, prepared with
concentration of 3% and thickness 2 to 3 mm. Agarose pow-
der of 0.9 g is dissolved in 30 ml of hot water, placed in
circular Delrin-plastic molds of 1.1875 in. diam and cooled to
room temperature. Under the piston-induced pressure, the gel
conforms to the shape of the excision, which then becomes
embedded within the disk. �This is analogous to the embed-
ding of skin excisions in the cryostat for preparing Mohs his-
tology.� Agarose gel concentrations of 1 to 5% with disk
thickness of 1 to 5 mm were tested. With concentrations of 1
and 2%, the disks were too fragile and broke under the pres-
sure applied by the piston. With concentrations of 4 and 5%,
the disks were too stiff and did not conform to the excision.
Agarose gel disk concentration of 3% conformed to the exci-
sion without breaking. Disks with a thickness of 1 mm broke
while those with thicknesses of 2 to 5 mm did not. This fix-
ture encompasses the objective lens and is mounted onto the
3-D xyz translation stage of the reflectance confocal micro-
scope with user-controlled height adjustment. The system is
robust and enables accurate and repeatable imaging and mo-
saicing.

2.5 Confocal Mosaicing
Skin excisions from Mohs surgery are typically 10 to 20 mm
in extent, whereas the confocal field of view with the
current 30� objective lens is 0.43 mm. �More recently
available lenses with lower magnification such as Nikon
20� /0.75 NA, Olympus 20� /0.95 NA, and Lucid
10� /0.8 NA provide increased fields of view of 0.75 to
1.00 mm.� To observe large areas of an excision, a rastered
2-D sequence of images is captured and stitched in software
to create a mosaic that displays a much larger field of view.
The rastered sequence of images is captured by translating the
tissue fixture with stepper-motors-driven linear XY stages
�Hayden Inc., Stamford, Connecticut�. Individual images are
captured using Vivascope software and mosaics are subse-
quently created with MATLAB software �Version 7.0.1,
MathWorks, Natick, Massachusetts�. The software routine
consists of the following steps: �1� normalization of images
with a reference background image, to correct for illumination
curvature and vignetting, and �2� cropping of images at the
four edges by 5 to 15%; the amount of cropping depends on
the size of the excision, which necessitates a trade-off be-
tween amount of overlap and mosaicing speed; �3� merging or

concatenation of the images into a single mosaic; �4� removal

May/June 2007 � Vol. 12�3�3
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f residual shading bands at the edges of each image with a
everse polynomial fit; �5� Fourier-transform-based removal
f residual dark stitching lines; and �6� scaling down to reso-
ution and pixelation that is equivalent to that in
�magnified views of histology. �The mosaicing software
nd technical support is freely available to anyone who may
e interested.� Currently, up to 36�36 images are stitched
ogether to display a field of view of up to 12�12 mm,
hich simulates light microscope magnification of 2�. Mohs

urgeons routinely use an objective lens with 2� magnifica-
ion to quickly examine large areas of frozen histology sec-
ions during surgery. A continuous step-and-capture routine
equires about 5 min for 36�36 frames.

When routinely examining frozen histology sections with a
tandard brightfield microscope, using a 2�, 0.08 NA objec-
ive lens and white-light illumination �wavelength �

0.5 �m�, the Mohs surgeon observes a field of view of
10 mm with a resolution of �4 �m. The observed field of

iew consists of �2500�2500 pixels, assuming 1 pixel per
ptical lateral resolution element. Thus, the confocal mosaics
ust be displayed with at least 2500�2500 pixels to ensure

he display resolution does not degrade the optical lateral
esolution. We observe mosaics on a 21-in. PC monitor
ViewSonic Corporation, Professional Series P220f , Walnut,
alifornia� using visualization software �PhotoImpact, Mi-
roTek, or IPLab Spectrum version 3.0, Scanalytics Inc.�. This
oftware enables digital zooming to increase the display mag-
ification to 4 or 10�, which mimics the Mohs surgeon’s
ccasional ad hoc use of 4 or 10� objective lenses to exam-
ne histology with higher magnifications.

Each image consists of 640�480 pixels, is 8-bit gray
cale, and requires �1/4 MB of memory, such that a mosaic
f 36�36 images at full resolution consists of more than
3,000�17,000 pixels and requires �300 MB of memory.
he mosaic is scaled down using bilinear interpolation, to
ake the final display equivalent to a histology-like 2� view.
his display consists of �2500�2500 pixels and requires
4 MB.

.6 Preparation of Histology
he frozen histology sections of each excision, which were
repared by routine hematoxylin and eosin �H&E� staining
uring Mohs surgery, were available for comparison to the
onfocal mosaics. The confocal images, mosaics, and submo-
aics were visually correlated to the histopathology at stan-
ard microscope magnifications �2 to 40��. As explained ear-
ier, a close but not exact correlation to histology is expected.

