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INTRODUCTION



Rapid diagnosis is essential for intraoperative management of surgical patients. It is
primarily done for diagnosing tumours and differentiating it from tumour like conditions.
The other role of rapid diagnosis is to ascertain the tumour clearance of the surgical
margin.

Rapid diagnosis of surgical specimen is largely achieved by ‘Frozen Section’ (FS) study.
However, FS study is hindered by some technical difficulties, especially when applied to
neurosurgical specimens. It also needs expensive special equipment - cryostat. To
overcome these problems, it can be complemented by intraoperative cytological
examination. The cytology is a simple technique, very cheap, and yield faster report.

If intraoperative cytology is applied to neurosurgical cases, the diagnosis can be obtained
m about 10 minutes and it will permit reliable intra operative guidance during lesion
targeting and resection. Only in few centres, the cytological examination is practiced
because of its variable accuracy. The accuracy of ¢cytology is predominantly influenced
by the nature of the lesion, method of sampling, method of sample preparation and finally
the availability of expertise.

In Universiti Sains Malaysia (USM), the ‘Neuroscience Department’ is an established
department and the surgery is performed regularly for the neurosurgical cases. However,
an intra operative cytological diagnosis has not been practiced in hospital USM (HUSM)
and so its accuracy is not known.



Objective:

To evaluate cytological diagnosis against the “gold standard’ histopathological diagnosis
and find out its accuracy.



METHODOLOGY



Materials:

This is a prospective evaluation study involving 134 patients who underwent surgery for
intracranial and intraspinal space occupying lesions in HUSM from November 2002 to
October 2005,

Exclusion criteria: Patients underwent surgery for established cases of intracranial
haemorrhage, aneurysm, and arteriovenous malformation (AVM).

Method:

Whenever surgery is undertaken for the neurosurgical cases, the primary researcher visits
the operation theatre. The neurosurgeon will take out the samples from the suspected
area. Usually, from each patient, only one sample will be taken out. If if is found to be
non representative, further samples will be taken out.

From each sample, a small piece of tissue 0.5 — 2mm in diameter is placed at one end of a
glass slide. The tissue is slightly crushed between with a second slide and is moved
rapidly to smear the tissue on the first slide. After the smears are prepared, the slides are
immediately immersed in universal fixative (95% ethyl alcohol) for 2 minutes.

For staining, the slides are immersed in water for 1 minute and stained in haematoxyhn
for 2 minutes. Then the slides are washed in running tap water for 1 minute and dipped
once in liquor ammonia followed by washing in running tap water till the excess dye is
washed off. After that step, the smears stained in eosin for 2 min and the excess dye is
removed by two changes of absolute alcohol. Finally the smears are cleared in xylene and
mounted in synthetic medivm (DPX).

The primary researcher examines those slides, then and there and conveyed the diagnosis
to the surgeons immediately. The remaining specimens are sent to the pathology
laboratory for the “‘Gold standard’ histopathological examination. The on call pathologist,
who is blind folded for the cytology diagnosis, reports the histopathology slides.

Finally, the cytological diagnoses are evaluated against the histopathological diagnosis
and its accuracy is determined.



RESULT



One hundred and thirty-four patients were inctuded in this study. Their age ranged from 1
year to 74 years (Fig. 1). Majority (97.8%) of the patients were Malay, while the
remaining 2.1% were Chinese. Male patients (74) were more in number than the female
patients (60). The male: female ratio was 1.2: 1.
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Fig. 1: Shows almost equal distribution of patients in relation to age.

Regarding topography of the lesions, majority (42 5%) were located in the cerebrum,
followed by cerebellum (12%), sellar region (8.2%), spinal cord (7.5%) pineal gland
(6.7%), ventricles (3%) and other sites. (Tab. 1)

Tab 1: Topography of the lesions found in 134 patients

S. No Site of lesion No. of cases (%)
1. Cerebrum 57 (42.5%)

2. Cerebellum 16 (12%)

3. Sellar & supra sellar region 11 (8.2%)

4. Spinal cord 10 (7.5%)

5. Pineal gland 9(6.7%)

6. Ventricles 4 (3%)

7. Others sites 27 (20.1%)

Total 134 (100%)
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One hundred and eighty samples were taken from those one hundred and thirty four
patients. From 88 patients, only one sample was obtained while two samples from 18

patients, three samples from six patients and four samples from four patients were taken.
(Table. 2)

Tab 2: Number of samples obtained from each patient.

