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ABSTRACT  

 

Introduction: Intraoperative frozen section (FS) is an important tool in the management of neoplastic 

and non-neoplastic central nervous system (CNS) lesions. Although the final pathological diagnosis is based on 

the findings in paraffin tissue sessions, interpreting FS of CNS lesion is to assist the neurosurgeon in making 

the accurate judgment regarding the nature of the lesion and tissue adequacy. This study was to evaluate 

the agreement between FS and paraffin sections (PS) results; and to highlight the possible causes of error in 

discrepancy between FS and PS. Materials & Methods: This is a retrospective study of 85 cases of FS. H&E 

stained sections of both FS and PS of all these cases were reviewed with their histopathological reports. FS 

and PS results were compared. Possible causes of errors were reviewed and recorded. Results: Out of 85 

cases; 76 cases (89.4%) showed no discrepancy, 2 cases (2.4%) minor discrepancy and 7 cases (8.2%) 

discrepancy. Sensitivity and specificity of FS were 90.1% and 85.7% respectively. Positive predictive value 

was 97.0% and negative predictive value was 63.1%. The false positive rate was 14.2% and false negative rate 

was 36.8%. The overall accuracy of FS was 89.4%. Conclusion: Our results showed high accuracy and 

specificity of FS. Therefore, FS is still useful, an effective tool for neurosurgeon although there are some 

challenges for histopathologists in reporting FS. The commonest discrepancy was seen between reactive 

gliosis and low-grade glioma. Over-diagnosis or under-diagnosis of FS can be reduced by closed cooperation 

among pathologist, neurosurgeon and radiologist.  
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INTRODUCTION  

 

Intraoperative frozen section (FS) plays a major role 

in the surgical management of patients with 

neoplastic and non-neoplastic diseases. It provides 

the surgeon with important pathological information 

during the operation procedure.1  As the diagnosis on 

permanent paraffin section (PS) is the gold standard, 

the accuracy of FS diagnosis can be documented by 

comparing the diagnosis made on the FS to the final 

diagnosis made on PS after a review of both FS          

and PS. Accuracy of FS can be achieved by the 

evaluation of discrepancies followed by identifying 

discrepancies in reporting and resolving the 

underlying problems.2 

 

Intraoperative FS consultation is an important part of 

many neurosurgical procedures in which tissue is 

being obtained for the purpose of rendering a 

diagnosis.3 It is an important part for management of 

patients with both neoplastic and non-neoplastic 

central nervous system (CNS) lesions which are 

targeted for surgical biopsy or intervention. The 

primary goal of the intraoperative FS consultation is 

to ensure that adequate tissue is available for an 

accurate final diagnosis.4 The role of the 

histopathologist in interpreting FS of CNS lesions is to 

assist the neurosurgeon in determining the adequacy 

of the submitted tissue for diagnosis, to establish the 
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nature and presence of the lesions and to establish 

the most accurate judgment of the lesions along with 

clinico-radiological correlation.5 

 

Although there are significant improvements in neuro

-radiological diagnostic techniques, FS reports are 

still important intraoperative tool for neurosurgeons 

to determine the best procedure to reach the 

endpoint of the operation.6 The aim of this study was 

to evaluate the degree of agreement between the 

intraoperative FS reports and final histopathological 

diagnosis on PS; and to highlight the possible causes 

of error in the cases showing discrepancies between 

FS and PS results.  

 

MATERIAL AND METHODS  

 

This study is a retrospective descriptive study 

conducted in the Pathology Department, Hospital 

Universiti Sains Malaysia from January 2007 to 

December 2016. After retrieving histopathology 

records reported in the department during that 

period, a total 412 FS cases of various organ system 

diseases were collected. Among them, FS cases of all 

CNS lesions regardless of the type of diagnosis were 

selected. Haematoxylin and Eosin (H&E) stained 

slides of both FS and PS of all CNS FS cases with their 

histopathological reports were collected. Cases with 

missing FS slides or PS slides and inadequate tissue 

sample in both FS and PS were excluded from the 

study. A total 85 cases of CNS lesions were finally 

collected with their FS slides and PS slides to be 

reviewed for this study. Two investigators 

(pathologists) independently reviewed all the slides 

from the cases. FS results were compared with the 

results of PS.  

 

The cases were graded into three degrees of 

diagnosis discrepancy to clarify the accuracy of 

intraoperative diagnosis; i) no discrepancy (ND), ii) 

minor discrepancy (MD) and iii) discrepancy (D).         

