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INTRODUCTION

Tissue obtained after the operation is usually assessed by his-
topathologists on the following day after adequate formalin 
fixation of the specimen. However, during certain circum-
stances, the surgeons require the urgent pathologic informa-
tion while the patient is still on the operative table, to take an 
intra-operative or peri-operative decision on the treatment. 
Hence, they request an intra-operative consultation on a 
tissue that arouses doubt. FS analysis as an intra-operative 
consultation is a powerful tool that can help guide surgical 

decision making by providing quick diagnosis, tissue recog-
nition and extent of resection necessary. Thus it helps in the 
making of therapeutic decisions, thereby sparing the patient 
from possible re-operation and reducing the length and cost 
of hospitalization.1,2 

Further, the decision to perform a radical surgery of lymph 
nodes is entirely dependent on the frozen section. Frozen 
section help in rapid diagnosis of the lesion and intra-opera-
tive histological evaluation of tumour resection borders. This 
is done without prolonging the surgery and thus acts as a 
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ABSTRACT
Introduction: Frozen section (FS) is an intraoperative diagnostic tool which provides the operating surgeon with a rapid diag-
nosis, helping him to make a timely decision which may have a significant impact on patient management & prognosis. Hence 
the efficiency of this technique has to be periodically reviewed to ensure that the quality of the sections and agreement between 
frozen section diagnosis and final diagnosis remain at an acceptable level. 
Objective: To assess accuracy, sensitivity & specificity of Intra-operative frozen section in the diagnosis of a lesion & in deter-
mining the adequacy of surgical resection margins in gastrointestinal surgeries. 
Methods: Total 220 cases and 521 intra-operative FS specimen during gastro-intestinal surgeries were analysed. The samples 
were sent for intraoperative diagnosis and margin assessment. The initial FS report was then correlated with the final histopa-
thology report and the concordance rate & reasons for discrepancies were analysed. 
Results: After the correlation of all the specimen with final histopathology, the diagnosis was conclusive in 99.2 % (215 cases) & 
deferred in  0.8 %(5 cases). The cases with conclusive diagnoses showed a concordance rate of 91.1% for all cases and 95.9% 
for all specimens (excluding deferrals). Sensitivity and specificity of FS diagnosis as compared to histopathology was found to 
be 89.3% and 98.4% respectively. 
Conclusion: The accuracy, sensitivity, specificity of frozen section diagnosis in this study are comparable with most international 
quality control statistics for frozen sections. Keeping the limitations and pitfalls in mind, FS technique is very reliable in good 
hands.
Key Words: Frozen section, Intra-operative consultation, Concordance, Histopathology
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guide to the surgeon in making a therapeutic decision, while 
the patient is still on the operating table.3-5 

In cases where tumour-free margins have been achieved at 
the time of surgery, lower local tumour recurrence rates and 
improved survival have been reported.

6-10 Intra-operative fro-
zen section analysis of margins is widely employed to assist 
in complete tumour extirpation. Frozen section diagnosis of 
surgically resected tumours and tissues has become a regular 
practice over the past 60 years.11-13  Hence it is very essential 
to evaluate the quality & accuracy of FS reporting.

MATERIALS AND METHODS

The current study was carried out in the department of cytolo-
gy & histopathology of IMS & SUM Hospital, Bhubaneswar 
over 3 years from  2014 to 2017. A prospective analysis of 
all the intraoperative frozen sections performed during gas-
trointestinal surgeries was done & a total of 220 cases very 
studied which yielded 521 specimens.  Tissue was sent from 
the operation theatre in normal saline to the central cytology 
laboratory, where the sample-receiving time & gross find-
ings were noted, and sections were taken. Blocks were cut 
on LEICA CM1860 cryostat. The slides were stained with 
haematoxylin and eosin (H & E) stain and studied. In cases 
of positive margins, results were informed to surgeon over 
the phone and revised margins were sent which were subse-
quently studied & yielded final FS report. The final results 
were informed to the operation theatre over the phone. Fro-
zen tissue as well as any remaining non-frozen tissue were 
then fixed in 10% formalin solution & sent to histopathology 
lab to make paraffin embed sections & H&E stained slides. 

