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Abstract 

Background: The diagnostic accuracy of frozen section is an important source of information and a high risk procedure in surgical pathology. 

This is an important tool, not only in the management of surgical patients but also has a pivotal role in institution’s quality assurance in 

histopathology. Aims and objectives: To analyze indications, efficacy, accuracy, limitations, deferrals and turnaround time for all frozen 

sections in correlation with histopathology. Materials and methods: A retrospective analysis of all the frozen samples was done in correlation 

with permanent sections from June 2016 till July 2017. The diagnostic accuracy, sensitivity, specificity, turnaround time, deferrals and 

limitations were analysed. Results: A total of 45 specimens for frozen sections were sent to the department of Pathology during the time period. 

Out of these, 97.8% (n=44) were accepted and 2.2% (n=1) were deferred. Of the remaining 44 specimens, 1 (2.3%) was discordant and 43 

(97.7%) were concordant to permanent diagnoses. Specimens were primarily from the ovary, breast and lymph nodes. The overall sensitivity, 

specificity, positive predictive value and negative predictive value of the frozen section compared to formalin fixed paraffin embedded sections 

(as gold standard) were 97.7%, 100%, 100% and 100% respectively. The average turn-around time for frozen section diagnosis was 23 minutes. 

Conclusion: Frozen section diagnosis is an efficient, rapid, reliable and highly accurate tool in surgical diagnosis and management. The 

multidisciplinary approach helped avoiding limitations ensuring optimal patient care.  
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Introduction 

Frozen section or cryotomy, is a method of cutting unfixed tissue. 

These frozen sections are used for immediate intraoperative 

diagnosis with the help of a surgical pathologist, and can also be 

used to perform enzyme histochemistry and 

immunohistochemistry.[1] The frozen section technique was 

introduced by William H Welch and this was during a surgical 

procedure performed by surgeon William Halstead in John 

Hopkins Hospital in 1891; however, Halstead walked out the of the 

operation theatre before he received the report, therefore this was 

not the first instance of a frozen section being used to clinical 

advantage. Later the pathologist Ernest Shaw who was a 

pathologist at Great Northen Hospital in London in 1899 

performed the test to completion.[2] In 1905, Louis B Wilson at the 

Mayo Clinic developed the use of methylene blue for staining rapid 

frozen section. Due to the adoption of frozen sections there was a 

drop in the rate of inoperable cancers in Johns Hopkins from 50% 

in 1905 to less than 5% .[3] 

More than 100 years later, even with the advent of modern 

technology and numerous other advancements in the field of 

surgical pathology, frozen sections remain an important tool for 

both the surgeon and the surgical pathologists alike. Its importance 

is compounded by the fact that it also plays a pivotal role in an 

institution’s quality assurance in histopathology. 

Aim 

The aim of this study was to analyse the indications, efficacy, 

accuracy, limitations, deferrals and turn-around time of intra-

operative frozen sections. 
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Materials and Methods 

This was a retrospective study conducted at the Department of 

Pathology, Yenepoya Medical College, Mangalore. All cases of 

frozen sections done between June 2016 and July 2017 were 

analysed - a total of 45 cases.  

The procedure for frozen sections in the institution for the time 

period mentioned was as follows: 

1. A prior appointment for frozen section is taken the day 

prior to the surgery. 

2. The specimen for frozen section analysis is sent from the 

operation theatre in saline along with the test requisition 

form. 

3. The specimen is grossed and representative sections 

given. 

4. The sections are placed in a freezing medium (cryostat 

OCT compound) on chucks. 

5. Once the medium and tissue is frozen, the chuck is 

inserted in the clamping lever of the cryostat. 

6. The cryostat is set between -18 °C and -24 °C and 

sections cut at a thickness of 5-6 microns and 

immediately fixed in isopropyl alcohol onto a glass slide. 

7. Rapid haematoxylin and eosin (H&E) staining is 

performed on these slides. 

