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ANATOMY

◼ Subarachnoid space

◼ Space surrounding the brain and spinal cord

◼ Unlike serous cavities this space contains
approximately 80-100 mL of CSF, sometimes as 
much as 150mL

◼ Lined internally by the pia mater and externally by 
the arachnoid membrane



COLLECTION SITES

Diagnostic Cytopathology, 

Eds. W. Gray and G. Kocjan, 

Fig. 31.18



NORMAL COMPONENTS

◼ LUMBAR COLLECTION SITE

◼ Rare cells: < 5-10 cells per cubic mm

◼ Lymphocytes, monocytes and neutrophils (may
appear more cellular with liquid-based cytology
due to better cell retrieval)

◼ Cells from surrounding tissue

◼ Ependymal cells (small columnar or cuboidal
cells

◼ Arachnoidal cells (in cohesive clusters, similar
to mesothelial cells)

◼ Choroid plexus cells (small, hyperchromatic
round nuclei)



Ependymal cells
(lumbar collection)



Ependymal cells
(subarachnoid hemorrhage)



NORMAL COMPONENTS

◼ VENTRICULAR COLLECTION SITE

◼ Choroid plexus cells (abundant)

◼ Neurons

◼ Capillaries

◼ Sometimes multinucleated giant cells



CONTAMINANTS

◼ Cellular
◼ Squamous cells, meningeal connective tissue

◼ Chondrocytes, muscle cells

◼ Red blood cells & cells from bone marrow (vertebral
body hurted accidentally )

◼ Non-cellular
◼ Talc



Chondrocytes



Meningeal connective tissue



Bone marrow cells



Artificial admixture of blood



NON MALIGNANT ENTITIES

◼ CAUSES OF MENINGITIS/ENCEPHALITIS

◼ Bacterial
◼ Acute inflammatory process with predominance of leukocytes: 

TB, pneumococcus…(low glucose and elevated protein content)

◼ Viral
◼ Subacute inflammatory process with predominance of active 

lymphocytes: CMV, herpes (glucose unchanged and protein
slightly elevated)

◼ Fungal
◼ May be mixed inflammatory pattern depending on patient 

immune status: cryptococcus, aspergillus, candida or others

◼ Rare causes
◼ Parasitic, systemic disease, multiple sclerosis…



Acute bacterial meningitis



Acute bacterial meningitis
(meningococci) 



Early viral meningitis



Subacute meningitis
(tuberculosis)



Macrophage in a patient 
with chronic meningoencephalitis



LEUKEMIAS

◼ Leukemic cells are larger than normal lymphocytes 

◼ Nuclei are irregular and 3D

◼ Mitotic figures can be seen

◼ Nucleoli may be prominent

◼ Cytochemistry, ICC or FCM (better)

Ahluwalia MS, et al. Cancer 2012;118:1747-53



Acute lymphoblastic leukemia



Acute myeloblastic leukemia



LYMPHOMAS

◼ Singly distributed usually monomorphic population of 
cells with high N:C ratio

◼ Nuclei are irregular with clumpy chromatin

◼ Macronucleoli may be present

◼ Mitotic activity may be prominent

◼ ICC or FCM (better)



Immunoblastic lymphoma



Centrocytic lymphoma



Neoplastic lymphoblasts
(effects of intrathecal chemotherapy)



NON HEMATOPOIETIC PRIMARIES 

◼ Gliomas

◼ …



High-grade infiltrating glioma

Cheng-Ying Ho et al. Cancer Cytopathol 2015;123:123-35.

(A) A T1-weighted magnetic resonance image of a 

patient with anaplastic astrocytoma demonstrated 

diffuse contrast enhancement in the subarachnoid 

space of the cerebellum (arrowheads).

(B) Singly dispersed malignant astrocytoma cells

exhibiting hyperchromatic nuclei, amphophilic

cytoplasm (similar in color to the adjacent neutrophil), 

and large perinuclear cytoplasmic vacuoles are shown. 

(C) Large, multinucleated tumor giant cell is shown 

that measured >5 times the size of the adjacent 

neutrophil. 

(D) A highly cellular cerebrospinal fluid specimen with 

metastatic glioblastoma is shown. 

(E) Malignant astrocytoma cells with irregular nuclear 

contour and visible but inconspicuous nucleoli are 

shown 

(B-D: Diff-Quik stain and E: Papanicolaou stain) (B, C,

and E: x400 and D: x200).



