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Background & Objective: Central nervous system (CNS) tumors display significant 
diversity in clinical behavior and morphology. Timely intraoperative diagnosis is 
critical for surgical decision-making. Squash cytology is a rapid, cost-effective tool for 
evaluating CNS lesions intraoperatively, especially where frozen section has 
limitations. This study aimed to assess the utility and diagnostic accuracy of squash 
cytology in the intraoperative diagnosis of intracranial and spinal cord space-occupying 
lesions, with correlation to histopathology. 
Methods: This prospective study included 57 patients undergoing surgery for CNS 
lesions at Government Medical College from January 2019 to June 2020. Intraoperative 
squash smears were prepared and stained with rapid hematoxylin and eosin. The 
cytological diagnosis was compared with paraffin-embedded histopathology. Statistical 
analysis was performed to evaluate sensitivity, specificity, diagnostic accuracy, and 
concordance in tumor grading. 
Results: Among the 57 cases, 91% were neoplastic and 9% were non-neoplastic. 
Meningioma (33.3%) and diffuse astrocytic/oligodendroglial tumors (28.1%) were the 
most common neoplasms. The diagnostic accuracy of squash cytology was 94.73%, with 
high sensitivity and specificity. Cytological grading matched histopathological grading in 
the majority of cases. Diagnostic errors were mainly observed in tumors with poor 
smearability, high cohesiveness, or crush artifacts. 

Conclusion: Intraoperative squash cytology is a valuable diagnostic adjunct in CNS 
surgeries. It offers high accuracy and rapid turnaround and is particularly useful in 
resource-limited settings. While histopathology remains the gold standard, squash 
cytology significantly aids intraoperative decision-making. 
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Introduction
The brain and spinal cord are enclosed by bone, and 

expansion of their contents by a space-occupying lesion 
(SOL) leads to compression and distortion of the tissues 
of the CNS (1). There are several types of SOLs within 
the CNS, including infections, vascular diseases, 
cerebral edema, and neoplastic and nonneoplastic 
lesions such as cysts and hamartomas. The incidence of 
central nervous system (CNS) tumors varies from 10-
17/100 000 persons/year for intracranial tumors and 1-
2/100 000 persons/year for intraspinal tumors. In India, 
the overall incidence of CNS tumors (2,3) is increasing, 
and it is about 2% in adults (4,5). Among the primary 
CNS neoplasms, glioblastomas and anaplastic 
astrocytomas account for 35%, astrocytomas 13%, 
meningiomas 17%, other neuroepithelial neoplasms 
8%, nerve sheath tumors 8%, PNETs 3%, and others 

16%. In children, the incidence is about 6.6%-19.8% in 
boys and 3%-16% in girls. Hence, CNS tumors are the 
second most frequently encountered tumors in children 
after leukemia. 

Primary spinal cord tumors account for 4%-10% of 
all CNS tumors and are characterized based on their 
location as intramedullary (IMSCT), intradural 
extramedullary, and extradural. Approximately two-
thirds of all spinal tumors are said to be IDEM, and 10% 
IMSCT (5). According to the SEER reports (6), the 
incidence of CNS tumors is increasing, with 4000 new 
cases diagnosed annually. Worldwide, the incidence 
rate of primary malignant tumors of the CNS ranges 
from 5.8 per 1 lakh person-years in males and 4.1 per 1 
lakh person-years in females in developed countries. In 
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India, the incidence in adult males is 11.2/1 lakh and in 
adult females is 6.8/1 lakh. The age-adjusted mortality 
is 4.5/1 lakh (7-9). In adults, CNS tumors constitute the 
sixth most common form of tumor. 

Diagnosing CNS lesions based solely on 
nonspecific symptoms is not possible. It involves 
integrated analysis by the neurophysician, 
neurosurgeon, radiologist, and pathologist. It is the 
pathologist who provides the final report, and treatment 
is based on the pathologist’s report. Hence, it is of 
paramount importance to diagnose CNS lesions 
accurately. In the era of stereotactic biopsies, the 
amount of tissue fragment is very small, and 
intraoperative consultation is an important component 
in the surgical management of brain tumors (8-10). At 
the operating table, the neurosurgeon often wants to 
know whether the tissue taken for biopsy is from a 
representative site, and critical decisions regarding 
treatment and extent of surgical resection can depend on 
an appropriate intraoperative cytodiagnosis. Hence, 
pathologists need a technique that provides accurate 
results regarding cellular morphology and is quick and 
simple to perform. Therefore, it is necessary to know 
the efficacy of squash smears (10,11). 