8. The slides are reviewed by experienced pathologists; a 

diagnosis is arrived at and then communicated to the 

surgeon immediately. 

9. The remaining specimen is then immersed in 10% 

neutral buffered formalin for fixation. 

10. After fixation, the specimen is re-grossed, sections given 

and embedded in paraffin.  

11. Slides are prepared, stained with H&E and studied for 

histopathological features and a diagnosis is arrived at. 

In every case, the concordance or discordance of the frozen section 

diagnosis was analysed with respective to the final 

histopathological diagnosis. The sensitivity, specificity, turn-

around time, deferrals if any and limitations were also analysed. 

Results 

A total of 45 specimens for frozen sections were sent to the 

department of Pathology during the time period. Out of these, 97.8 

% (n=44) were accepted and 2.2% (n=1) were deferred. The one 

case which was deferred was because the specimen was sent in 

formalin as opposed to saline.  

The specimens were primarily from the ovary, breast and brain 

(Figure 1). 

 

Figure 1- Types of Specimens Received 

The highest number of specimens was from patients belonging to 

the age group of 40-49, followed by the 30-39 age groups (Figure 

2). 

 
Figure 2: Age Distribution of Cases 

Of the accepted specimens, 97.7% (n=43) were found to be 

concordant with the final diagnosis and 2.3% (n=1) discordant 

(Table 1). 

Table 1 - Types, number and concordancy of cases 
 

Specimen 

 

Number of Cases 
Number of Concordant 

Diagnoses 

Number of Discordant 

Diagnoses 

Number of Deferred 

Cases 

Ovary 35 34 1 0 

Breast 3 3 0 0 

Brain 3 3 0 0 

Lymph Node 1 0 0 1 

Gall Bladder 1 1 0 0 

Pancreas 1 1 0 0 

Testis 1 1 0 0 

TOTAL 45 43 1 1 

 

The one discordant case was found to be so, because the typicality 

was focal and wasn’t sampled during the frozen section. 

Amongst the 44 cases, 4 were sent for margin/lymph node status 

and the other 40 were sent for intraoperative diagnosis. Of these 

40, 30 were found to be benign, 9 were malignant and 1 was 

diagnosed as atypical/borderline tumour. 

The overall sensitivity, specificity, positive predictive value and 

negative predictive value of the frozen section compared to 
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formalin fixed paraffin embedded sections (as gold standard) were 

97.7%, 100%, 100% and 100% respectively. 

As mentioned earlier, the indication in the majority of cases was to 

establish an intraoperative diagnosis and in a few cases, to assess 

margin/lymph node status. Some of the cases received during the 

study are show in figures 3-7. However we also encountered a few 

problems during the study such as cutting artefacts (fig 7) and 

staining artefacts (fig 6). In one of the cases (fig6) the frozen 

section showed gland and signet ring cells like arrangement. 

However this case was just diagnosed as a malignant tumour on 

frozen section and further history was asked for and finally 

diagnosed as a low grade malignant fibrothecoma.  

The average turnaround time was found to be 23 minutes. 

 

Figure 3: (A) Mucinous adenocarcinoma gross; (B) Photomicrograph of frozen section (2); (C) Photomicrograph of paraffin embedded 

section 

 

Figure 4: (A) Mucinous adenocarcinoma gross; (B) Photomicrograph of frozen section; (C) Photomicrograph of paraffin embedded 

section. 

 

Figure 5: (A) Mucinous borderline tumour gross; (B) Photomicrograph of frozen section; (C) Photomicrograph of paraffin embedded 

section 
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Figure 6: (A) Frozen Section - Tumour arranged in focal glands and papillary pattern; (B) Frozen Section - Areas showing signet ring 

cell like pattern; (C) Paraffin embedded section - final diagnosis was low grade malignant fibrothecoma. 

