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Abstract. Precise identification and localization of tumor
is the key to success in Mohs micrographic surgery. In a
pilot study, we demonstrated improvement in tumor def­
inition and staining characteristics after formalin fixation
of cryostat sections (postfixation) when compared with
unfixed specimens. We further investigated the benefits
of postfixation with a series of tissue fixatives and with
varying fixation times. In all cases, postflxation was
found to be beneficial. 0 improvement was noted by
extending the postfixation time beyond 1 minute.
) Dermatol Surg Oncol 1989; 15:1262-1267.

INTRODUCTION

Basal (BCC) and squamous (SCC) cell cancers are
very common cutaneous tumors l that cause local
destruction and have low to moderate potential for
metastasis, respectively. These tumors may be
treated effectively by destructive measures or by
surgical resection. Mohs micrographic surgery is a
means by which tumors can be completely removed
with minimal loss of normal tissue. It is the treat­
ment of choice for cutaneous tumors that are large
(2::2 cm), recurrent or incompletely excised, dini-
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cally ill-defined with morpheiclsderosing character­
istics, or tumors located in certain anatomic sites­
such as the nose, ear, eyelids, or mouth, and in
embryonic fusion planes'>-· This microscopically
controlled technique for tumor excision, discussed
in depth e]sewhere,2·4.5.7.9-1l provides cure rates of
between 96% and 99%9.12-16 compared with cure
rates of 50%_90%6.12.13.17-19 obtained through
standard means. These high cure rates depend on
the surgeon's ability to define accurately the loca­
tion of the tumor in a given specimen.

Tumor identification depends on staining quality
and tissue preservation with good cellular defini­
tion and the absence of confusing artifact. While
fresh tissue sections may be of good quality, they
do not match routine histopathology sections pre­
pared by subjecting the entire specimen to over­
night 10% formalin fixation prior to paraffin embed­
ding. In an attempt to improve the quality of
cryostat sections, they were subjected to a process
that we call postfixation (PF), prior to hematoxylin
and eosin (H&E) staining. PF is the process
whereby tissue fixation is achieved by immersion in
a fixative for a brief period, immediately after cut­
ting 5-6-J.Lm cryostat sections (Table 1). In a review
of the literature, various fixation techniques have
been proposed, but few have adopted PF as a part
of their standard processing of Mohs sections S •9-1l

We have applied PF to Mohs surgery sections
and studied the results in a controlled manner in
order to establish the relative benefit of this tech­
nique. A pilot study compared the results obtained
with and without using 10% formalin PF. Because
there was improvement with PF, the study was ex­
panded to define further the optimal fixative and
immersion time.
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TABLE 1
Mohs Cryostat Section Processing with Postfixation

Fresh specimen -+ OCT __ frozen in LN2 __ section _
Warm slide (RT) _ flame & press to adhere -+

Fixative (l, 5, 10 min) -+

Deionized water (15 sec) _ hematoxylin (120 sec) _ ..­
Hot tap water (15 sec) _, -+ sal. NaHC03t (15 sec) -+

Deionized water (15 sec) - 70% ETOH" (5 sec) -+

Eosin (30 sec) -+ 95% ETOH (5 sec) -+ 100% ETOH (5 sec) -+

100% ETOH (5 sec) -+ AmeriClear (15 sec) _ AmeriClear (sit)
-+ coverslip and Permount -+ ready for viewing

Steps added or omitted by other laboratories: ·add acid alcohol for 5 sec­
onds ("1% Hel in 70% ethanol); tadd rinse in ammonia water (2% NH40H
solution); lomitted; §omittcd.

MATERIALS AND METHODS

Pilot Study

Tissue was obtained from 20 patients undergoing
Mohs micrographic surgery (fresh frozen tech­
nique) at the University of Minnesota Cutaneous
Surgery Center. The specimens were cut, color
coded, and mapped in the usual manner, covered
with optimum cutting temperature compound
(OCT), snap frozen in liquid nitrogen (LN2), and
subjected to 5-lJ.m horizontal sectioning. Sections
were placed alternately on slides so that consecu­
tive specimen comparison could be made. After air­
drying, the slides were subjected to PF by placing
the slides in a room temperature solution of 10%
formalin for 5 minutes. The control sections were
placed in room temperature 80% ethyl alcohol for 1
minute to remove OCT and facilitate dehydration.
Both sections then underwent H&E staining.