No. of patients No. of samples No. of samples obtained
102 1 104
22 2 44
6 3 18
4 4 16
Total 180

For those 180 cytology samples, the material for histopathology examination could be
obtained only for 151 samples. Hence the cytology — histopathology correlation could not
be made for the remaining 29 samples. (Tab. 3)

Tab. 3: Cytology results of those cases where material for HPE was

unavailable.
Cytology diagnosis No. of cases
Normal 15
Tumour 9
Necrosis 2
No opinion was possible 2
No cellalar material 1
Total cases 29

Over all, complete correlation with the final diagnosis was found in 151 samples (83.9%).
The histological diagnoses made in those 151 samples are shown in table 4.
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Tab. 4: Histological diagnosis of 151 samples
Diagnosis * No. of cases

Meningioma 28
Normal 15
High grade glioma(Ill & IV) 15
Metastasis 13
Nerve sheath tumour 10
Medulloblastoma
Astrocytoma (grade IT)
Pilocytic astrocytoma
Germinoma
Ependymoma
Pituitary adenoma
Necrosis
Oligodendroglioma
Abscess
Craniopharyngioma
Pineocytoma
Haemangioblastoma
Haemangioma
Immature teratoma
Cryptococcal infection
Inflammatory lesion
Tuberculoma
Choroid plexus papilloma
Colloid cyst
DNET
PNET
Chordoma
Chondroma
NHL
No tumour cells seen
No opinion possible
Total
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Among the 151 histologically confirmed samples, 115 cytological diagnoses comrelated
well with the final diagnosis and thus the over all diagnostic accuracy of cytology was
found to be 76.1%.

The common diagnostic entities included meningioma, normal, high grade glioma (grade
OI & IV), metastasis, nerve sheath tumour, medulloblastoma, astrocytoma (grade II),
pilocytic astrocytoma, germinoma, -ependymoma, pituitary adenoma, necrosis and
oligodendroglioma (Fig. 1 to Fig. 6).

There were 15 cases of normal glial tissue diagnosed histologically. None of them were
misdiagnosed in cytology. However, one case of infarction was misdiagnosed as normal
glial tissue in cytology. Though its diagnostic accuracy was 100%, its positive predictive
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value was only 93.75%. No false negative cases were encountered cytologically. Hence
1ts negative predictive value was 100%

There were 28 cases of meningioma, out of which 26 were diagnosed correctly in
cytology. Thus the diagnostic accuracy (92.9%) was very high for meningioma.

There were 15 cases of high grade glioma which included anaplastic astrocytoma and
ghioblastoma. Out of these 15 cases, nine cases were diagnosed cytologically. Among the
remaining six cases, two were misdiagnosed as non Hodgkin lymphoma, other two were
misdiagnosed as low grade astrocytoma and others were diagnosed as ependymoma and
pineoblastoma. The diagnostic accuracy for high grade glioma was only 60%.

Metastasis was diagnosed histologically in 13 cases. Cytology revealed correct diagnosis
in all but one case and thus its diagnostic accuracy was very high (92.3%). One of the
gemistocytic astrocytoma and one of oligodendroglioma were misdiagnosed as
metastasis. Hence its posittve predictive value was 85.7%.

Histologically ten cases of nerve sheath tumours were diagnosed and all of them were
diagnosed correctly in cytology also. Its diagnostic accuracy was the highest (100%).
However, two cases of meningioma were misdiagnosed as nerve sheath tumour. Hence
its positive predictive value is 83.3%.

The diagnostic accuracy appeared low (57.1%) for medulloblastoma. There were seven
cases of medulloblastoma and only four cases were diagnosed cytologically.

On comparing high grade astrocytoma, the diagnostic accuracy appeared better (85.7%)
for grade II tumours which included four cases of fibrillary astrocytoma and two cases of
gemistocytic astrocytoma. Qut of three cases of gemistocytic astrocytoma, one was
diagnosed as metastasis.

Regarding pilocytic astrocytoma, there were six cases and only three were diagnosed
under cytology examination. Two were diagnosed as fibrillary astrocytoma and one was
suspected to be haemangioblastoma. So, its diagnostic accuracy was only 50%.

