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PREFACE

This monograph “Essentials of Fluid Cytology”is written for practicing pathologists in
community hospitals, residents in pathology and cytotechnologists who want to have a quick
review of the cytopathology of serous effusions, peritoneal and pelvic washings, cerebrospinal
fluid and urine in neoplastic and nonneoplastic diseases of the kidney and lower urinary tract.
Cytologic manifestations of lesions commonly encountered in day-to-day practice are
discussed and illustrated. In keeping with the goals of the author’s cytology monograph series,
the text is concise and contains only relevant information. Immunohistochemical features of
neoplasms that are important for tumor typing and differential diagnosis are stressed. And for
most lesions, cytologic and histologic images are presented side by side for easy comparison.

For improvement of the future editions of this monograph, comments and suggestions from
the reader will be highly appreciated.

Gia-Khanh Nguyen, M.D.

Surrey, British Columbia, Canada
Email: khanhnguyen1730@hotmail.com
Summer 2009
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Chapter 1

Serous Effusions

Gia-Khanh Nguyen and Thomas A. Thomson

The history of serous effusion cytology can be traced back to the 19" century. Lucke and
Klebs were apparently the first investigators who recognized the presence of malignant cells in
an ascitic fluid in 1867. In 1882 Quincke was credited for detailed descriptions of ovarian and
lung cancer cells in serous effusions. Since that time reports on effusion cytology have started
to appear in the medical literature, and serous effusion cytology now is a routine diagnostic
procedure worldwide. In recent years, with the availability of several commercially available
antibodies, diagnosis and typing of malignant cells in serous fluids has become more reliable,
obviating the time-consuming and expensive electron microscopic examination of effusion cell
blocks.

COLLECTION AND PREPARATION OF CELL SAMPLES

For effusion cytology a proper collection and preparation of cell samples are the prerequisites
for a reliable cytodiagnosis. Serosal fluid samples are obtained by needle aspiration or
evacuation of symptomatic pleural, pericardial or peritoneal effusions to relieve dyspnea or
discomfort. A minimum sample of 20 mL and larger volumes are desirable for cytologic study.
A litre of effusion can yield 0.5 to 1mL of sediment for cell block (CB) preparation.

1. Routine preparation. Fixative is not necessary and there is no significant alteration of cell
morphology noted if the specimen is processed within 12 hr or kept refrigerated at 4° C up to
72 hr. When a longer delay is anticipated, addition of an equal volume of 50% to 95% ethanol
or Saccomanno fixative (50% ethanol and 2% carbowax) is recommended. Addition of a vial
of heparin to fluid a sample will prevent protein precipitation by ethanol, as clotting of a
protein-rich effusion interferes with specimen processing. Routinely, 4 cytologic preparations
(usually called smears) are made by direct smearing of fluid sediment or by cytocentrifugation.
The smears are either fixed in 95% ethanol or air-dried. Fixed smears are stained by the
Papanicolaou technique, with hematoxylin and eosin, and air-dried smears are stained with the
Romanowsky technique or one of its modified methods (Wright, MGG or Diff-Quik methods).
Red blood cells in a bloody smear may be lysed by fixing in Carnoy solution for 3 to 5 min. A
Ficoll- Hypaque solution may be used to separate red blood cells from nucleated cells in a
markedly bloody specimen. The CB obtained by centrifugation is fixed in formalin and
processed as a tissue sample and CB sections are routinely stained with hematoxylin and
eosin.

3. Immunocytochemical staining may be performed on air-dried, ethanol-fixed or formalin-
fixed smears. For smears already stained by the Papanicolaou method, destaining with acid-
alcohol is not necessary prior to IM staining. Histologic sections from a formalin-fixed CB are
the most suitable specimens for IM study by the routine ABC technique.
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4. Electron microscopy. A small portion of about 2 cubic mm of effusion sediment obtained
by centrifugation of a fresh and unfixed fluid sample is fixed in 2% glutaraldehyde and
processed as a tissue fragment for transmission electron microscopic (EM) examination.
Unfixed specimens kept refrigerated at 4° C usually preserve cell morphology for EM study for
about 48 hr. Formalin-fixed and paraffin-embedded CB can be de-waxed and processed for EM
study. Ethanol is not a suitable fixative for this purpose as it destroys cellular ultrastructures.

