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Abstract

Purpose To study the concordance between intra-

operative rapid frozen section and permanent section

diagnoses of surgical margins following wide surgical

excisional biopsy of malignant eyelid tumors.

Methods This is a retrospective study of 120 cases

and 429 frozen section slides.

Results Of 120 cases, 75 (63%) had sebaceous gland

carcinoma, 34 (28%) had basal cell carcinoma, and 11

(9%) had squamous cell carcinoma. All cases with

these malignant eyelid tumors underwent wide surgi-

cal excisional biopsy under frozen section control of

surgical margins. A total of 429 frozen section slides

were reviewed for rapid frozen section diagnosis.

Eyelid reconstruction was performed in all cases after

clearance was obtained by rapid frozen section

diagnosis of surgical margins as negative for tumor

infiltration. Permanent section diagnosis of surgical

margins was positive for tumor infiltration in 5 (1%)

slides, which were reported as negative on rapid frozen

section diagnosis of surgical margins, and was

negative for tumor infiltration in 3 (\ 1%), which

were reported as positive on initial rapid frozen section

diagnosis of surgical margins. The sensitivity, speci-

ficity, and accuracy of intra-operative rapid frozen

section diagnosis of surgical margins for malignant

eyelid tumors were 89%, 99%, and 98%, respectively.

Conclusion The concordance between the intra-

operative rapid frozen section and permanent section

diagnoses of surgical margins following wide surgical

excisional biopsy of malignant eyelid tumors is

excellent at 98%.
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Introduction

Rapid diagnosis by intra-operative Mohs micro-

graphic surgery or frozen section control of surgical

margins is valuable in ensuring the complete resection

of tumor and maximizing the conservation of normal

tissues [1–5]. In ophthalmic pathology, frozen section

diagnosis is useful for margin control in eyelid and

orbital tumors [6]. Errors in frozen section diagnosis

can occur due to misrepresentation of the margins or

tissue sampling error, or due to technical issues such as

crush artifacts, uneven staining, or folds in the tissue
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section resulting in false positive or false negative

frozen section diagnosis [7, 8]. The accuracy of frozen

section diagnosis plays an important role in the patient

management. The rate of concordance between con-

ventional rapid intra-operative frozen section and

permanent section diagnoses for malignant eyelid

tumors has not yet been studied. In this report, we

study the accuracy of intra-operative frozen section

diagnosis and study the degree of concordance

between frozen section and permanent section diag-

noses for malignant eyelid tumors.

Methods

This is a retrospective review of clinical records and

histopathological slides of all patients who underwent

wide excisional biopsy of malignant eyelid tumors

under intra-operative frozen section control of surgical

margins. Institutional review board approval was

obtained for the study. The study period was between

the years 2012 and 2017. All cases that underwent

wide excisional biopsy of malignant eyelid tumors

under frozen section control of surgical margins and

with known frozen section and permanent section

diagnoses were included in this study. Only the three

common eyelid malignancies (sebaceous gland carci-

noma, basal cell carcinoma, and squamous cell

carcinoma) were included in this study. Those who

underwent wide excisional biopsy due to suspicion of

malignant eyelid tumor but with a final histopathology

diagnosis of a benign eyelid tumor or uncommon

malignant eyelid tumor were excluded from the study.

The following details were included from the

clinical records: age, gender, history of previous

surgical intervention of eyelid tumor, tumor location,

tumor size, and clinical diagnosis. All cases underwent

wide excisional biopsy of the tumor with 4-mm clear

margins from the clinical extent of the malignant

eyelid tumor. The true surgical margins in the excised

specimen were inked with a permanent marker pen

and 1-mm full-thickness tissue was obtained from

each surgical margin by the operating surgeon in the

operating room, and the labeled surgical margins were

sent for rapid frozen section diagnosis for margin

clearance by conventional frozen section technique or

the entire excised specimen was sent to the pathology

laboratory.When the entire excised specimen was sent

to the pathology laboratory, the true surgical margins

were inked with Indian ink all around and the

pathologist obtained 1-mm full-thickness tissue from

each surgical margin. The 1-mm surgical margin was

then placed flat with the inked true surgical margin

facing-up, and 5 microns sections are cut serially. The

sections are cut parallel to the true surgical margin,

thus ensuring that the section includes full thickness of

the surgical margin. These sections were then studied

under the microscope for the presence of tumor cells.