Results
.1 Acetowhitening: Optimum Concentration and

Soaking Time
igure 2 shows that a range of acetic acid concentrations at
arying soaking times is effective for sufficiently brightening
uclei in acetowhitened excisions. Compared to controls, con-
entrations of 10 and 5% require only 30 s, whereas 3, 2, and
% concentrations require 1, 2, and 5 min, respectively.
apid brightening within 1 min is possible for concentrations

f 3% and higher. The brightening of nuclei, as observed only

ournal of Biomedical Optics 034027-
on the exposed surface of the excision, is independent of the
size of the excision for the acetic acid-to-skin excision vol-
ume ratio of 15:1.

3.2 Confocal Mosaics: Visual Comparison to
Histology

Confocal mosaics of Mohs excisions show good visual corre-
lation to frozen histology. The observed morphology of BCCs
in terms of shape, size, and location of nests compares well to
that in the corresponding histology. The atypical morphology
of nuclei such as polymorphism �varying shapes and sizes�,
crowding �increased density�, and palisading is clearly visu-
alized in the mosaics.

Figure 3 shows a confocal mosaic of a micronodular BCC
and the corresponding histology. Both the mosaic and the his-
tology show nests of micronodular BCCs within the deeper
reticular dermis �* in Figs. 3�A� and 3�B��. The epidermal
margin of the excision along with the dermo-epidermal junc-
tion can be differentiated �arrows�. The acetowhitening
clearly shows enhanced BCC-to-dermis contrast.

Figure 4 shows a submosaic of a superficial BCC at higher
magnification of �4�. Bright nuclear detail is more clearly
visible in both the epidermis �arrows� and in the BCC within
the underlying deeper dermis �*�. The individual layers of the
epidermis, namely, stratum corneum, granular, spinous, and
basal cell layers, are seen.

Figure 5 shows a micronodular BCC in a smaller submo-
saic at higher magnification of 10�. Small nests of BCCs are
seen in the deeper dermis �*� with bright nuclei. Again, the
epidermis is seen with bright nuclei throughout �arrows�.
Within the dermis, nuclear detail in hair follicles near the
dermo-epidermal junction is differentiated �“h” in Figs. 5�A�
and 5�B�� along with individual inflammatory cells and col-
lagen throughout the papillary and reticular dermis. The thin

Fig. 2 Soaking time required at varying acetic acid concentrations.
Concentrations of 10 and 5% require only 30 s, whereas 3, 2, and 1%
concentrations require 1, 2, and 5 min, respectively. Rapid brighten-
ing within 1 min is possible for concentrations of 3% and higher. The
brightening of nuclei on the surface is independent of the size of the
excision for the acetic acid-to-skin excision volume ratio of 15:1. This
observation of rapid acetowhitening is limited to only the exposed
surface of the excision that was imaged.
collagen fibers in the superficial papillary dermis and the

May/June 2007 � Vol. 12�3�4
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ig. 3 �A� Mosaic shows 15�15 frames stitched together in software to show an equivalent 2�magnified view of the specimen. Within the dermis
he clusters of micronodular BCCs are differentiated in the deep dermis because of brightening by the acetowhitening technique �*�. The epidermis
s seen along the superficial peripheral edge �arrows�. Acetowhitening: 2% for 2 min. Scale bar 1 mm. �B� Corresponding frozen H&E stained

istology showing correlation to the confocal mosaic. Scale bar 1 mm.
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ig. 4 �A� Confocal submosaic of a superficial BCC shows 8�6 frames stitched together to show an equivalent �4� magnified view. Bright nuclei
re more clearly seen in epidermis along the peripheral edge �arrows� and the BCC �*� in the underlying deep dermis. Acetowhitening: 3% for

min. Scale bar 500 �m. �B� Corresponding frozen H&E stained histology. Scale bar 500 �m.

ournal of Biomedical Optics May/June 2007 � Vol. 12�3�034027-6



F
s
B
H

Patel et al.: Confocal reflectance mosaicing of basal cell carcinomas…

J

ig. 5 �A� Confocal submosaic of micronodular BCC shown in 4�4 frames stitched together to show an equivalent 10� magnified view. The
ubmosaic shows small nest of BCCs with bright nuclei �*�, the epidermis along the edge �arrows�, and bright nuclear detail in hair follicles �h�.
right nuclei of inflammatory cells are also seen infiltrating the dermis. Acetowhitening: 3% for 1 min. Scale bar 250 �m. �B� Corresponding frozen
&E stained histology. Scale bar 250 �m.
ournal of Biomedical Optics May/June 2007 � Vol. 12�3�034027-7
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hicker collagen bundles in the deeper reticular dermis are
een in the mosaics, similar to that seen in the corresponding
istology.