There were five cases of germinoma and all of them were diagnosed correctly under
cytology. Hence its diagnostic accuracy was 100%. However, ome case of
medulloblastoma was wrongly diagnosed as germinoma under cytology. Hence its
positive predictive value was 83.3%.

There were five cases of ependymoma and only one of them was correctly diagnosed.
Others were misdiagnosed as low grade glioma and medulloblastoma. Two of the cases
histologically diagnosed as medulloblastoma were misdiagnosed as ependymoma. Hence
its diagnostic accuracy (20%) as well as positive predictive value is 71.4%.

There were five cases of pituitary adenoma and only one of them was misdiagnosed as
non Hodgkin lymphoma. Hence, its diagnostic accuracy was 80%.

Five samples showed features of necrosis histologically. Four of them were diagnosed
correctly under cytology while the remaining one was interpreted as normal glial tissue.
Its diagnostic accuracy was 80%. Though samples from many of the tumours showed
features of necrosis apart from tumour cells, the above mentioned four cases did not show
any viable cells.

Four cases are diagnosed as oligodendroglioma histologically and three of them were

diagnosed correctly under cytology. The remaining one case was incorrectly diagnosed as
metastasis. Hence its diaonocte arrnpacy was 75%.
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The common diagnoses and correlation between cytology and the final diagnosis are
shown in table 5. .

Tab. 5: Common diagnoses and correlation between cytology and the final

diagnosis
Diagnosis No. of cases  Correlation
Normal 15 100%
Nerve sheath tumour 10 100%
Germinoma 5 100%
Meningioma 28 92.9%
Metastasis 13 92.3%
Astrocytoma (grade II) 7 85.7%
Pituitary adenoma 5 80%
Necrosis 5 80%
Oligodendroglioma 4 75%
High grade glioma(Ill & I'V) 15 60%
Medulloblastoma 7 57.1%
Pilocytic astrocytoma 6 50%
Ependymoma 5 20%

The less common entities included abscess, craniopharyngioma, pineocytoma,
haemangioblastoma, haemangioma, immature teratoma, cryptococcal infection, and non
specific inflammatory lesion and only two samples were available in each entity.

The very rare entities included tuberculoma, choroid plexus papilloma, colloid cyst,
dysembryoplastic neuroepithelial Tumour (DNET), primitive neuroectodermal tumour

(PNET), chordoma, chondroma and non Hodgkin lymphoma (NHL) and only one sample
was available in each entity.

The misdiagnosed lesions are shown in table 6.

Tab. 6: Cytologically misdiagnosed lesions

Histopathology .

diagnosis Number Misdiagnosed as (Number)
Low grade glioma (2)
High grade glioma (11T 9 Non-Hodgkin lymphoma (2)
&1IV) Pineoblastoma (1
Ependymoma (1)
Medulloblastoma 7 Ependymoma (2)
Germinoma (1)
. . Fibrillary astrocytoma 2)
Pilocytic astrocytoma 6 Haemangioblastoma (1)
__ Fibrillary astrocytoma 2)
Ependymoma > Medulloblastoma (2)
Haemangioma Z Gliosis 2)
Haemangioblastoma 2 Benign spindle cell tumour (2)
. : Granulomatous lesion #))
Cryptococcal infection 2 Taemangichlastoms (1)
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Fig.1: (A) Cytology shows cellular whorling  (B) HP shows typical whorling of cells and
(H&E X 40). psammoma bodies (H&E X 10).

Fig.2: (A) Cytology shows cells
concentrating around the vessels (H&E X (H&E X 10).
40).
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Fig.3: (A) Cytology shows individually (B) HP shows granular cell layer, molecular
dispersed mononuclear granular layer cells layer and Purkinji cells (H&E X 10).
with occasional scattered Purkinji cells (H&E
X 40).
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P o,
Fig.4: (A) Cytology shows cells with
vesicular nuclei containing prominent

nucleoli interspersed with lymphocytes (H&E
X 40).

Fig.5: (A) Cytology shows neuroglal B) HP shows grop of carcinoma cells
background and groups of polygonal cells infiltrating the glia (H&E X 40).
with pleomorphic nuclei (H&E X 40).

