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Abstract
Background: The main usefulness of intraoperative consultation on lesions of the CNS is to confirm or
rule out the presence or absence of neoplasia and to define the neoplastic cell type and histologic grade
of the tumor. Two main techniques for the intra-operative diagnosis of specimens are available:
cryostat (frozen) sections and smear (squash,crush) preparations. The choice of the most suitable
investigative technique depends on individual experience and preference.
Aims and objectives: This study aims to assess the sensitivity / diagnostic accuracy by squash
preparation and frozen section, by comparing it with paraffin sections.
Materials and Methods: This study comprised of 65 cases of CNS tumours received and analysed.
Intraoperative squash smears and frozen sections were prepared and intraoperative diagnosis were
compared with paraffin sections.
Results: Out of total 65 cases, 18 cases were of Meningioma, 12 cases were of Glial Tumour and 7
cases were of Schwannoma. Out of total 65 cases, 32 (49.23%) cases were of more than 40 years old.
In the present study, male to female ratio was 0.55: 1. Sensitivity of squash method was 90.74% and of
frozen section was 88.88%. Combination of both methods resulted in increased sensitivity to 94.44%.
Conclusion: In conclusion, squash preparation and frozen section techniques are complementary to
each other for intraoperative diagnosis of CNS lesions. Combined utility of both these methods yield
high diagnostic accuracy.
Keywords: CNS lesions, frozen section, histopathology, intraoperative diagnosis, squash preparation

Correspondence
Dr. Ushma Patel
11/B, Shri Ram Park Society,
Near Second Railway Nala,
Patan, Gujarat, Pin: 384265,
Phone No.: 9428356364,
E mail:ushma221216@gmail.com

Introduction
Pathological results are needed in urgency during the ongoing operative procedures in
surgical field. Neurosurgery is aided by the use of intra-operative diagnostic modalities,
particularly for biopsy specimens of suspected neoplasms. The main usefulness of
intraoperative consultation on lesions of the CNS is to confirm or rule out the presence or
absence of neoplasia [1, 2] and to define the neoplastic cell type and histologic grade of the
tumor according to consensus classification. CNS tumors, with their huge variety of types
and sub-types, each with its own clinical peculiarities and different cytohistologic
characteristics, presented a great challenge from the start.
Two main techniques for the intra-operative diagnosis of specimens are available: cryostat
(frozen) sections and smear (squash, crush) preparations [3]. The choice of the most suitable
investigative technique depends on individual experience and preference, and many
neuropathologists prefer, if possible, to use both techniques on biopsy specimens if sufficient
tissue is available. In experienced hands, these, highly accurate sampling methods allow a
tissue diagnosis to be made on lesions previously considered unsuitable for biopsy,
particularly deep seated lesions [4]. Intraoperative evaluation of lesions in the CNS requires
the clinical, radiological and histologic data and knowledge of clinicopathologic entities and
their common locations.
The frozen section procedure as practiced today in medical laboratories is based on the
description by Dr. Louis B. Wilson in 1905.The preparation of smears from brain biopsy
material is a well-established technique for rapid diagnosis in neuropathology. In 1930,
Eisenhardt and Cushing described the use of cytologic examination of touch preparations
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stained with supravital dyes for the rapid diagnosis of brain
tumors at the time of surgery [5-8].
The soft texture, however, aids in smear preparation, often
revealing exquisite cytological details. Intraoperative
cytologic smears in neurosurgery are rapid, easy to perform,
inexpensive [2, 9], permitting high diagnostic accuracy
allowing reliable intraoperative diagnoses and guidance
during targeting and resecting lesions in neurosurgery. Also
the amount of the tissue required is lesser by which more
amount can be preserved for paraffin sections. Cytological
methods are ideal for a speedy intraoperative diagnosis of
stereotactic CNS biopsy samples because the tissue is
minimally distorted and none is wasted [7, 10, 11].
Frozen sections are mainly useful for the more firm, rubbery
neoplasms such as meningiomas, ependymomas, and most
metastatic tumours in which it is difficult to prepare good
cytology smears [12, 13]. Some microscopic features are better
in one than the other among the FS and cytologic smears.
Because of this, some studies have also been shown the
combined utility of both the procedures for intraoperative
purpose.
Although, the choice of the method depends on individual
experience and preference, and these methods were
considered as complementary procedures to assist
neurosurgeon in diagnosis [14]. The studies have also shown
the combined use of frozen section and squash smear
resulting in overall increased diagnostic accuracy compared
to that using a single procedure only [15, 16].
Though the neuro imaging and neurosurgical techniques
have been revolutionized, in order to plan rational treatment
of intracranial lesions, a certain amount of diagnostic
certainty is still required that only pathology can offer.
Infectious and inflammatory processes must be
distinguished from neoplastic processes, while defining the
type of the neoplastic process involved is a crucial factor in
determining surgical strategy. In addition, intraoperative
consultation is essential to avoid non- diagnostic biopsies by
confirming that the sample obtained is representative of the
lesion.
Intraoperative diagnostic techniques help in forming the
decisions that are made with regard to triaging of the
remaining tissue that is not submitted for intraoperative
consultation evaluation, as well as deciding what test may
need to be employed to further evaluate the lesion and
differential diagnosis.
Aims and objectives
This study aims to analyze the view of ovarian tumors with
respect to clinical presentation, gross and microscopic
characteristics and also to study the frequency and
histopathological patterns of ovarian tumours.
Materials and methods
Study Design: The present study was carried out at
histopathology section of pathology department of
Government Medical College and S.S.G. General Hospital,
Vadodara, a tertiary care centre in Vadodara district of
Gujarat state, India during the period of March 2015 to
February 2016.