The FS report given at the time of surgery was compared 
to the final histopathology report of the permanent sections 
& the accuracy rate, sensitivity and specificity of the frozen 
section reporting were determined in comparison to the rou-
tine histopathology reporting. Any discrepancy was noted 
and all cases which were discordant as regards the benign 
versus malignant, and negative versus positive margins were 
reviewed. The review process included the re-examination 
of all slides with the categorization of the reasons for dis-
cordance in three categories, i.e., Interpretative errors, sam-
pling errors & technical errors. Patients of both sex, of age 
group 5-85 years undergoing gastro-intestinal surgery with 
informed consent were included in the study. Other sampling 
techniques like endoscopic biopsy, fine needle aspiration, 
brushings, lavage, peritoneal, pancreatic or bile fluid analy-
sis were excluded.

The study design was approved by the Research Ethics 
Committee of IMS & SUM Hospital, Bhubaneswar. Any 
discrepancy was noted and all cases which were discordant 
as regards the benign versus malignant, and negative versus 
positive margins were reviewed. 

RESULTS

Age distribution of cases showed that the maximum num-
ber of cases operated was around 60 years of age (mode = 
60 years). Clustering of cases was seen from 35 years of 
age to 70 years of age. Age of the youngest patient was 11 
years old female, with clinical diagnosis Mucoepidermoid 
Carcinoma, whose 3rd  Dimensional margin was submitted 
for intraoperative frozen section, which was confirmed to be 
free of tumour. Age of the eldest patient was 84 years male, 
with a clinical diagnosis of  Carcinoma left buccal mucosa, 
whose intraoperative frozen section biopsy was submitted 
to establish primary malignancy, & was subsequently diag-
nosed to have Pseudoepitheliomatous hyperplasia. FS was 
done mostly in male patients (70%). A maximum number 
of Gastrointestinal cases sent for Intraoperative frozen sec-
tion consultation were sent with a clinical diagnosis of the 
malignant lesion (97.27 %). In the indication –wise distribu-
tion of the  220 cases, 111 cases (111 specimens) were sent 
to establish/ confirm a pathology/ primary malignancy, 90 
cases (372 specimens) to determine the adequacy of resec-
tion margins & 19 cases (38 specimens) to establish/confirm 
metastatic malignancy. Hence, most of the cases were sent 
with the indication to establish/confirm a pathology/primary 
malignancy (50%).

There were total 71 cases diagnosed as malignant on final 
paraffin embed sections (including diagnoses of suspicious 
of malignancy) which comprised of 66.98 % of the final 
diagnoses of the cases sent with an indication to establish/ 
confirm primary pathology/malignancy. Squamous cell car-
cinoma (oral cavity) was the most commonly diagnosed ma-
lignant lesion (33 cases, 31.1%). Most of the specimen for 
Intraoperative FS were submitted for surgeries of the Oral 
cavity (51.14 %) followed by Stomach (17.80 %), large 
intestine(6.78%), gall bladder(5.23%) & periampullary re-
gion(3.87%)  (Figure.1). 