If the margins were tumor-free, the eyelid defect was

reconstructed appropriately. Those cases with suspi-

cion of tumor infiltration of surgical margins on initial

intra-operative rapid frozen section diagnosis under-

went repeat excision of margins and repeat intra-

operative rapid frozen section analysis until clearance

was obtained. The details from surgical notes

included: dimensions of margins excised beyond the

clinical extent of tumor, number of surgical margins

sent for frozen section clearance, and number of repeat

excision of margins required to obtain clearance by

rapid frozen section diagnosis. The information

recorded from histopathology reports included: final

diagnosis of the tumor and surgical margins. The rate

of concordance between rapid frozen section and

permanent section diagnoses for the surgical margins

was recorded. The details of tumor recurrence during

the follow-up period were recorded.

Results

Of 124 patients who underwent wide excisional biopsy

of malignant eyelid tumor under frozen section control

of margins during the study period, 120 (97%) were

included in this study. Four cases including eyelid

malignant melanoma (n = 3) and eyelid adenoid

cystic carcinoma (n = 1) were excluded from this

study owing to small number of patients. Of the 120

cases included in this study, the diagnosis included

sebaceous gland carcinoma (n = 75, 63%), basal cell

carcinoma (n = 34, 28%), and squamous cell carci-

noma (n = 11, 9%).

Overall, the mean age at presentation was 58 years

(median, 58 years; range, 21–92 years). There were

39 (33%) males and 81 (67%) females with malignant

eyelid tumor. History of prior surgical intervention

was present in 40 (33%) patients, and the surgical

procedures included fine-needle aspiration biopsy

(n = 1), incisional biopsy (n = 9), and excisional
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biopsy (n = 30). The tumor epicenter was located in

the upper eyelid (n = 65, 54%), lower eyelid (n = 52,

43%), or medial canthus (n = 3, 3%). The mean tumor

diameter was 12 mm (median, 10 mm; range,

2–30 mm). All cases underwent wide excisional

biopsy of the tumor with 4-mm clear margins from

the clinical extent of the malignant eyelid tumor, and

the surgical margins were analyzed by frozen section

for rapid diagnosis. A total of 429 frozen section slides

were reviewed for rapid frozen section diagnosis.

Suspicion of tumor infiltration of the surgical margin

was noted in 42 (9%) surgical margins. These 42

margins were re-excised including at least 2 mm from

the previous surgical margin, and the margins were

sent for re-analysis by frozen section. None of the

cases required more than 1 revision of the surgical

margin to obtain clearance from frozen section for

negative tumor infiltration of the margin. Rapid

diagnosis of the surgical margin was obtained within

1 h of surgical excision. Appropriate eyelid recon-

struction was performed in all cases the same day,

after the margin clearance. Permanent section diag-

nosis of the tumor and the surgical margins was

available within 10 days in all cases. Five surgical

margins (1%) of 4 cases including basal cell carci-

noma (n = 2 cases; 3 margins) and sebaceous gland

carcinoma (n = 2) reported to be free of tumor by

rapid frozen section diagnosis were noted to have

tumor infiltration by permanent section diagnosis; and

three (\ 1%) surgical margins of 3 cases including

sebaceous gland carcinoma (n = 2) and basal cell

carcinoma (n = 1), reported to have tumor infiltration

of the surgical margin by rapid frozen section diag-

nosis, were noted to be free of tumor on permanent

section diagnosis. All 5 margins of the 4 cases with

tumor infiltration by permanent section diagnosis

underwent double freeze-thaw cryotherapy of the

margins. None of them underwent repeat excision of

surgical margins. Comparing the rapid frozen section

and permanent section diagnoses, the sensitivity,

specificity, and accuracy of intra-operative rapid

frozen section diagnosis of surgical margins for

malignant eyelid tumors were 89% (95% CI

75.44–96.21%), 99% (95% CI 97.74–99.84%), and

98% (95% CI 96.36–99.19%), respectively. The

positive predictive value and negative predictive value

were 93% (95% CI 80.73–97.58%) and 99% (95% CI

97.10–99.43%). The details of individual tumors are

listed in Table 1.