Data collection procedure: In present study, we analysed
all 65 cases which received for histopathology examination
under the diagnosis of CNS tumours from Neurosurgical
department.
Inclusion criteria: All the intraoperative calls as well as
post-surgical biopsy specimens fron Neurosurgical
Department were included in this study.
Exclusion criteria: Only post-surgical biopsy specimens
without intraoperative calls fron Neurosurgical Department
were excluded from the study.
Detailed clinical history along with radiology (CT/MRI)
reports were available in most of the cases along with
clinically suspected diagnosis. The radiology images were
scrutinized as to the intra or extra axial location of the
lesions and accompanying features like perilesional edema,
tumor necrosis, post contrast enhancement, ring enhancing
lesions, midline shift and so forth.
All the intraoperative biopsy specimens were examined as
soon as possible after they had been removed. To make the
smear preparation, a tissue fragment of up to 5 mm diameter
was placed at one end of a pre labelled glass slide. The
tissue sample was removed from the biopsy specimen with
minimal trauma and crushing with forceps was avoided as
this would seriously impair cytological preservation.
Individual tissue samples on the labelled glass slides were
gently crushed by a second slide held at right angle. This
slide was gently rotated to spread the specimen evenly
across the base of the labeled slide. It was important to
ensure an even distribution of cells across the labelled slide.
Once the smears were prepared, they were fixed
immediately in methanol before drying. In a few cases, air
dried smears were also made. The methanol fixed smears
were stained by haematoxylin and eosin. The air dried
smears were stained by Giemsa stain.
For the frozen sections, approximately 1x1 cm tissue section
from the specimen is chosen followed by putting the tissue
section in cryostat at -20 C for 10 minutes and then
approximately 10µ thick sections were cut. Once the
sections were cut, the sections were put in 10% formalin for
5 minutes and then stained by haematoxylin and eosin stain.
The remaining sample was submitted for routine paraffin
sections following fixation in 10% formalin. In some cases
additional specimen with 10% formalin were also sent by
the neurosurgeon.
To overcome the sampling errors, multiple areas were
sampled for both squash and frozen sections. The
differential diagnosis of CNS lesions by smear preparations
and frozen section were based on nuclear, cytoplasmic,
background and architectural features. The nuclear features
studied included shape, chromicity, pleomorphism,
membrane, nucleoli, mitotic activity and pseudo inclusions.
Cytoplasmic features consisted of processes, vacuolation,
granularity and scarcity. Fibrillar nature of tissue, necrosis,
collagen, myxoid matrix, psammoma bodies, rosenthal
fibres and cellular infiltrates were assessed as the
background features. Some pathognomonic architectural
features like cell whorls, papillae and cell rosettes were also
looked for.