Overall % Concordance/ Accuracy of FS in Gastrointestinal 
surgeries was 95.9 %. The sensitivity and specificity of FS 
were found to be 89.3% (95% CI: 82.9, 93.9) and 98.4% 
(95% CI: 96.6, 99.4) respectively. Receiver operating curve 
(ROC) area was found to be 0.94 (95% CI: 0.67, 0.75) thus 
justifying that FS can be used as a diagnostic test against the 
gold standard for intra-operative samples collected during 
surgeries of the Gastro-intestinal tract. The positive predic-
tive value and negative predictive value for FS in detecting 
any pathologies were found to be 95.4% (95% CI: 90.3, 98.3) 
and 96.1% (93.7, 97.8) respectively. The positive likelihood 
ratio  (LR) of FS was found to be very strong and it was 56 
(95% CI: 25.2, 124). The test has very strong likelihood ra-
tio  (>10) which means that sections which are positive with 
Histopathology are 81 times more likely to have positive re-
sult also with FS as compared to the sections with negative 
Histopathology results. The negative likelihood ratio of FS 
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was found to be 0.109 (95% CI: 0.07, 0.18). The test result 
was strong (near to 0.1) which means that specimen found to 
be negative with Histopathology are 0.1 times likely to have 
a negative result also with FS as compared to the positive 
results with Histopathology. (Table. no. 1)

In the 106 cases submitted with an indication to Establish/
confirm Primary pathology/malignancy (excluding deferred 
cases), the FS diagnoses showed high concordance (84.9 
%) with the final Permanent section diagnoses. Figure No. 
2, 3, 4 show images of FS & subsequent histopathology of 
the specimen with concordant diagnoses. In the 372 margins 
submitted for evaluation, the overall accuracy of FS was  
99.7 % with a sensitivity of 95.24 % & specificity of 100 %. 
The overall accuracy of FS in establishing/ confirming meta-
static malignancy was 93.3 % with a sensitivity of 100 % 
& specificity of 80 %. Figure No.5 shows a colonic serosal 
nodule diagnosed as metastatic adenocarcinomatous depos-
its on FS, which was confirmed on histopathology.23-25

There were 21 discordant diagnoses (19 cases) which com-
prised of  4.1% of all the conclusive frozen section diagno-
ses. Of these 19 discordant diagnoses, false-positive were 13 
& false negative were 6. Of all discordant diagnoses, 10 were 
due to misinterpretation (52.63 %) & 9 were due to sampling 
error (47.37 %).

DISCUSSION

Majority of the cases where FS specimen were sent was for 
confirmation of diagnosis (around 50%), followed by margin 
assessment and lymph node metastasis (rest 50%) which is in 
line with other studies.11-14 Since the majority of the resection 
cases were neoplastic, there was the need to ensure that en-
tire pathology has been removed. Complete awareness of the 
indications for FS should be there in the operating surgeon 
as well as pathologists to ensure that appropriate requests 
are attended to. Only then errors can be reduced.15,16,17 Oral 
cancer was among the most common form of GI cancers en-
countered, which is in line with epidemiology. (figure. 1)

Our study showed a concordance rate of 91.1% for all cases 
and 95.9% for all specimens (excluding deferrals). This was 
found to be in line with other studies. (Table 2) The concord-
ance rate has always been more than 90%, with a usual range 
of 94% to 97%. Mishra S et al conducted the study compar-
ing the accuracy of FS with Histopathology and found a con-
cordance rate of 96.2%. 18,19 Studies conducted by Chbani et 
al., had an accuracy rate of 95%, while that of Geramizadeh 
B et al. had an accuracy of 96.7%. 15, 20 If the accuracy of GIT 
specimens is considered, it varied depending on the number 
of samples. Geramizadeh B ‘et al’ had an accuracy of only 
75% for GIT specimens, as there were only 4 samples (Table 
2).20,21 

Sensitivity and specificity of FS diagnoses as compared to 
Histopathology was found to be 89.3% and 98.4% respec-
tively. Thus, FS specimens were found to be highly specific 
and can limit the number of false negatives to a minimum. 
The study conducted by Patil P et al., had higher sensitivity 
of 97% as compared to our study while the specificity is al-
most the same (98.4%). 12 However, the study does not men-
tion 95% CI levels, which could have probably overlapped 
with that of ours (95% CI for sensitivity for our study: 82.9, 
93.9). 