 
Figure 7: Occasional cases showed folding artefacts as above 

Discussion 

In the present study, we compared the diagnosis established in 

frozen section to that of paraffin embedded sections to determine 

the accuracy of frozen section diagnosis in histopathology. Ovarian 

tisuue was the predominant sample similar to the studies conducted 

by Saumya Mishra et al (2016).[4] The overall sensitivity, 

specificity, positive predictive value and negative predictive value 

of the frozen section compared to formalin fixed paraffin 

embedded sections were 97.7%, 100%, 100% and 100% 

respectively. Studies conducted by Hossein Hatami et al (2015),[5] 

Patil et al (2015),[6] JunnLiang et al (1992)[7] and Agarwal Preeti et 

al (2016)[8] showed similar results (Table 2). The overall accuracy 

was found to be as high as 99% in concordance with studies 

conducted by Saumya Mishra et al (2016),[4] Agarwal Preeti et al 

(2016),[8] Shresta et al (2009)[9] and Patil et al (2015)[6] (Table 3). 

One case was deferred in our study and 44/45 cases concordant 

with the histopathological diagnosis similar to study conducted by 

Chandramouleshwari et al (2013).[10] The average turnaround time 

was 23 minutes similar to that in the study by Saumya Mishra et al 

(2016)[4] where it was 20 mins. 

Table 2: Comparison of Sensitivity, Specificity, PPV and NPV to other studies 

Authors Sensitivity Specificity PPV NPV Accuracy 

Hatami et al (2015)5 92.95% 99.55% 98.5% 97.8% - 

Patil et al (2015)6 97.23% 96.30% 98.59% 92.8% 96.96% 

JunnLiang et al (1992)7 96.16% 99.43% - - 97.7% 

Preeti et al (2016)8 75% 97.5% 90.9% 94% 94.2% 

PRESENT STUDY 97.7% 100% 100% 100% ~99% 

PPV- Positive predictive value, NPV- Negative predictive value 

Table 3: Comparison of study period, number of cases and concordancy with other studies 
 

Authors 
Study Period 

(Years) 

 

Number of Cases 
Concordant Cases 

(%) 

Discordant Cases 

(%) 

Shrestha et al (2015)9 5 404 94.6 5.4 

Saumya Mishra et al (2015)4 2 67 96.2 3.8 

Patil et al (1992)6 2 100 96.9 3.1 

Chandramouleshwari et al (2016)10 1 51 92 2 

Chbani et al (2012)11 1 261 96.2 3.8 

PRESENT STUDY 1 45 97.7 2.3 
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During the course, of our study we found that the main obstacles 

encountered, which posed a challenge in the diagnosis of frozen 

sections were: 

 Freezing artefacts 

 Cutting artefacts 

 Staining artefacts due to the lesser time required for 

staining  

 Lack of adequate history and examination findings in the 

requisition form 

Proper orientation of specimen and clinical details are important to 

make an accurate diagnosis. A clear communication pertaining to 

clinical details is important for frozen section diagnosis. Many 

studies have concluded that disagreements in frozen diagnosis are 

mostly due to interpretative and sampling errors, followed by 

sectioning, inadequate history, staining and labelling. CAP 

specifies that turnaround time in frozen section reporting should be 

completed within 20 minutes in 90% or else analysis of outliers 

should be done. 

Conclusion 

Frozen section is a very important diagnostic tool in order to help 

facilitate adequate surgical procedures. Based on frozen section 

diagnosis radical surgeries can be changed to conservative surgical 

procedures and vice versa based on age and therapeutic need of the 

patient. This diagnostic procedure when conducted with the right 

indication, with trained technicians and within the limited time-

period is highly helpful. 

Various limitations encountered in our study were due to freezing 

artefact, inadequate clinical and operative details, lack of 

orientation and sampling error  

Frozen section is subject to various limitations which both surgeon 

and pathologist should keep in mind when ordering and performing 

the procedure.  

Frozen section diagnosis is a very important and useful method in 

easy and quick diagnosis for the patient which helps in avoiding 

repeated procedures provided the surgeon and pathologist act in 

coordination. 
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