Type of study: Prospective
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Table 4: Site / Region wise distribution of CNS lesions.

Results
Table 1: Distribution of number of cases in different CNS lesions.
Sr.
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14

No. of
Percentage
cases
Meningioma
18
27.7
Craniopharyngioma
05
7.7
Pitutary Adenoma
03
4.6
Glioma
12
18.5
Infection / Inflammation
04
6.1
Cysts
06
9.2
Schwannoma
07
10.8
Neurofibroma
01
1.5
MPNST
01
1.5
Extraskeletal Osteosarcoma
01
1.5
Hemangioblastoma
02
3.0
Lymphoma
01
1.5
Chordoma
02
3.0
Metastatic Adenocarcinoma
02
3.0
Total
65
100
Out of total 65 cases, 18 (27.7%) were of meningioma, 12 (18.5%)
were of glioma and 07 (10.8%) were of schwannoma.
Name of Lesion

Table 2: Age wise distribution of CNS lesions.
Sr.
< 12 13 – 40
>40
Name of Lesion
Total
No.
Years Years Years
1
Meningioma
00
07
11
18
2
Craniopharyngioma
01
04
00
05
3
Pitutary Adenoma
00
02
01
03
4
Glioma
00
05
07
12
5 Infection / Inflammation 00
01
03
04
6
Cysts
01
04
01
06
7
Schwannoma
00
04
03
07
8
Neurofibroma
00
00
01
01
9
MPNST
00
01
00
01
Extraskeletal
10
00
00
01
01
Osteosarcoma
11
Hemangioblastoma
00
01
01
02
12
Lymphoma
00
01
00
01
13
Chordoma
01
00
01
02
Metastatic
14
00
00
02
02
Adenocarcinoma
03
30
32
65
Total
(4.6%) (46.2%) (49.2%) (100%)
Out of total 65 cases, 32 (49.2%) were of >40 years old, 30
(46.2%) were between 13 – 40 years old and only 03 (4.6%) cases
were < 12 years old.
Table 3: Sex wise distribution of CNS lesions
Sr. No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14

Name of Lesion
Meningioma
Craniopharyngioma
Pitutary Adenoma
Glioma
Infection / Inflammation
Cysts
Schwannoma
Neurofibroma
MPNST
Extraskeletal Osteosarcoma
Hemangioblastoma
Lymphoma
Chordoma
Metastatic Adenocarcinoma
Total

Male Female
03
15
02
03
01
02
08
04
01
03
02
04
01
06
00
01
00
01
01
00
01
01
01
00
01
01
01
01
23
42
(35.4%) (64.6%)

Total
18
05
03
12
04
06
07
01
01
01
02
01
02
02
65
(100%)

Sr. No.
1
2
3

Name of Lesion
No. of cases
Percentage
Supratentorial
39
60
Infratentorial
13
20
Spinal Canal
13
20
Total
65
100
Out of total 65 cases, majority 39 (60%) cases were located in
supratentorial region followed by 13 (20%) cases each in
infratentorial region and spinal canal.
Table 5: Comparative sensitivity of Squash, Frozen and Combined
Techniques in CNS lesions (54 Cases)
Sr.
No.
1
2
3
4

Name of Lesion

Paraffin
Squash Frozen Combined
Block
14
13
13
14
05
05
05
05
02
02
02
02
11
11
09
11

Meningioma
Craniopharyngioma
Pitutary Adenoma
Glioma
Infection /
5
3
2(1) 2(1)
2(1)
Inflammation
6
Cysts
6
5
6
6
7
Schwannoma
5
5
5
5
8
Neurofibroma
1
1
1
1
9
MPNST
1
1
1
1
Extraskeletal
10
1
1
1
1
Osteosarcoma
11 Hemangioblastoma
2
1(1) 1(1)
1(1)
12
Lymphoma
1
0(1) 0(1)
0(1)
13
Chordoma
1
1
1
1
Metastatic
14
1
1
1
1
Adenocarcinoma
Note: No. shown in ‘( )’ are the discrepant cases.
Sensitivity of individual methods – for squash was 90.74%, for
frozen section was 88.88%. Combination of both of these methods
resulted in increased sensitivity to 94.44%.