Dr William Cone was an early proponent of this 
technique, as were Dorothy Russell and Lucien 
Rubinstein. Small fragments of tissue are crushed 
between two slides and then pulled apart to produce 
thin, well-prepared smears (12,13). 

In experienced hands, diagnosing a lesion from a 
small tissue sample within a brief period by the smear 
technique is possible and attains a high degree of 
accuracy. However, errors do occur, and in such cases, 
decisions should always be made on the basis of H&E-
stained paraffin sections. Thus, even though squash 
cytology is a simple and safe procedure with advantages 
in terms of rapidity and timely patient management, 
histopathology remains the gold standard in the 
diagnosis of CNS tumors. This study was conducted to 
assess the utility and accuracy of squash smears in the 
intraoperative diagnosis of intracranial and spinal cord 
space-occupying lesions by correlating them with 
histopathological examination. 
 
Materials and Methods 

This was a prospective study conducted in the 
Department of Pathology at a Government Medical 
College for a period of 18 months from January 2019 
to June 2020. The study was approved by the 
Institutional Ethics Committee. In this study, the 
sample size (n = 57) was determined by including all 
consecutive patients who underwent intraoperative 
squash cytology with available histopathological 
correlation during the study period. Several published 
series, such as Kar M et al (14), Journal of Cytology 
2018, have used this approach based on the total 
number of eligible cases within the chosen timeframe. 
However, given the rarity and availability of eligible 
cases, and in accordance with precedent in similar 

studies (14), all consecutive cases were included to 
maximize data validity. Cases with insufficient tissue 
quantity to yield squash preparation; tissue with 
predominantly necrosis and hemorrhage; poorly spread 
smears with obscured cytological details; and tissue 
from areas that did not represent the tumor were 
excluded from the study. Bony and degenerative 
lesions of the spine were excluded. 

After obtaining patient consent, on the day of 
surgery, a small amount of tissue, approximately 1-2 
mm², was provided in a fresh state or in isotonic saline. 
It was inspected grossly for necrosis and hemorrhage, 
and only viable tissue was used for smear preparation 
and cytological examination. Viable tissue measuring 
0.5-1 mm was placed at one end of a labeled slide. The 
smear was prepared by gently squashing it with another 
slide and pulling the slides away from each other to 
create a uniform tissue layer. The smears were then 
fixed in isopropyl alcohol for 10 minutes and rapidly 
stained with hematoxylin and eosin. The rest of the 
tissue was sent in 10% formalin to the department for 
histopathological examination. These tissues were 
processed using an automated tissue processor, 
embedded in paraffin wax, and stained with 
hematoxylin and eosin. The staining procedures for all 
cytological and histopathological specimens were 
standardized to ensure consistent and reproducible 
results (15,16). 

To minimize interobserver variability, all squash 
cytology smears and corresponding histopathological 
slides were reviewed independently by three different 
pathologists. In cases of discordance, a joint review 
was conducted and a consensus diagnosis was 
established through discussion. This helped minimize 
subjective bias and enhance the reliability and 
reproducibility of diagnostic correlation. Frequencies, 
sensitivity, specificity, positive predictive value, and 
negative predictive value were calculated, and the 
diagnostic efficacy of squash cytology was evaluated. 
 
Results 

In this study, 60 cases of intracranial and spinal 
cord space-occupying lesions were assessed, which 
included both tumor and nontumor lesions. Three cases 
were excluded—in two cases, the specimen for HPE 
diagnosis was inadequate, so correlation could not be 
performed; another was a bony degenerative lesion of 
the spinal cord and hence was excluded. Out of 57 CNS 
lesions, 52 were neoplastic lesions, accounting for 
91%, and the other 5 (9%) were nonneoplastic. Among 
the 57 cases, meningioma was the most common 
(33.3%), followed by diffuse astrocytic tumors 
(28.1%). 

CNS lesions were more common among the age 
group between 51 and 60 years, with a mean age of 
44.54 years. Patients younger than 10 years accounted 
for about 7% in our study. Among the sites of 
distribution of CNS tumors, the temporal and parietal 
lobes (28.1%) were the most common, followed by the 
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parietal lobe (10.5%), cerebellopontine angle (7%), 
and occipital lobe (3.5%) (Figure 1). 