Expanded Study

Cryostat sections were obtained as above from 12
patients, and PF was performed by placing the
slides in room temperature solutions of 95% ethyl
alcohol, 10% formalin, fixative cocktail (a combi­
nation of ethyl alcohol, formalin, and glacial acetic

FIGURE IA. Normal epidermis, H&E, control section.
(x 10.)
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TABLE 2
Results of Pilot Study Comparing 80%
Ethyl Alcohol at 1 minute Versus 10%
Formalin at 5 minutes

67.5% improved with formalin
15.0% improved with ethyl alcohol
17.5% no difference

acid lO), and OmniflX (Xenetics Biomedical Inc., Tus­
tin, CAl (a new alcohol-based fixative) for 1, 5, or
10 minutes. Control sections were dipped in deion­
ized water. The specimens were then stained with
H&E (Table 1).

The sections in each study were assessed blindly
by three independent observers for staining inten­
sity and cellular preservation.

RESULTS

Pilot Study

All 20 patients' specimens were reviewed. We
found that PF of cryostat sections with formalin re­
sulted in better clarity and staining in 67.5% of spec­
imens compared with control specimens (Table 2).

Expanded Study

All 12 patients' specimens were reviewed. PF of
cryostat sections proved beneficial with all fixatives.
We observed improved cellular preservation of nor­
mal and tumor cells in 12/12 (100%) and increased
staining intensity in 8/12 (67%) of PF-treated spec­
imens, as compared with control specimens. No
additional significant improvement in cellular pres­
ervation or staining intensity occurred with immer­
sion times beyond I minute.

Some control sections exhibited considerable ar­
tifact, with vacuolization of the epidermis, poor cel­
lular definition, and poor staining in both the epi­
dermis and the dermis (Figs. 1A and B). As a rule,

FIGURE lB. Nodular basal cell carcinoma, H&E, control
section. (x 10.)
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FIGURE 2A. Normal epidermis, H&E, 10% formalin post­
fixation section. (x 10.)
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FICURE 3A. ormal epidermis, H&E, fixative cocktail
postfixation section. (x 10.)

PF-treated specimens were better preserved, exhib­
iting less vacuolization and improved cellular defi­
nition as well as better staining of normal and tu­
mor cells. Formalin fixation was characterized by a
significant increase in the staining intensity of
basaloid cells (Figs. 2A and B). Both the fixative
cocktail and Omnifix resulted in improved cellular
definition and a more delicate and precise staining
pattern than the formalin, alcohol, and control
specimens (Figs. 3A and B). All specimens dem­
onstrated artifactual clefting around BCC-tumor
nests. This appeared to be more obvious in the for­
malin-fixed specimens.

Cellular definition is best preserved by both the
fixative cocktail and Omnifix. However, basaloid
tumors stand out quite clearly when using the for­
malin because of the increased hematoxylin uptake.
We have found that to be of particular use in the
detection of morphea-form BCe. The tumor cells
can be difficult to appreciate in fixative cocktail,
while in a comparable section fixed in formalin,
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FIGURE 2B. Todular basal cell carcinoma, H&E, 10% for­
malin postfixation section. (x 10.)
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FIGURE 38. odular basal cell carcinoma, H&E, fixative
cocktail postfixation section. (x 10.)

they are much more apparent (Figs. 4A and B). Sim­
ilar improvement in tumor-staining intensity is seen
in SCC: compare a SCC fixed in ethyl alcohol, which
is quite pale, with the same SCC fixed in formalin
(Figs. SA and B).

DISCUSSION

In vivo fixation of tissue with zinc chloride paste
was the hallmark of Mohs chemosurgery2o.2I until
the fresh tissue technique was popularized by Tro­
movitch S ,22 Zinc chloride paste fixation of tumor­
laden tissue caused the patient considerable pain
and was a lengthy procedure allowing only one
layer of tissue to be removed per day. Destruction
of adjacent tissue resulted in extensive tissue loss.
This technique was less tissue sparing than the
fresh frozen technique. Furthermore, reconstruc­
tion was performed infrequently, and was always
delayed.

JDermatol Surg 0"'0115:12 December 1989
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FIGURE 4A. Sclerosing basal cell carcinoma, H&E, fixative
cocktail postfixation section. (x 10.)

FIGURE 48. Sclerosing basal cell carcinoma, H&E, 10%
formalin postfixation section. (x 10.)

FIGURE SA. Squamous cell carcinoma, H&E, 95% ethyl
alcohol postfixation section. (x 10.)