W
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Fig.6: (A) Cytology ss acelllﬁar necrotic (B) HP shws necrotic neurons (H&E X
debris (H&E X 40). 40).
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Discussion
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The purpose of this prospective study was to determine the diagnostic accuracy of
intraoperative crush cytology in neurosurgical procedures at a university hospital. In most
of the samples, only one sample was taken. When the first sample showed normal glial
tissue, further two to four samples were taken till a diagnostic area was obtained. In some
cases, the neurosurgeon collected multiple samples, when the lesion appeared
heterogeneous.

The cytological smears are prepared from the samples by different methods (Firik KS
1999). Touch preparation yields less cellularity and is found to be less accurate
(Marshall LF et al 1973). In our study, the smears were prepared by crushing between
two slides as described in other study (Karl R 2002). This method has advantageous in
firm tissues like fibrous meningioma and nerve sheath tumours because, it yielded high
cellularity. Even this method did not yield suitable smears in case of mesenchymal
tumours such as haemangioma and chondroma.

The cytological smears are mostly stained by H&E stain, sometimes by toluidine blue
and rarely by papanicoloau stain (Firlik KS1999, Slowinski J 1999). In our study, H&E
stain was used, as this is routinely used in histopathology examination. This will enable
the pathologist to appreciate the histomorphologicat features in cytology smears also.

Out of 180 samples processed for cytology, HP examination was not available for 29
samples. Because of small size, some of the samples got exhausted on making smears and
could not be processed for HP examination. Of these 29 samples, about 50% were
reported as normal and about 25% were reported as tumour. These cytology results
helped the surgeon in deciding whether they are dealing with normal or pathological area.
The true identities of the remaining 151 samples were ascertained by gold standard HP
examination. It showed wide variety of lesions. Some of the lesions were common while
others were rare as described in other studies. (Karl R 2002).

In various studies, the diagnostic accuracy of intraoperative cytology has been
investigated. The accuracy of cytologic diagnosis as compared to the final histological
diagnosis ranges from 76% to 94% (Marshall LF et al 1973, Slowinski J 1999, Asha
T1989, Berkeley BB 1978, Firlik KS 1999, Bleggi-Torres LF, Karl R 2002). In our study,
the overall accuracy was on lower side ie., 76.1%. This low accuracy could be
multifactorial. First of all, the cytological diagnoses were made solely based on
morphological features. The clinicoradiological features were deliberately avoided by the
pathologist to assess how much the cytology features alone are helpful in arriving at a
diagnosis. The next deterring factor could be the samples being non representative. Some
specimens like mesenchymal tumours are hard to crush and get monolayer sheets of cells
This hinders proper evaluation of smears and arriving at a correct diagnosis. Firlik KS
(1999) has also reported 100% inaccuracy in vascular malformations. Moreover, certain
tumours like ependymoma, non Hodgkin lymphoma and medulloblastoma may have
similar looking cytology features. Similar result was obtained in other study too (Karl R
2002). Lastly, the pathologist has a limited experience in cytology of neurosurgical
specimens. This study was conducted over a period of 2 years, while other studies
conducted over 15 years to 19 years (Kart R 2002, Firlik KS 1999).

The cytological diagnosis was immediately made known to the surgeon while the HP
result took considerable time to reach the surgeon. Hence, the intraoperative diagnosis
was found very useful to the operating surgeon.
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CONCLUSION
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Intraoperative cytologic smears in neurosurgery are easy to perform and inexpensive and
permit reasonably high diagnostic accuraty.

Even very tiny specimens, especially of soft consistency are suitable for this technique,
which is extremely important in operations of tumours localized in funetionally important
brain areas.

The cytological diagnosis could be made based on the presence of characteristic
cytomorophological features. Very high accuracy can be achieved in certain tumours like
nerve sheath tumour, germinoma, meningioma, metastasis, grade II astrocytoma, pituitary
adenoma and oligodendroglioma. However, the accuracy is low in high grade glioma,
medulloblastoma, and ependymoma. In the absence of their diagnostic
cytomorophological featares, the correlation with clinicoradiological features might help
in arriving at a correct diagnosis and increase their diagnostic accuracy.

Further studies involving more number of cases is needed to find out the value of crush
cytology in diagnosing the rare tumours and inflammatory lesions.

In cytology examination, presence of pure mormal glial tissue has high negative
predictive value. This helps in guidance during targeting the lesions including stereotactic
biopsy and also during the resection of infiltrative lesions for definition of tumour
margins.
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