Discrepancies arise between histopathology and 
squash cytology in the diagnosis of CNS lesions due to 
various technical as well as morphological reasons. A 
case of gemistocytic astrocytoma was misdiagnosed as 
an inflammatory lesion because of similar morphology 
between gemistocytes and histiocytes, cells with 
abundant eosinophilic cytoplasm. Oligodendroglial 
tumors in smear cytology appear round and similar to 
astrocytes, without clear space around 
oligodendrocytes, which is appreciable in 
histopathology due to fixation artifact. Due to 
increased cellularity without any stromal matrix, 
pilomyxoid astrocytoma and pilocytic astrocytoma 
were diagnosed as diffuse astrocytoma only. 
Oligodendroglial tumors such as oligoastrocytoma and 
oligodendroglioma were diagnosed as astrocytoma, 
since the morphology of oligodendroglial cells and 
astrocytic cells appears similar in cytology (Table 1, 
Table 2). 

In this study, cumulative diagnostic accuracy of 
astrocytic tumors is 95.8%. Diagnostic accuracy of 
other tumors such as schwannoma, meningioma and 
infective lesions tuberculoma, epidermoid cyst are 
100% (Table 3). 

Sensitivity in identifying tumor lesions by the 
squash method was 98.1%; therefore, this method is 
reliable in differentiating tumor and nontumor lesions 
such as infections and cysts. Specificity in identifying 
tumor lesions by the squash method was 100% (Table 
6). 

The squash smear findings were correlated with the 
histopathological diagnosis. The grading reported on 
squash smears also correlated with histopathological 
grading. Diagnoses that were concordant between 
squash cytology and histopathology accounted for 
about 91.2%, whereas diagnoses varied between the 
two in 8.8% of cases. 

Regarding tumor grading, the same grade was 
assigned in 92.2% of cases, and 7.8% of cases showed 
variation in grading between squash cytology and 
histopathological diagnosis. 

In astrocytic tumors grade correlation between 
squash and histopathology is 87.5% in grade 1 
tumours, 83.3% in grade 2 tumours and 100% in high 
grade tumors (Table 4). 

In this study, only 4 cases were found with grade 
discrepancies. All cases of glioblastoma multiforme 

were diagnosed as high-grade glioma on squash 
cytology. The overall diagnostic accuracy of tumor 
grading was 92.2% (Table 5). 

 

 
Fig. 1. Picture A depicts the squash cytology image of 
astrocytoma with sheets of astrocytes (hematoxylin and eosin 
[H&E], 10×). Picture B shows diffuse astrocytoma on 
histopathological examination (H&E, 40×). Picture C shows 
squash cytology of schwannoma depicting the palisading 
arrangement. Picture D shows the histopathological image of 
schwannoma (H&E, 40×). Picture E is the squash cytology 
image of meningioma showing whorling of cells and 
psammomatous calcification (H&E, 10×). Picture F shows 
the histopathological image of meningioma (H&E, 40×). 
Picture G is the squash cytology image of a granulomatous 
lesion (H&E, 40×), and Picture H is the histopathological 
image of a granulomatous lesion in the brain (H&E, 40×). 

 
 

 
 

Table 1. Spectrum of CNS Lesions by Histopathological Diagnosis 

S.NO HISTOPATH DIAGNOSIS HISTOPATH SQUASH 
1. Astrocytoma 8 (14%) 14(24.6%) 

2. Gemistocytic astrocytoma 1 (1.8%) - 
3. Pilocytic astrocytoma 8 (14%) 8(14%) 
4. Pilomyxoid astrocytoma 1 (1.8%) - 
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S.NO HISTOPATH DIAGNOSIS HISTOPATH SQUASH 
5. Pleomorphic xanthoastrocytoma 2 (3.5%) 1 (1.8%) 
6. Oligoastrocytoma 2 (3.5%) - 

7. Oligodendroglioma 1 (1.8%) - 
8. Ganglioglioma 1 (1.8%) - 
9. Meningioma 17 (29.8%) 17 (29.8%) 

10. Atypical meningioma 1 (1.8%) 2 (3.5%) 
12. Papillary meningioma 1 (1.8%) - 
11. Schwannoma 4 (7%) - 

12. Glioblastoma multiforme 4 (7%) - 
13. Epitheloid hemangioendothelioma 1 (1.8%) - 
14. Granulomatous lesion probably TB 4 (7%) 4 (7%) 

15. Epidermoid cyst 1 (1.8%) 1 (1.8%) 

 Total 57 47 
 
Table 2. Diagnostic discrepancy between squash and histopathological diagnosis in variants of CNS lesions 