5. Delay in processing of fresh fluid samples kept in a refrigerator at 4° C up to 14 days
does not cause any remarkable alterations in morphology and IM or molecular characteristic
features of suspended tumor cells, according to Manoska et al. Therefore, residual fluid
samples should be stored in refrigerator for additional diagnostic procedures, if indicated.

TRANSUDATE AND EXUDATE

In healthy individuals the pleural, peritoneal and pericardial cavities are lined by a single layer
of mesothelial cells and contain a small amount of serous fluid. Serous effusions occur when
an excessive amount of fluid accumulates in these cavities. Serous effusions are traditionally
classified into two types: transudate and exudate.

Transudate is caused by changes in osmotic pressure. The most common causes of
transudate are congestive heart failure and hypoproteinemia (cirrhosis, renal failure). A
transudate has a straw-colored appearance, a specific gravity < 1.010, protein contents <
30g/L and a fluid LDH: serum LDH ratio <0.6. It shows a few mesothelial cells and
lymphocytes in routinely stained cytologic preparations.

Exudate is caused by damage to capillary blood vessel walls. The most common etiologies of
exudate include malignancy or inflammation due to infection, acute pancreatitis, pulmonary
infarction, chemotherapy and radiotherapy. An exudate is turbid, purulent or bloody in
appearance and has a specific gravity >1.010, protein contents >30g/L and a fluid LDH:
serum LDH ratio > 0.6. Cytologically, an exudate contains polymorphonuclear leukocytes,
lymphocytes and mesothelial cells. In patients with malignant tumor involving a serosal cavity
the associated effusion usually contains numerous cancer cells.

An atypical mesothelial cell proliferation is common in a chronic or long-standing serous
effusion. This may be secondary to cirrhosis, chronic inflammatory lung diseases, pulmonary
infarction, radiotherapy, chemotherapy, collagen vascular diseases or trauma (e.g. from chest
injury or thoracotomy). The fluid sample usually contains a large number of single and
clustered hyperplastic mesothelial cells. Rarely these mesothelial cells form large
tridimensional, ball-like clusters with some cellular atypia mimicking malignant cells. (Fig. 1.1).
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Fig.1.1. Atypical mesothelial cell proliferation. (Pap, x 400):

A. Hyperplastic mesothelial cells with slightly enlarged nuclei, micronucleoli and a clear
space or “window” between adjacent cells, present singly and in small clusters.

B. Larger clusters of hyperplastic mesothelial cells showing mildly nuclear atypia with
small nucleoli. Small clear spaces between adjacent cells are present.

C. A tight cluster of atypical mesothelial cells with prominent nucleoli.

D. A cluster of highly atypical mesothelial cells showing pleomorphic nuclei, prominent
nucleoli and slight nuclear molding.

