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Cytology of Crush Preparation
in Central Nervous System Lesions

Young Il Yang, M.D., Sul Mi Park, M.D., Young Joo Kim, M.D., and
Shin Kwang Khang, M.D.*

Department of Pathology, Pusan Paik Hospital, Inje University College of Medicine and
Department of Anatomical Pathology, Korea Cancer Center Hospital*

This study was performed in order to evaluate the accuracy and the usefulness of the
cytology of crush preparation in central nervous system (CNS) lesions. Forty four intrao-
perative biopsies were performed at the time of craniotomy including 34 benign and 10
malignant lesions. Crush preparations were prepared from tiny tissue fragments of
craniotomy products. All cases were stained with toluidine biue. Intraoperative diagnoses
made on cytologic examination were compared with the final paraffin section diagnoses.
Comparison between the results of the cytologic and histologic findings revealed an
overall diagnostic accuracy of 88.6%. This study attests to the diagnostic accuracy of cy-
tologic examination in CNS lesions. The detailed cytologic features are described and im-
portant criteria for the cytodiagnosis of CNS lesions are discussed.

This review leads us to think that cytologic examination by crush preparation in CNS le-
sions is considered as a simple, safe and highly diagnostically accurate method.
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Table 2. Comparison between crush cytologic and
histologic diagnoses of benign and malignant lesions

Crush cytologic Histologic diagnosis Total

diagnosis Malignant  Benign
Malignant 10 1 1
Benign 0 33 33
Total 10 34 44

Sensitivity = (10/10)X 100 = 100%

Specificity = (33/34)X 100 = 97.6 %

Overall diagnostic accuracy = (43/44)X 100 =977%
False negative rate = (0/10)X 100 = 0.0%

False positive rate = (1/34)X100 =29%

Table 1. Cytologic and histologic diagnoses on 44 CNS lesions
Intraoperative cytodiagnosis No. of Histologic No. of
on crush preparation cases diagnosis cases
Meningioma 11 Meningioma 11
Pituitary adenoma 5 Pituitary adenoma 5
Oligodendroglioma 4 Oligodendroglioma 5
Metastatic carcinoma 4 Metastatic carcinoma 5
Glioblastoma 3 Glioblastoma 2
Medulloblastoma 2 Medulloblastoma 2
Schwannoma 2 Schwannoma 2
Teratoma 3 Teratoma 2
Craniopharyngioma 1 Craniopharyngioma 2
Reactive gliosis 2 Reactive gliosis 2
Hemangioblastoma 1 Organizing hematoma 1
Anaplastic astrocytoma 2 Anaplastic astrocytoma 1
Optic nerve glioma 1 Optic nerve glioma 1
Ependymoma 1 Ependymoma 1
Oligoastrocytoma 1 Oligoastrocytoma 1
Nommal cortex 1 Nommal cortex 1
Total 44 4
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Table 3. Discrepancies between histologic and
cytologic diagnoses

Histologic Cytologic No. of
diagnosis diagnosis case
Meningioma Hemangioblastoma 1
Oligodendroglioma Glioblastoma 1
Metastatic carcinoma Anaplastic glioma 1
Craniopharyngioma Teratoma 1
Organizing hematoma  Meningioma 1
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Fig. 1. Normal brain tissue. Note the hyperchromat-

ic small nuclei of oligodendrocytes and larger vesicu-
lar nuclei of astrocytes(arrow) in a fibrillary back-
ground. Two capillary vessels are present(arrowhead)
(Toluidine blue, X200). A neuron shows granular cy-
toplasm and a large vesicular nucleus with a prom-
inent nucleolus (inset ) ( Toluidine blue, X 400).

Fig. 2. Benign gliaf hyperplasia. Cellularity is mildly
increased compared to that in Figure 1. The fibrillary
background shows well preserved neuropil (Toluidine
blue, X200). Note the macrophages and dirty fibril-
lary background (inset) (Toluidine blue, X200).
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Fig. 3. Low-grade astrocytoma. Compare the differ-
ence in cellularity with benign glial hyperplasia in Fig-
ure 2. Branching blood vesseis with marginated neo-
plastic astrocytes(Toluidine blue, X200) exhibiting
slightly pleomorphic nuclei and fibrillary cytoplasmic
processes (inset) ( Toluidine blue, X200).
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Fig. 4. Anaplastic astrocytoma. A branching blood
vessel with marginated neoplastic astrocytes and sev-
eral clusters of tumor cells showing nuclear pleomor-
phism ( Toluidine blue, X200).

Fig. b. Glioblastoma. Note a bizarre nucleus of
tumor cell with necrotic debris and macrophages
(Toluidine blue, X200). ’
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Fig. 6. Oligodendroglioma. The smear showing
monotonous cell population and high cellularity with
prominent delicate capillaries(arrow) on low magnifi-
cation (Toluidine blue, X100). The cells are character-
ized by round nuclei with irregular chromatin clump-
ing and conspicuous nucleoli. The cytoplasm displays
perinuclear halo or vacuolated pattern (inset)(Tolui-
dine blue, X400).

Fig. 8. Thick-walled blood vessels with surrounding

monotonous round tumor cells in oligodendroglioma
(H&E, X100).
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Fig. 7. Oligodendroglioma. Large branching blood
vessels without surrounding neoplastic cells ( Toluidine
blue, X200).

Fig. 9. Oligoastrocytoma. Minigemistocytic tumor
cells with abundant granular cytoplasm and eccentric
nuclei intervening delicate capillaries (arrow) (Tolui-
dine blue, X200).
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Fig. 10. Smear of medulloblastoma showing hyper-
cellular background. Hormer-Wright pseudoresette
like structure (arrow) and individual cell necrosis are
noted (A) (Toluidine blue, X200). The tumor cells ex-
hibiting round, hyperchromatic and pleomorphic nu-
clei with inconspicuous cytoplasm. Mitoses are occa-
sionally noted (arrowhead )(B)(Toluidine blue, X 400).
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Fig. 11.
clusters and whorling (arrow) pattern (A) (Toluidine
blue, X200). The nucleus exhibiting round to oval
cytoplasmic nuclear pseudoinclusions (arrow) (B)
(Toluidine blue, X400).

Meningioma. Tumor cells are in sheets,
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Fig. 12. Lower power of a neuriemmoma. Note
large, irregular and thick tissue fragments of tumor
with sharp margin (arrow) (Toluidine biue, X40). The
nuclei exhibiting long, club-shaped, notched appear-
ance (inset ) {Toluidine biue, 00). The nuclei are larger
and more irregular than those of meningioma.

Fig. 13. The histologic finding of a neurilemmoma
exhibiting many artificial clefts (arrow) (H&E, X100).
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Many needle-shaped Kkeratin
debris(arrow) in amorphous granular background
{Toluidine blue, X100).

Fig. 14. Teratoma.
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Fig. 15. Pituitary adenoma. The smear showing
highly cellular and diffuse sheets of small and
uniform dark cells. The nuclei are round and have
speckled chromatin ( Toluidine blue, X 400).
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Fig. 16. The smear of a metastatic carcinoma
showing varying sized; irregular cellular clusters and
individual cells(A)(Toluidine Blue, X40). High mag-
nification of metastatic squamous cell carcinoma(B)
(Toluidine blue, X 400).
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