S.NO HISTOPATHOLOGICAL 
DIAGNOSIS 

NO OF 
CASES SQUASH DIAGNOSIS REASON FOR 

MISDIAGNOSIS 

1. Gemistocytic astrocytoma 1 Inflammatory lesion Low cellularity;presence of 
reactive glial cells 

2. Pilocytic astrocytoma 1 Diffuse astrocytoma Overlapping features;lack of 
biphasic pattern on smear 

3. Pilomyxoid astrocytoma 1 Diffuse astrocytoma 
Myxoid background 

missed;cellular features 
resembling diffuse type 

4. Pleomorphic 
xanthoastrocytoma 1 Diffuse astrocytoma No evident pleomorphism 

5. Oligoastrocytoma 2 Diffuse astrocytoma Loss of classic oligodendroglial 
nuclear features on Squash 6. Oligodendroglioma 1 Diffuse astrocytoma 

7. Ganglioglioma 1 Diffuse astrocytoma 
Failure to recognize ganglion 

cells and more predominance of 
glial cells. 

 
Table 3. Correlation of Squash Diagnosis With Histopathological Diagnosis 

 
 

S.NO 

 
HISTOPATHOLOGICAL DIAGNOSIS 

SQUASH AND HPE 
CORRELATION 

 
DIAGNOSTIC 
ACCURACY YES NO 

1. Astrocytic tumors 23 1 95.8% 
2. Oligodendroglial tumors - 3 0% 
3. Ganglioglioma - 1 0% 

4. Meningioma 19 - 100% 
5. Schwannoma 4 - 100% 

6. Epitheloid 
Hemangioendothelioma 1 - 100% 

7. Granulomatous lesion 
probably TB 4 - 100% 

8. Epidermoid cyst 1 - 100% 

 Total 52 5 91.2% 
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Table 4. Grade Correlation in Astrocytic Tumors 

 
S.NO GRADE OF ASTROCYTOMA 

CORRELATION 
WITH HPE DIAGNOSTIC ACCURACY 

Yes No 

1. Grade 1 7 1 87.5% 
2. Grade 2 10 2 83.3% 
3. Grade 4 4 - 100% 

 Total 21 3 87.5% 
 

Table 5. Sensitivity and Specificity in Identifying CNS Tumor by Squash Diagnosis 
 

DIAGNOSIS OF CNS TUMOUR BY 
SQUASH 

DIAGNOSIS OF CNS TUMOUR BY 
HISTOPATHOLOGY 

 
TOTAL 

YES NO  
Yes 51 0 51 
No 1 5 6 

 52 5 57 
 

Sensitivity (%) 98.1 
Specificity (%) 100 

Positive predictive value (%) 100 
Negative predictive value (%) 83.3 

 
Discussion

In our study, among the CNS tumors, astrocytic 
tumors were the most common, with an incidence of 
42%, followed by meningioma with an incidence of 
33.4%. This is similar to the study by Neglia et al (14, 
15), which showed an incidence of astrocytic tumors of 
36.02%, followed by meningioma at 16.2%. The study 
by Govindaraman et al (10) also showed the most 
common tumor as astrocytoma (33.5%), followed by 
meningioma (24%). 

The worldwide incidence of CNS tumors also 
shows similar results, with astrocytoma being the most 
common, followed by meningioma, as stated by 
Nelson et al (17), Nigam et al (18), and Nori et al (19). 

In our study, the most common age group involved 
was between 51 and 60 years, followed by 41 to 50 
years. In other studies conducted by Govindaraman et 
al (10), Bajaj et al (1), Omer et al (20), and Patchel et 
al (21), the most common age group involved was 31 
to 40 years, followed by 41 to 50 years. 

Among astrocytomas, grade 2 tumors showed a 
wide age distribution, with the most common age range 
being 41 to 50 years. Grade 1 pilocytic astrocytoma 
was common in the pediatric age group comprising 
those younger than 10 years, similar to the studies by 
Lacruz et al (11), Ries et al (22), Roesseler et al (23), 
Sachin et al (24), and Schlehofer et al (25). 

In meningioma, there was a wide age distribution 
between 30 and 75 years, with the most common 
cluster in the 51 to 60 years range. Other studies 
showed the mean age group involved was around 60 to 
70 years (20). Govindaraman et al (10), Shah et al (26), 
Thomas et al (27), and Torres et al (28) in their studies 
stated that the diagnostic accuracy of squash cytology 
in diagnosing conditions such as astrocytoma, 

oligodendroglioma, glioblastoma, meningioma, 
schwannoma, granulomatous inflammation, and 
epidermoid cyst was about 100%, which correlated 
with our study. Nigam et al (18) stated that the 
diagnostic accuracy was about 84% for astrocytic 
tumors, 33.3% for oligodendroglioma, and 100% for 
meningioma, schwannoma, and epidermoid cyst. In 
our study, the overall diagnostic accuracy of squash 
cytology was about 91.2%, which correlated with the 
studies conducted by Roesseler et al (92.8%) (23), 
Sachin et al (93.4%) (24), Govindaraman et al (90.7%) 
(10), Bajaj et al (98.6%) (1), Nigam et al (89.3%) (18), 
Jamunarani et al (82%) (12), Torres et al (97.3%) (28), 
and Goel et al (83.2%) (8). 