Discussion
In the past two decades, the increased need for rapid
diagnosis and the advent of stereotactic procedures have
resulted in either supplementing or replacing the use of
frozen section (FS) study by the cytology technique in
intraoperative consultations [15]. The specimen obtained
during operative procedure will allow for the use of
cytologic techniques coupled with frozen section and can
usually provide a specific and definitive diagnosis.
The soft and edematous nature of neurosurgical specimens
makes it easier to prepare squash smears, and results in FS
being suboptimal due to freezing artifacts. On the other
hand, firm, inflammatory and most metastatic lesions are
better visualized on frozen sections [17]. However, several
studies have noted that both squash smears and frozen
section complement each other and the combination of the
two techniques is beneficial in the intraoperative diagnosis
[18]
.
Over a period of 12 months, the collected data is analysed
and compared with other studies to determine relative
frequency and distribution of CNS lesions in the present
setup along with the accuracy of squash preparation &
frozen section individually as well as when they are used in
combination.
Study by Verma et al. [9] & present study showed
meningiomas as the most common encountered lesions with
gliomas being the second most common lesions. Exactly
opposite results were found by Rao et al. [17] and Mitra et al.

Out of total 65 cases, majority 42 (64.6%) cases were female and
23 (35.4%) cases were male with male to female ratio was 0.55: 1.
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. Pratima et al. [18] found gliomas as the most common
encountered lesions followed by reactive lesions.
In the present study, neoplastic lesions formed the major
category (55/65 cases) and nonneoplastic lesions formed the
minor one (10/65 cases). Similarly, in the study by Narang
et al. [15], neoplastic lesions formed the major group with 62
cases with 13 nonneoplastic cases. Pornsuk et al. [20] found
that 85.5% of cases were neoplastic.
As with Verma et al. [9] and Modi et al. [21], in the present
study, majority of the cases fall among patients over 13
years. Similarly Pratima et al. [18] study showed 17 of the
total 103 cases among patients <20 years and 86 cases
among the patients >20 years of age. In the present study,
the male:female ratio showed preponderance of females.
Similar results were found in the study by Nishant et al. [22],
while Pratima et al. [18], Narang et al. [15] and Pornsuk et al.
[20]
found predominance of males. In this study majority of
the tumors are located in the supratentorial region, which is
consistent with the results of the study done by Verma et al.
[9]
and Modi et al. [4].
When used in combination, the sensitivity of intraoperative
techniques (squash & frozen section) increased as compared
to use of either technique at a time in the present study.
Similar results were found in studies by Narang et al. [15] &
Rani et al. [16]. Pratima et al. [18] found that using the
combination of cytology and frozen section was beneficial
and concordance of intraoperative consultation with final
diagnosis was found in 94% of cases. Similarly Rao et al.
[17]
showed 94% and Di Stefano et al. [23] showed 95.29%
correlation of intraoperative diagnosis with final diagnosis.
Nasir Ud Din et al. [24] & Pornsuk et al. [20] using both frozen
section & cytology smears for intraoperative diagnosis
found accuracy of 94.8% and 89% respectively.
Conclusion
The intraoperative squash smears and frozen sections were
performed from open biopsies and the diagnosis submitted
in each case enabled the neurosurgeons to obtain adequate
resection margins and ultimately establish the post operative therapeutic protocol as well.
All the cases were compared with the paraffin sections of
their respective cases for the purpose of assessing sensitivity
of both (squash cytology & frozen section) individually and
their combined sensitivity. Sensitivity of Squash cytology
technique was 90.74% whereas sensitivity of Frozen section
technique was 88.89% and sensitivity of combined both
techniques was 94.44%. A high diagnostic accuracy was
achieved in the major tumor categories including,
meningomas, gliomas, schwannomas, craniopharyngiomas
and pituitary adenoma.
To conclude, we recommend squash preparation and frozen
section techniques are complementary to each other for
intraoperative diagnosis of CNS lesions, and combined
utility of both these methods yield high diagnostic accuracy.
Importance of this study
This is important to know the purpose of assessing
sensitivity of both (squash cytology & frozen section)
individually and their combined sensitivity.
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