If FS diagnosis matched exactly the diagnosis of PS  

with complete agreement, it was graded as ‘no 

discrepancy’. If FS diagnosis did not match exactly  

PS diagnosis with partial agreement, however, it was 

quite close to PS diagnosis; it was graded as ‘minor 

discrepancy’. If FS diagnosis did not match PS 

diagnosis with no agreement, it was graded as 

‘discrepancy’. To analyse specificity, sensitivity, 

positive predictive value (PPV), negative predictive 

value (NPV), false positive rate (FPR), false negative 

rate (FNR) and accuracy of FS results, following 

parameters were determined as follows:  

 

Cases reported with same specific      

pathology in both FS and PS 
: 

True  

positive 
(TP) 

Cases reported with specific pathology or 
malignancy in FS, however, there is no 
specific pathology or malignancy in PS 

: 
False  
positive 
(FP) 

Cases reported with no specific pathology 
in both FS and PS: 

: 
True  
negative 
(TN) 

Cases reported with no specific pathology 
or malignancy in FS, however, there is 
specific pathology or malignancy in PS 

: 
False  
negative 
(FN) 

Specificity, sensitivity, PPV, NPV, FPR, FNR and 

overall accuracy of FS were calculated by following 

formulas. Statistical analysis was done using SPSS 

software. 

Sensitivity = TP X 100 / TP + FN 

Specificity = TN x 100 / TN + FP 

NPV = TN X 100 / FN + TN 

PPV = TP x 100 / FP + TP 

FPR = FP x 100 / FP + TN 

FNR = FN x 100 / FN + TP 

Accuracy = TP + TN x 100 / Total number of 
cases 

RESULTS  

 

From the 85 cases of FS of CNS lesions in this study, 

40 cases (47.1%) were male and 45 cases (52.9%) 

were female. The ages ranged from 3 to 65 years old 

and mean age was 33 years old.  

 

Out of 85 cases, 76 cases (89.4%) showed                        

no discrepancy, 2 cases (2.4%) showed minor 

discrepancies and 7 cases (8.2%) showed 

discrepancies between FS and PS results. 64 cases 

(75.3%) were TP, 12 cases (14.1%) were TN, 2 cases 

(2.4%) were FP and 7 cases (8.2%) were FN. 

Sensitivity and specificity of FS were 90.1% and 85.7% 

respectively. PPV and NPV were 97.0% and 63.1% 

respectively. FPR and FNR were 14.2% and 9.8% 

respectively. The overall accuracy of FS was 89.4%.  

 

Out of two FP 2 cases, one case was suggestive of 

high-grade glioma in FS due to the presence of 

necrotic fragments. However, the case turned out to 
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be a low-grade glioma (WHO grade I) with coagulative 

necrosis rather than geographic necrosis in PS 

(Figures 1 A, B & C). Another case of FP showed high-

grade glioma in FS; however, it showed diffuse 

astrocytoma (WHO grade II) in PS as large 

pleomorphic cells turned out to be gemistocytes.  

 

Out of 7 cases of FN, 4 cases showed reactive gliosis 

in FS and turned out to be low-grade glioma (WHO I & 

II) in PS. Other 3 cases showed meningioma, 

schwannoma and non-Hodgkin lymphoma (NHL) in PS 

(Figures 2 A, B & C). Explanation of possible errors in 

discrepancy and minor discrepancy with FP and FN is 

shown in Tables I and II.  

Figure 1: A case of low-grade glioma: A; Small areas of 
coagulative necrotic foci in FS (100X) (arrows), B; – Few 

mildly pleomorphic cells with mitosis (arrow) in FS which 
mimicked high-grade glioma (200X), C; Features of low-
grade glioma in PS (200X). 

Figure 2: A case of CNS NHL: A; - (FS) Lymphoma cells are 
mistaken as tumour cells of high-grade glioma in FS, B; 

(PS) Lymphoma cells of NHL in PS, C; Tumour cells are 
positive for CD20 immunohistochemically. (400X) 

DISCUSSION  

 

Frozen section (FS) interpretation is one of the 

challenging works in the field of histopathology. The 

most common cause of limitation and challenge of FS 

interpretation is ice crystal artefact resulting in 

distortion of architectural details.7 The aim of 

reporting FS by histopathologist in the diagnosis of 

CNS lesions is to guide the neurosurgeon in making 

clinically relevant intraoperative decisions, which 

helps the surgeon to plan the extent of surgery and 

modify it accordingly. Accurate intraoperative 

diagnosis is based on good correlation of clinical, 

radiological and microscopic findings.8  

  Frozen  
section 

Paraffin  
section 

Possible error 

1. Suggestive of 
high grade  
glioma due 
to necrosis 
(FP) 

Low-grade 
glioma 
(WHO I) 

Coagulative       
necrotic areas in 
FS mistaken as     
geographic          
necrosis 

2. High grade 
glioma (FP) 

Diffuse  
astrocytoma 
(WHO grade II) 