FIGURE SB, Squamous cell carcinoma, H&E, 10% for­
malin postfixation section. (x 10,)

The fresh frozen technique has all the advantages
and few of the disadvantages of the zinc chloride
"chemosurgical" technique, that is, an extremely
high cure rate with less pain, swelling, and discom­
fort. This I-day procedure includes total tumor re­
moval and immediate reconstruction where appro­
priate. 5, 11, 14, 16,23

Since the 1900s, pathological interpretation of
frozen sections has been used for diagnostic pur­
poses. 24 Some pathologists have fixed specimens
prior to cryostat sectioning by boiling them in the
fixative,25 others used no fixative,26,27 and yet others
have fixed sections after mounting them on
slides. 28,2. When Tromovitch22 described the fresh
tissue modification of Mohs chemosurgical tech­
nique, he no longer used the zinc chloride fixation,
but instead he "briefly fixed (the tissue) in formal­
dehyde solution" prior to cryostat sectioning.
When Mohs· used the fresh frozen technique, he
omitted formaldehyde fixation and instead used
95% ethyl alcohol for 15 seconds for dehydration of

J DermatoJ Surg 01lco115:12 December 1989

the cryostat sections. Cottel et aL II fixed specimens
in "absolute alcohol instead of formalin to decrease
the risk of (the tissue) floating off the slide" after
cryostat sectioning, while Picoto and Picoto lO used
a frozen section fixative after cryostat sections were
obtained.

A recent survey of Mohs surgical units nation­
wide and surgical pathology laboratories in Min­
neapolis/St. Paul revealed a great variability in
processing techniques. Mohs units responding to
our inquiries were either not using a fixation step,
or using 80% ethyl alcohol for 5-15 seconds to re­
move OCT and dehydrate the specimen. Some were
using various concentrations of formalin, ethyl al­
cohol, or combinations of these and other fixatives.
Fixation times also varied, ranging from 5 seconds
to 1 minute. The four general pathology laborato­
ries of the main teaching hospitals in Minneapolis/
St. Paul each use different fixative solutions and
fixation times.

[n our study, we found that 95% ethyl alcohol-
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TABLE 3
Results of Expanded Study

1. Postfixation is beneficial
(a) 100% of PF sections had better cellular preservation
(b) 67% of PF sections had improved stain intensity

2. One minute is sufficient for fixation

Cellular Stain
3. Fixative Preservation Intensity

95% ethyl alcohol + +
10% formalin ++ ++++
Fixative cocktail +++ ++
Omnifix +++ +++

fixed tissue resulted in minimal improvement in cel­
lular preservation and staining intensity; overall it
was the poorest of the fixatives. Formalin provided
modest improvement in cellular definition and re­
sulted in the greatest increase in hematoxylin up­
take of any of the fixatives. Fixative cocktail dem­
onstrated a significant improvement in cellular
definition and a modest improvement in staining
intensity. Omnifix also exhibited a significant im­
provement in cellular preservation similar to the fix­
ative cocktail. The staining intensity with Omnifix
was slightly better than fixative cocktail but not as
intense as formalin (Table 3). Omnif!x may be a pre­
ferred fixative choice for persons allergic to formal­
dehyde.

Formalin, for example, fixes tissue at the rate of
1 mm/hr, requiring several hours of fixation of un­
cut fresh tissue. However, since cryostat sections
are generally 4-6-f.'m thick, the fixation time is the­
oretically reduced to seconds. This same phenom­
enon is probably true for all fixatives and is con­
sistent with our observation that fixation beyond 1
minute did not improve the quality of sections.

Parameters not entertained in our study but
could be considered include manipulation of the pH
of the fixative(s), the temperature of the fixa­
tive(s),25,30 and the study of other fixatives-such as
glutaraldehyde, methanol, mercuric alcohol, ace­
tone,24 or Bouin's fixative. 31 Assessment of other
concentrations or combinations of fixatives, such as
increasing the percentage of formalin in the fixative
cocktail similar to that used by Hazard et al.,25 may
further improve staining and cellular preservation.
One might also evaluate the H&E staining tech­
nique, which varies considerably from laboratory to
laboratory. Some use acid alcohol and/or ammonia
immersion steps; these are not currently used by
ourselves (Table 1).

The success of Mohs surgery is dependent on the
surgeon's ability to identify tumor. Postfixation of
cryostat sections can result in many of the qualities
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of permanent sections while enjoying the speed of
frozen sections, The choice of fixative may be de­
termined by the tumor type or personal preference
of the surgeon and the laboratory personnel. For­
malin fixation results in the best staining intensity,
and Omnifix results in both good stain intensity and
cellular preservation. This study shows that post­
fixation of cryostat sections can significantly im­
prove both the cytologic preservation and the stain­
ing intensity of Mohs specimens with minimal
added time or expense.
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