During the mean follow-up period of 7 months

(median, 4 months; range,\ 1 to 54 months), 2 (2%)

patients with sebaceous gland carcinoma (n = 1) and

basal cell carcinoma (n = 1) developed tumor recur-

rence and both recurrences occurred at the junction of

the residual and reconstructed eyelid. Of these, the

patient with basal cell carcinoma had tumor infiltration

of medial and superior margins based on permanent

section diagnosis. Tumor recurrence was noted

24 months postsurgical excision, in spite of double

freeze-thaw cryotherapy to the surgical margins based

on the permanent section diagnosis of margin involve-

ment by the tumor (Fig. 1). The patient with sebaceous

gland carcinoma had no tumor infiltration based on

rapid frozen section or permanent section diagnosis of

surgical margins. Fifteen site map biopsy performed at

the time of primary excisional biopsy of the tumor was

also negative. In this patient, tumor recurrence was

noted 36 months after surgical excision (Fig. 2).

Discussion

Eyelid tumor excision under intra-operative frozen

section for surgical margin control is critical to

maximize the normal residual tissue and minimize

the tumor residue. However, the sensitivity and

specificity of conventional frozen section are not

100%. In a study of 24,880 cases (97,914 frozen

section slides) of general surgical pathology including

various lesions, the accuracy of frozen section diag-

nosis was 98% [7]. According to published literature,

the median rate of discordance between frozen section

and permanent section diagnoses is 2.9% (range,

1.4–12.9%), with 75% of studies showing a discor-

dance rate of less than 5% [8]. In our study of 120

malignant eyelid tumors with 429 frozen section

slides, the accuracy of frozen section diagnosis was

98% with false positive rate of \ 1% and false

negative rate of 1%. False negative results on frozen

section were noted in basal cell carcinoma (n = 2) and

sebaceous gland carcinoma (n = 2). False positive

result on frozen section was noted in sebaceous gland

carcinoma (n = 2) and basal cell carcinoma (n = 1).

Malignant eyelid lesions excised without intra-

operative Mohs micrographic surgery or conventional

frozen section control have 5–64% chances of positive

margins on permanent sections, and the rate of tumor

recurrence in these cases is reported at 4–23% [9–12].
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Adequate margin control by intra-operative Mohs

micrographic surgery or conventional frozen section

aids in minimizing the tumor recurrence. Various

other studies have shown that the rate of tumor

recurrence of periocular malignancies is 0–7%, when

the surgery is performed under Mohs micrographic

surgery control [13–18].

The rates of tumor recurrence of eyelid malignan-

cies following Mohs micrographic surgery and con-

ventional frozen section are comparable. In a study of

90 patients with periocular basal cell carcinoma who

underwent excisional biopsy under conventional

frozen section control, the tumor recurrence rate was

2.2% at 5-year follow-up [11]. Various other studies

have shown that the rate of recurrence of periocular

basal cell carcinoma is 0–2.2%, when the surgery is

performed under conventional frozen section control

[9, 19–21]. In our study including 34 cases of basal cell

carcinoma, recurrence was noted in one case (3%)

with false negative margins on frozen section and

positive margins on permanent section.

Table 1 Details of eyelid malignant tumors

Feature Sebaceous gland

carcinoma

Basal cell

carcinoma

Squamous cell

carcinoma

n = 75 n = 34 n = 11

Age at presentation (years)

Mean (median, range)

58 (60, 21–92) 58 (57, 29–86) 54 (52, 28–80)

Gender

Male 26 (35) 6 (18) 7 (64)

Female 49 (65) 28 (82) 4 (36)

History of prior intervention 30 (40) 6 (18) 4 (36)

Incisional biopsy 7 (9) 2 (6) 0 (0)

Excisional biopsy 22 (29) 4 (12) 4 (36)

FNAC 1 (1) 0 (0) 0 (0)

Tumor epicenter

Upper eyelid 53 (71) 6 (18) 6 (55)

Lower eyelid 21 (28) 26 (76) 5 (45)

Medial canthus 1 (1) 2 (6) 0 (0)

Maximum tumor basal diameter (mm) 11 (10, 2–30) 13 (13, 3–30) 18 (15, 5–30)

Number of margins submitted for frozen section

analysis

269 117 43

Correlation between permanent section diagnosis and frozen section diagnosis of surgical margins (n = 429)

True negative 241 (90) 101 (86) 43 (100)

False negative 2 (\ 1) 3 (3) 0 (0)

True positive 24 (9) 12 (10) 0 (0)

False positive 2 (\ 1) 1 (\ 1) 0 (0)

Sensitivity in % (95% CI) 92 (74.87–99.05) 80 (51.91–95.67) –

Specificity in % (95% CI) 99 (97.06–99.90) 99 (94.66–99.98) 100 (91.78–100)

Accuracy in % (95% CI) 99 (96.24–99.59) 97 (91.48–99.06) 100 (91.78–100)