Low-grade glioma

Ho CY et al. Cancer Cytopathol 2015;123:123-35.

(A) Disseminated pilocytic astrocytoma appearing as large 

fragments of hypercellular glial tissue is shown.

(B) A T1-weighted magnetic resonance image demonstrating a 

large, well-circumscribed, contrast-enhanced intraventricular

mass in the left lateral ventricle is shown. Note the absence of 

leptomeningeal enhancement. 

(C) Singly dispersed subependymal giant cell astrocytoma cells 

with abundant, amphophilic, vacuolated cytoplasm are shown. 

The red blood cells were overstained for this specimen 

(A and C: Diff-Quik stain, x400).



Astrocytoma (grade III)



CSF involvement 
by a classic ependymoma

Qian X et al. Cancer Cytopathol 2008;114:307–14.

(A) There were scattered, enlarged epithelioid cells with eccentrically located nuclei, small and 
inconspicuous nucleoli, and finely granular cytoplasm. A small lymphocyte was evident in the background 
(Papanicolaou stain)
(B) The corresponding histologic section demonstrated characteristic perivascular pseudorosettes with 
compactly arranged similar epithelioid cells in a fibrillated matrix (H & E stain).



Choroid plexus carcinoma (CPC)

Ho CY et al. Cancer Cytopathol 2015;123:123-35.

(A) A fragment of CPC in papillary formation is shown. 
Note the variability in cell size
(B) A fragment of epithelioid cells is shown
(C) Large cells with hyperchromatic nuclei are noted 
(A-C: Papanicolaou stain; A: x200; B and C: x400).



Germinoma

Ho CY et al. Cancer Cytopathol. 2015;123:123-35.

(A) A T1-weighted magnetic resonance image demonstrated extensive multinodular leptomeningeal contrast 
enhancement in the cerebellum.
(B) Tumor cells with large central nuclei and 1 or 2 conspicuous nucleoli are noted (Papanicolaou stain, x400).



Retinoblastoma

Cheng-Ying Ho et al. Cancer Cytopathol 2015;123:123-35.

(A) Diffuse leptomeningeal enhancement accentuating the cerebral and cerebellar sulci as well as 

outlining the pons is demonstrated

(B) A large cluster of retinoblastoma tumor cells displayed nuclear molding (Diff-Quik stain, x400)



Medulloblastoma

Ho CY et al. Cancer Cytopathol 2015;123:123-35.

(A) A T1-weighted magnetic resonance image showed a contrast-enhancing 
medulloblastoma (indicated by “T”) in the cerebellar vermis. Note the leptomeningeal 
disease presenting as diffuse contrast enhancement within the cerebellar folia, giving it 
a striped appearance. (B) Classic medulloblastoma cells forming a large cluster and 
demonstrating cell membrane blebbing are shown. (C and D) Large cell/anaplastic 
(LCA) medulloblastoma harboring moderate amounts of cytoplasm is shown. (B and C: 
Diff-Quik stain; D: H & E stain (B-E: x400).



METASTASES

◼ Adenocarcinoma

◼ Small cell carcinoma

◼ Malignant melanoma



METASTATIC ADENOCARCINOMAS

◼ Cells usually present singly or in small clusters

◼ Nuclei are irregular, 3D and polarized

◼ Nucleoli are usually present

◼ Cytoplasmic vacuolization may be visible

◼ Lung adk, breast adk…



Metastatic
lung adenocarcinoma



Metastatic
breast adenocarcinoma



Metastatic
renal clear cell carcinoma



Metastatic
ovarian adenocarcinoma



Metastatic small-cell carcinoma of 
the lung



Metastatic melanoma



Metastatic melanoma



CONCLUSION

◼ CSF cytomorphology is still the gold standard for the 
diagnosis of leptomeningeal malignancy

◼ important role of ICC, FCM, molecular tools (NGS)

◼ False-negative CSF cytopathology are common, but can
be minimized by:

◼ withdrawing at least 10mL of CSF

◼ processing the CSF immediately

◼ repeating the procedure once if the initial cytology is
negative

Glantz MJ, et al. Cancer 1998;82:733-39





Flow cytometry

Pittman M, et al. Arch Pathol Lab Med 2013;137:1610-18

Preferred algorithm for sending cerebrospinal fluid for flow cytometry analysis (FCA) 
at our institution. Abbreviations: CVA, cerebrovascular accident; LP, lumbar puncture
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