Tumor nests consisting of BCC cells mixed with inflam-
atory infiltrative cells are easily visualized in the confocal
osaics. Large nodular and small micronodular BCCs are

asily detected in the mosaics and correlated to the frozen
istology. However, infiltrative or sclerosing BCCs are diffi-
ult to detect because they consist of very small nests or thin
trands of nuclei that tend to remain hidden within the bright
ollagen in the dermis.

.3 Comparison of Cross-polarized versus Brightfield
Contrast

comparison of cross-polarized versus brightfield mosaics is

ig. 6 Comparison of �A� brightfield versus �B� cross-polarized sub-
osaics. Under cross-polarization, the brightness of the cytoplasm

nd the collagen is suppressed. Nuclei in the epidermis and the nests
f BCCs appear with enhanced contrast. Scale bar 100 �m.
hown in Figs. 6 and 7. The cross-polarized images show

ournal of Biomedical Optics 034027-
better overall contrast. Images obtained by cross-polarization
suppress the light backscatter from the cytoplasm and
dermis,4 thereby increasing the contrast of nuclear detail rela-
tive to the dermis. Nuclei in the epidermis �arrows in Figs.
6�A� and 6�B�� and in the nests of BCCs �* in Figs. 6�A�,
6�B�, 7�A�, and 7�B�� appear with enhanced contrast. Col-
lagen within the superficial papillary dermis darkens consis-
tently in cross-polarized images due to its homogeneous mor-
phology. However, collagen does not consistently darken in
the deeper reticular dermis due to the increased heterogeneity
in terms of inherently thicker, denser, and more randomized
arrangement of fibers and bundles. The enhancement of BCC-
to-dermis contrast is thus consistent within the papillary der-
mis but not within the reticular dermis. The enhancement of
contrast is better appreciated in individual images and submo-
saics at high magnification, rather than in the large mosaics at

Fig. 7 Comparison of �A� brightfield versus �B� cross-polarized sub-
mosaics. Under cross-polarization, the brightness of the collagen is
suppressed. Nuclei in the nests of BCCs appear with enhanced con-
trast. Scale bar 250 �m.
lower magnification. Cross-polarized mosaics do not neces-

May/June 2007 � Vol. 12�3�8
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arily improve the detectability of BCCs in the deeper dermis,
ompared to brightfield mosaics.

Conclusions
he acetowhitening technique �i.e., soaking skin excisions in
cetic acid� proved to be effective for brightening the nuclei,
nhancing nuclei-to-dermis contrast, and improving detect-
bility of BCCs. The acetowhitening does not affect subse-
uent frozen H&E histology of skin excisions for the pur-
oses of making a diagnosis. Rapid brightening of nuclei,
ithin 30 s, is possible with concentrations of acetic acid be-

ween 5 to 10%. The brightening of nuclei on the surface is
ndependent of the size of the excision for the large �15:1�
cetic acid-to-tissue volume ratio that was used. This obser-
ation of rapid acetowhitening is limited to only the exposed
urface of the excision that was imaged. High concentrations
f 5 to 10% may be used on skin excisions in future clinical
pplications for Mohs surgery. However, the lower concentra-
ions of 1 to 3% may be more applicable for intraoperative
maging directly on the patient during surgery.

Confocal mosaics enable observation of large areas of the
xcision, up to 15�15 mm, equivalent to a 2� view typi-
ally used by Mohs surgeons to examine frozen histology. To
reate mosaics, precise mechanical fixturing of the skin exci-
ions is necessary, similar to the mounting of excisions in a
ryostat used for preparing frozen histology sections. Cur-
ently, preparing a mosaic requires about 9 min compared to
he 20 to 45 min required for preparing Mohs frozen histol-
gy.

Nuclear morphology of BCCs is detected in confocal mo-
aics when the display resolution �pixelation� equals or ex-
eeds that of 2�-magnified histology that is commonly used
y the Mohs surgeon. The correlation between the confocal
osaics and submosaics to the corresponding frozen histol-

gy at 2 to 4� magnifications is accurate and repeatable in
erms of shape, size, location and morphology of BCCs. Large
odular, smaller micronodular, and superficial BCCs are easy
o detect. Infiltrative and sclerosing BCCs are not easily de-
ected and tend to be obscured by the surrounding bright der-

is. Cross-polarization darkens collagen in the dermis, en-
ances overall contrast and the appearance of mosaics, and
inimizes optical artifacts. This improves detectability of
CCs in the superficial papillary but not in the deeper reticu-

ar dermis.
Further research is necessary to enhance the nuclei-to-

ermis contrast and improve detectability of BCCs, especially
or the infiltrative and sclerosing types. Correlation between
osaics and histology must be improved for both positive

i.e., presence of BCCs� and negative �i.e., absence of BCCs�
ases. As with any new imaging modality, “image understand-
ng” will be the most critical factor for developing confocal

osaicing into an accurate and repeatable method for detect-
ng BCCs in skin excisions. In the long term, confocal reflec-
ance mosaicing may prove useful to either guide Mohs sur-
ery or as an adjunct to frozen histology.
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