In our study, the overall diagnostic accuracy of 
squash cytology in grading the tumor was 92.2%. 
Grade 1 showed 96.6%, grade 2 showed 88.2%, grade 
3 showed 0%, and grade 4 showed 100%, whereas 
Bajaj et al (1) reported a diagnostic accuracy of about 
79%, and Brommeland et al (3) stated that the 
diagnostic accuracy was about 88%. 

In our study, the sensitivity of diagnosing tumors 
was 98.1% and specificity was 100%, which means 
that nonneoplastic lesions were not interpreted as 
tumors in this study. These results were similar to the 
studies conducted by Bajaj et al (sensitivity, 98.6%; 
specificity, 100%) (1), Govindaraman et al (sensitivity, 
98.7%; specificity, 97.4%) (10), and Sachin et al 
(sensitivity, 98.78%; specificity, 100%) (22). In this 
study, the incidence of CNS space-occupying lesions 
was 1.21%. The overall diagnostic accuracy of CNS 
space-occupying lesions by squash cytology was 
91.2%, and the diagnostic accuracy of tumor grading 
was 92.2%. The sensitivity, specificity, positive 
predictive value, and negative predictive value for 
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diagnosing a CNS tumor were 98.1%, 100%, 100%, 
and 83.3%, respectively, which correlated with the 
findings of Wiemels et al (29), Agarwal et al (31), 
Philip et al (32), and Govindaraman et al (10). This 
concludes that the squash method is considered to be 
reliable in the intraoperative diagnosis of CNS space-
occupying lesions. 

 
Limitations 

The study was conducted on only a limited number 
of cases, which may not be representative of all CNS 
lesions or other tumor types. Long-term follow-up and 
clinical outcome correlation were not included, 
restricting assessment of diagnostic accuracy in terms 
of patient prognosis. 

 
Conclusion 

The squash method is a rapid, simple, cost-effective 
method compared with frozen section and can also be 
used in intraoperative rapid diagnosis. In our country, 
it can be used as a preliminary method for rapid 
diagnosis in routine practice. However, it should never 
be used as a definitive diagnostic method for further 
management since histopathology is the gold standard. 
In the squash method, cell morphology is better 
preserved. It does not require special skills as in the 
cryostat technique. With better expertise in 
neuropathology cytology smears, the squash method is 
an accurate, rapid, and reliable method for diagnosing 
CNS lesions intraoperatively and aids neurosurgeons in 
deciding further management. 
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	Background & Objective: Central nervous system (CNS) tumors display significant diversity in clinical behavior and morphology. Timely intraoperative diagnosis is critical for surgical decision-making. Squash cytology is a rapid, cost-effective tool for evaluating CNS lesions intraoperatively, especially where frozen section has limitations. This study aimed to assess the utility and diagnostic accuracy of squash cytology in the intraoperative diagnosis of intracranial and spinal cord space-occupying lesions, with correlation to histopathology.
	Methods: This prospective study included 57 patients undergoing surgery for CNS lesions at Government Medical College from January 2019 to June 2020. Intraoperative squash smears were prepared and stained with rapid hematoxylin and eosin. The cytological diagnosis was compared with paraffin-embedded histopathology. Statistical analysis was performed to evaluate sensitivity, specificity, diagnostic accuracy, and concordance in tumor grading.
	Results: Among the 57 cases, 91% were neoplastic and 9% were non-neoplastic. Meningioma (33.3%) and diffuse astrocytic/oligodendroglial tumors (28.1%) were the most common neoplasms. The diagnostic accuracy of squash cytology was 94.73%, with high sensitivity and specificity. Cytological grading matched histopathological grading in the majority of cases. Diagnostic errors were mainly observed in tumors with poor smearability, high cohesiveness, or crush artifacts.
	Conclusion: Intraoperative squash cytology is a valuable diagnostic adjunct in CNS surgeries. It offers high accuracy and rapid turnaround and is particularly useful in resource-limited settings. While histopathology remains the gold standard, squash cytology significantly aids intraoperative decision-making.