Positive predictive value in % (95% CI) 92 (75.03–97.96) 92 (62.67 to 98.85) –

Negative predictive value in % (95% CI) 99 (96.95–99.78) 97 (92.44–98.93) 100

Tumor recurrence 1 (1) 1 (3) 0 (0)

Follow-up duration (months)

Mean (median, range) 7 (4,\ 1 to 50) 7 (4,\ 1 to 54) 4 (4, 2 to 7)

FNAC = fine-needle aspiration biopsy; CI = confidence interval
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The recurrence rate of sebaceous gland carcinoma

is high at 32% when the excisional biopsy is done

without intra-operative margin clearance [22, 23]. The

use of intra-operative diagnosis byMohs micrographic

surgery or conventional frozen section control for

eyelid sebaceous gland carcinoma can be challenging

due to inaccuracy of detecting intra-epithelial pagetoid

spread on frozen sections. However, the recurrence

rates are low compared to when done without intra-

operative margin clearance. The recurrence rate of

sebaceous gland carcinoma treated by Mohs micro-

graphic surgery is reported at 0–12% [24, 25]. The

recurrence rate of sebaceous gland carcinoma treated

by conventional frozen section margin control is

reported at 22% [26]. In our study including 75

sebaceous gland carcinomas, the recurrence rate was

1%. However, the follow-up duration in this subset

was relatively short. One patient had tumor recurrence

in spite of margin clearance by frozen and permanent

sections. In this case, map biopsy also did not reveal

any skip lesions nor the patient had any clinical

evidence of residual lesion or pagetoid conjunctival

involvement.

The recurrence rate of squamous cell carcinoma

following tumor excision under frozen section control

is 0.9–6% [27–29]. In our study including 11 cases of

squamous cell carcinoma, recurrence was not seen in

any case during the follow-up period. However, the

follow-up duration in this subset was relatively short.

The drawbacks of the study include retrospective

nature of the study and the short follow-up duration.

The recurrence rates of eyelid tumors are relatively

low in our study, which could be related to short

follow-up duration. Longer follow-up duration is

recommended to assess the recurrence rates accurately

for these malignant eyelid tumors. The rare possibility

of false negative interpretation of frozen section and

Fig. 1 Tumor recurrence in

a patient with basal cell

carcinoma. a A 75-year-old

female presented with basal

cell carcinoma in the right

medial canthal area. Wide

excision biopsy was

performed under frozen

section control. After

obtaining margin clearance

by frozen section diagnosis,

eyelid reconstruction by

glabellar flap was

completed. b The patient

was doing well at 3-month

follow-up. c The permanent

section diagnosis revealed

residual tumor at nasal

(hematoxylin & eosin

stain, 9 10 magnification)

and d superior margins

(hematoxylin & eosin

stain, 9 10 magnification).

e The patient developed
tumor recurrence at the

junction of residual and

reconstructed eyelid 2 years

post-surgery, and f the
patient did well after

treatment of tumor

recurrence with intensity-

modulated radiotherapy
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permanent section diagnoses in these cases cannot be

ruled out.

In conclusion, there is excellent concordance

between the intra-operative rapid frozen section and

permanent section diagnoses of surgical margins

following wide surgical excisional biopsy of malig-

nant eyelid tumors with an accuracy of 98%. The rate

of tumor recurrence in our series was low at 2%.

Meticulous surgery and careful interpretation of

frozen sections of the surgical margins of the malig-

nant eyelid tumors by an experienced surgical pathol-

ogist play an important role in influencing the overall

outcome of the surgery.
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Fig. 2 Tumor recurrence in a patient with sebaceous gland

carcinoma. a A 56-year-old female with sebaceous gland

carcinoma of the lateral one-third of the right upper eyelid. Wide

excision biopsy was performed under frozen section control.

b Frozen section diagnosis and permanent section of the medial

surgical margin (hematoxylin & eosin stain, 9 4 magnification)

did not show any residual tumor. Fifteen site map biopsy from

the residual conjunctiva was also negative for tumor. c Two

months post-surgery, there was lymphedema in the recon-

structed eyelid with no evidence of tumor recurrence. d The

patient developed tumor recurrence at the junction of medial

residual and lateral reconstructed eyelid 3 years post-surgery.

e The recurrent tumor was confirmed on histopathology

(hematoxylin & eosin stain, 9 10 magnification), and f the

patient did well after excisional biopsy of recurrent tumor under

frozen section control
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