Gemistocytes in FS 
mistaken as  
pleomorphic  
tumour cells 

3. Reactive  
gliosis (FN) 
(discrepancy) 

Fibrillary  
astrocytoma 
(WHO II) 

Nuclear atypia and 
increased            
cellularity only 
appeared in serial 
PS 

4. Reactive  
gliosis (FN) 
(discrepancy) 

Schwannoma Scattered 
Schwann cells 
mistaken as glial 
cells 

5. Reactive  
gliosis (FN) 
(discrepancy) 

Low-grade  
astrocytoma 
(WHO II) 

Only serial  
sections of one 
fragment showed 
increased glial 
cells 

6. High-grade 
glioma (FN) 
(discrepancy) 

Non-Hodgkin 
lymphoma 

Lymphoma cells 
can be confirmed 
only with IHC 
stains 

7. Reactive  
gliosis (FN) 
(discrepancy) 

Anaplastic 
astrocytoma 

Atypical small 
cells mistaken as         
reactive              
lymphocytes   
and confirmed 
with IHC stains 

In this study, the overall accuracy of FS was 89.4%. 

Although it was high, it was lower than the accuracy 

reported by Khoddami M. et al. which was 99.5%.9 It 

might be due to the smaller sample size of this study. 

Sensitivity (90.1%) was higher than specificity (85.7%) 

as there were more TP cases than TN cases. PPV 

(97.0%) was also higher than NPV (63.1%) and it might 

be due to more TP cases in this study.  

  Frozen  

section 

Paraffin 
section 

Possible error 

1. Reactive  

gliosis,  

however        
low-grade        
glioma cannot 
be ruled out 
(FN) 

Low-grade 
astrocytoma 
(WHO I) 

Only serial        
sections of one 
fragment showed 
increased glial cells 

 

2. 
Suggestive    
of low-grade       
glioma; 
DD:  
meningioma 
(FN) 

Meningioma 
Few meningothelial 
cells in FS mistaken 
as glial cells 

Table I: Discrepancy cases between frozen section and 
paraffin section 

FS: frozen section, PS: paraffin section, FP: false           
positive, FN: false negative 

Table II: Minor discrepancy cases between frozen section 
and paraffin section 

FS: frozen section, FN: false negative, DD: differential 
diagnosis 
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In this study, out of seven discrepant cases, two 

discrepant cases were recorded as FP. First FP case 

was reported as suggestive of high-grade glioma in FS 

due to the presence of necrotic fragments. However, 

that necrosis was found to be coagulative necrosis 

rather than geographic or pseudopalisading necrosis 

in PS and the case was reported as a low-grade 

glioma (WHO grade I) (Figures 1 A, B & C). Cellular 

proliferation with infarct-like necrosis can be seen in 

low-grade glioma especially pilocytic astrocytoma.10 

However, those infarct-like coagulative necrosis and 

radiation induced necrosis are not surrounded by 

pseudopalisading tumour cells like in high-grade 

glioma.3 On the other hand, necrosis of glioblastoma 

can be misdiagnosed as caseous necrosis of 

tuberculous infection.5,8,11 Another error with the 

second case of FP was due to difficult differentiation 

of cellularity and misinterpretation of gemistocytes 

in diffuse astrocytoma (WHO grade II) as pleomorphic 

cells and reported as suggestive of high-grade glioma 

in FS. Error in over-grading or under-grading of 

astrocytoma was also reported in the literature.4,8 

Over-grading may result in a premature termination 

of the surgical procedure because the surgeon thinks 

the diagnostic tissue has been obtained with a grade 

compatible with the imaging study.3 

 

Out of seven discrepant cases in this study, five cases 

were FN. The other two FN cases was recorded as 

minor discrepancy as FS were reported as reactive 

gliosis. Among five discrepant FN cases, four cases 

were reported as reactive gliosis in FS. Among those 

four cases reported as reactive gliosis in FS, two 

cases were found to be low-grade glioma, one case 

was schwannoma and another was an anaplastic 

astrocytoma in PS. Differentiation between a            

low-grade glioma and a reactive gliosis is one of             

the most difficult diagnostic challenges in FS 

neuropathology.12 In schwannoma case, scattered 

Schwann cells were mistaken as glial cells during 

reporting FS. In anaplastic astrocytoma case, tissue 

section of FS was very small and small atypical 

tumour cells were misinterpreted as reactive 

lymphocytes. In that case, irregular naked nuclei of 

anaplastic tumour cells should be thoroughly 

examined.  