In our study, the overall accuracy of FS in margin assessment 
was very high of  99.7 % with a sensitivity of 95.24 % & 
specificity of 100 % which was comparable to the findings 
of  DiNardo ‘et al’, who analysed FS margins in head and 
neck cancer surgeries & reported an accuracy, sensitivity & 
specificity of  98.3 %, 88.8% & 98.9% respectively.22,26

CONCLUSION

• The accuracy, sensitivity and specificity of FS diag-
nosis as compared to Histopathology was found to be 
95.9%, 89.3% and 98.4% respectively which are com-
parable with most international quality control statis-
tics for frozen section

• Receiver operating curve (ROC) area was found to be 
0.94 (95% CI: 0.67, 0.75) thus justifying that FS can 
be used as a diagnostic test against histopathology for 
intra-operative samples collected during surgeries of 
the Gastro-intestinal tract.

• As compared to other studies, our study could even 
throw light on likelihood ratios, predicting chances of 
a slide being positive or negative in FS depending on 
the results of Histopathology. LR+ and LR- overall 
was found to be 56 and 0.109, strongly indicating that 
FS can be a better diagnostic test as compared to His-
topathology if other steps are taken to reduce discord-
ance (through error reduction).

• Keeping the limitations and pitfalls of FS in mind, it 
should be noted that the FS technique is very reliable 
in good hands. 
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Table 1: Overall Accuracy of FS diagnosis in surgeries of GIT

Table 2: Different studies showing the accuracy of Frozen Section as compared to Histopathology
Site of lesion No. of specimen Accuracy/  

Concordance rate
Sensitivity Specificity Reference, Remarks

overall 1042 95.4% 21

Overall 83 91.5% 85.7% 97.9% 11

Overall 24,880 97.8% 24

Overall 215 97.5% 97.9% 97.1% 23

Head and neck 420 98.3% 88.8% 98.9% 22, Margins 

Overall 52 96.2% 19

GI cases 15 93.3%

Overall 176 98.3% 98.85% 25

GI cases 3 100%

Overall 100 96.9% 97.2% 96.3% 12

Oral cavity 23 100%

GIT 5 100%

Overall 433 93.3% 26

GIT 12 100%

Overall 759 96.7% 20

GIT 4 75%

GIT 800 96.6% 13

Overall 2811 96.9% 16

GIT 521 95.9 % 89.3% 98.4%
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Figure 1: This bar diagram shows that most of the specimen 
for Intraoperative FS were submitted for surgeries of the Oral 
cavity (51.14 %) followed by Stomach (17.80 %).

Figure 2: Adenocarcinoma, Stomach (signet ring cell type) A. 
FS from ulcerated growth in gastric fundus reported as Ad-
enocarcinoma, Stomach. (H&E, x100). B. Permanent sections 
also showing  features of Adenocarcinoma Stomach (Signet 
ring cell type) (H&E, x400). C. PAS +ve signet ring cells. (PAS, 
x400).

Figure 3: Adenocarcinoma Gall bladder. A. FS from Gall blad-
der showing features of Adenocarcinoma, Gall Bladder. (H&E, 
x100). B. Deeper sections from the corresponding permanent 
section showing Infiltrating Adenocarcinoma, Gall Bladder. 
(H&E, x100).

Figure 4: Tubular Adenoma, colon. A. FS from a case of Re-
current Carcinoma Colon with multiple polyp. showing fea-
tures of Tubular Adenoma with High grade Dysplasia. (H&E, 
x100) B. Subsequent permanent sections from the same case  
showing features of Tubular Adenoma with High grade Dyspla-
sia. (H&E, x100).

Figure 5: Metastatic serosal nodule. A. FS from colonic sero-
sal nodule showing features of Metastatic Adenocarcinoma-
tous deposits. (H&E, x100). B. Permanent section of the same 
showing features of Metastatic Adenocarcinomatous deposits. 
(H&E, x100).


