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17.1 Epidermal Flattening

Ex vivo confocal microscopy (EVCM) allows rapid evalu-
ation of freshly excised tissue margins with high sensitivity
(73–100%) and specificity (89–100%) for residual basal cell
carcinoma (BCC) during staged-excision in Mohs surgery
[1–8]. A major limitation encountered in these studies has
been the inability to flatten peripheral edges of excised tis-
sue, affecting the evaluation of superficial BCCs (sBCC) [9,
10]. As seen in Fig. 17.1, sBCC is found along the basal
layer of the epidermis which is why complete margin visu-
alization is necessary for effective detection. A few
mechanical devices [11, 12] have been used to physically
flatten the tissue specimens, such as magnets, tissue presses,
and tissue cassettes, but these have not been sufficient.

We have developed a digital approach to epidermal flat-
tening incorporating real-time software-based reconstruction

of overlaid mosaics, each with incomplete peripheral edges,
to yield a final merged mosaic [13]. Around 8–10 mosaics,
each with partial epidermis, are spaced *5 um in depth
taking approximately 10–20 min in image acquisition. These
mosaics are then merged by applying minimum intensity
projection in MATLAB to yield a single digitally recon-
structed image conferring visualization of the entire epider-
mal margin.

As seen in Fig. 17.2, the individual frames of a tissue
negative for tumor, obtained from Mohs surgical margin,
only show partial epidermis, but through digital reconstruc-
tion, the final image in Fig. 17.3a shows the full epidermal
margin compared to its corresponding H&E-stained tissue
section in Fig. 17.3b. As a result of this digital overlay, there
is no loss of details of the dermal structures, such as eccrine
and pilosebaceous glands even at high magnification
(Fig. 17.4c–d). This approach is especially useful for the
detection of sBCC (Figs. 17.2, 17.3, 17.5 and 17.6).
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Fig. 17.1 Conventional H&E-stained tissue section of a superficial BCC. H&E image shows a sBCC (red arrow) with clefting (red asterisk) and
palisading (red arrowhead) hanging off the epidermal margin (green arrow). Magnification = 10x
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Fig. 17.2 Series of 10 individual digital H&E (DHE) mosaics at
varying depths showing partial epidermis from a Mohs negative
surgical margin. Digital H&E (DHE) individual mosaics (1.3 �

1.5 mm) spaced at 5 µm in depth show only partial epidermal margin
(dashed green arrow) in each frame with areas of full epidermis (solid
green arrow)
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Fig. 17.3 Digitally reconstructed digital H&E (DHE) image of the
above 10 individual mosaics (Fig. 17.3) compared to its corresponding
H&E image. a A reconstructed DHE image was obtained by merging a
series of mosaics (1.3 � 1.5 mm) through applying minimum intensity
projection to show full epidermal margins (green arrow). Dermal
structures such as hair follicle (blue square) and eccrine unit

(fluorescent green square) are clearly visible even at this low
magnification. b Corresponding H&E-stained tissue section (magnifi-
cation 2x) shows a good correlation with the DHE image for the
epidermis (green arrow), hair follicle (black square), and eccrine unit
(blue square)
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Fig. 17.4 Digitally reconstructed digital H&E (DHE) images of the
dermal structures at higher magnification from Fig. 17.3 compared to
its corresponding H&E image. a, b DHE high magnification images of
a hair follicle (blue arrow) and an eccrine unit (fluorescent green arrow)

within the dermal (yellow asterisk) shows cellular details. c, d Corre-
sponding H&E images of a hair follicle (blue arrow) and an eccrine unit
(fluorescent green arrow) within the dermal (yellow asterisk)
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permission from Elsevier.)
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