 

Distinguishing between reactive gliosis and a           

low-grade glial neoplasm is one of the most             

difficult differential diagnostic challenges in surgical 

neuropathology. It is common to find at least some 

degree of gliosis adjacent to and associated with a 

tumour.5 A study reported that discrepancies in 

distinguishing reactive gliosis and a low-grade glial 

neoplasm was 2.3%.12 Features such as low cellularity 

and low nucleocytoplasmic ratio are more in favour 

of reactive gliosis.13 

 

Another FN discrepant case reported as high-grade 

glioma was non-Hodgkin lymphoma (NHL) in PS. In 

this case, pleomorphic neoplastic lymphoid cells 

were mistaken as tumour cells of high-grade glioma 

(Figures 2 A, B & C). Discrepancies in the diagnosis of 

lymphoma in FS are reported in literatures especially 

the tissue sample is limited, in pre-treated lesions, 

and in cases with an atypical radiological imaging 

study.5 Sensitivity in the diagnosis of lymphoma in FS 

is low and it is well known that glioblastomas and 

metastatic carcinomas histologically can mimic 

lymphomas.14 In case of suspected lymphoma, a 

cytological smear preparation of the specimen is 

recommended.15 Touch imprint smears exhibit better 

morphological details without any smearing artefact 

as compared to FS in the diagnosis of lymphoma.13  
 

In this study, two minor discrepant cases were 

observed. One case was reported as reactive gliosis 

in FS and low-grade astrocytoma (WHO I) was 

reported in PS after serial sections of one fragment 

showed increased glial cells. Another case was 

reported as suggestive of low-grade glioma with the 

differential diagnosis of meningioma. It was 

confirmed as meningioma in PS and it was because 

few meningothelial cells in FS were mistaken as glial 

cells. Distinguishing meningiomas, peripheral nerve 

sheath tumours, and other spindled cell 

proliferations can be challenging in FS, particularly 

with limited submitted tissue or tissue distorted by 

crush artefact or cautery.5 

 

Although FS is very useful for neurosurgeons, it is still 

quite challenging for histopathologists. FS evaluation 

is not perfect and there are well-known errors and 

discrepancies that are due to a variety of factors.4 A 

study on 2,156 cases of FS diagnosis of brain tumour 

showed a discrepancy rate of 2.7% was found           

with most common discrepancies in the diagnosis          

of spindle cell lesions, CNS lymphoma, and 

differentiating oligodendrogliomas from astrocytomas 

and differentiating reactive gliosis from neoplastic 

processes.5 

 

Agreement between FS and PS varies among 

histopathological entities and is lower in low-grade 
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tumours than in high-grade tumours. Sensitivity for 

diagnosing CNS lymphomas is low.14 In our study, most 

of the FN cases were low-grade glioma cases and one 

was NHL. Most of the high-grade lesions showed no 

discrepancies between FS and PS in this study. 

However, some study showed disagreement did not 

relate to any specific tumour type.16 FS are better in 

diagnosing firmer lesions such as meningioma and 

schwannoma; and offered better architectural 

features as compared to cytology. Freezing artefacts 

were the major drawback, which limited the 

diagnostic accuracy. Freezing artefacts can be 

avoided to a large extent by optimal temperature 

control and rapid freezing of tissue.13 Optimal 

temperature can be achieved by setting the 

temperature of cryostat between −15 °C to −25 °C.17 

 

In the reporting of FS of CNS lesions, correlation with 

cytological preparations (both touch imprint smear 

and squash smear) is widely used. FS and cytological 

examination of the specimens are complimentary to 

each other, and both should be used to improve the 

intraoperative diagnostic accuracy in the CNS 

lesion.18 The cytological touch imprint alone can         

be diagnostic in the hands of experienced 

neuropathologists, particularly for meningioma and 

pituitary adenomas.19 In a study, the diagnostic 

accuracy of squash smears and touch imprints were 

89.2% and 78.4% respectively, and these were more 

than the accuracy of FS which was 75.7%.13 The 

limitation of this study was that cytological smears 

cannot be reviewed as it was performed only in a few 

cases with missing cytological smears. 

 

Generally, for FS of all types of tissue, discrepancies 

between FS and PS reports were due to technical 

errors, sampling errors and misinterpretations.20 In 

CNS lesion, common causes of discrepancies are 

sampling errors, technical errors, insufficient or false 

clinical information and pathologist errors in grading 

and subtyping of glial tumours.12 Communication 

between the neurosurgeon and pathologist with 

correct information to be conveyed to the pathologist 

is very important.  

 

In conclusion, the results of this study showed high 

accuracy and specificity of FS. Therefore, FS is still 

useful, effective tool for neurosurgeon although there 

are some challenges for histopathologists in reporting 

FS. Over-diagnosis or under-diagnosis of FS can be 

reduced by closed cooperation among pathologist, 

neurosurgeon and radiologist.  
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