The presence of large tridimensional clusters of epithelial-like cells in a pleural effusion is
suggestive of a malignant disease (metastatic adenocarcinoma or mesothelioma). Reactive
mesothelial cells with nuclear atypia (RAMC) may mimic cancer cells from a mesothelioma or
adenocarcinoma. Clustered RAMCs commonly show tight cell junctions and a clear space or
"window" between adjacent cells. RAMCs rarely form large ball-like clusters in pleural
effusions but large cell clusters are more commonly observed in peritoneal and pericardial
effusions. The differential diagnosis between RAMCs and mesothelioma cells or malignant
glandular cells is problematic in routinely stained smears. IM study is helpful in distinguishing
RAMCs from adenocarcinoma cells but has no practical value in separating RAMCs from
mesothelioma cells as these 2 cell types share a common phenotype (positive for calretinin,
CK5/6, mesothelin and Wilms tumor gene product - 1 (WT-1) and negative with CEA, MOC-31
and Ber-Ep4 antibodies). Malignant glandular cells usually have the inverse phenotype:
positive for CEA, MOC-31 and Ber-Ep4 and negative for calretinin, CK5/6, mesothelin,
podoplanin (D2-40) and WT-1. According to some studies staining with p53 antibody may be
useful in distinguishing RAMCs from mesothelioma cells as malignant cells may express p53
and reactive cells may not. Some investigators have found that RAMCs react weakly or
negatively with EMA antibody while mesothelioma cells show a strong membranous reaction.
According to Saleh et al. malignant effusions have a Ki-67 (MIB1) immunostain labeling index
value > 20% in 82% of cases while the index value of benign effusions is <5%. In equivocal
cases, biopsy of serosal lesions for histologic evaluation is necessary.

12



NEOPLASTIC DISEASES

The serosa lining a body cavity can harbor an epithelial or non-epithelial malignancy. The most
common cancer involving a serosal cavity is a metastatic cancer. Among primary malignant
tumors of the serosa, mesothelioma is the most important one.

A. MESOTHELIOMA

Malignant mesothelioma, also known as mesothelioma, is a rare malignant serosal neoplasm
that is commonly related to occupational asbestos exposure. Other potential etiologies include
chronic inflammation, organic chemicals, non-asbestos mineral fibers, irradiation and genetic
factors. About 75% of patients are men between 50 and 70 years of ages, and almost all
patients die of the disease within 6 to12 months after the diagnosis. Mesothelioma most
commonly arises in the pleural cavity. Peritoneal mesothelioma accounts for 1% to 10% of all
cases, and the tumor rarely arises in the pericardium or tunica vaginalis.

Histopathology, Immunohistochemistry and Ultrastructure

Four main histologic types of mesothelioma are encountered: epithelial, sarcomatous,
desmoplastic and mixed tumors. Epithelial mesothelioma (EM) is the most common tumor
type, accounting for about 50% of all cases while sarcomatous and mixed mesotheliomas
account for 15% to 20% and 25% to 30% of cases, respectively.

Histologically, an EM consists of tumor cells with variable degrees of anaplasia arranged in
tubulopapillary, adenomatoid (microglandular) or solid pattern. Four rare histologic subtypes of
EM are adenomatoid, deciduoid, small cell and clear cell mesotheliomas. A sarcomatous
mesothelioma is characterized by spindle malignant cells arranged in a nonspecific pattern. A
mixed mesothelioma is composed of epithelial and sarcomatous elements and areas showing a
transition between these two cellular elements may be observed. (Fig.1.2 and Fig.1.3)

By IM, EM cells usually stain positively for pan cytokeratins, CK5/6, vimentin, calretinin,
podoplanin (D2-40), HBME, EMA and WT-1 and react negatively with epithelial antibodies such
as CEA, MOC-31 and Ber-Ep4. Sarcomatous mesothelioma cells usually express vimentin and
cytokeratin. By electron microscopy, cells of an EM show desmosomes, intracytoplasmic and
perinuclear bundles of intermediate filaments and numerous filamentous microvilli without
dense core rootlets and with a length:diameter ratio >12, and intracytoplasmic mucous
granules are not identified.
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Fig. 1.2. Four main histologic types of mesothelioma. (HE, x 200).
A. Epithelial mesothelioma

B. Sarcomatous mesothelioma.
C. Desmoplastic mesothelioma.
D. Mixed mesothelioma.
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Fig. 1.3. A. Adenomatoid mesothelioma showing tumor cells with extensive cytoplasmic
vacuolar change. B. Deciduoid mesothelioma consisting of tumor cells resembling deciduoid
cells in pregnancy. (HE: A and B, x 200).

Cytology of mesothelioma

Epithelial and mixed mesotheliomas account for about 90% of all pleural and peritoneal
primary tumors. Both neoplasms are commonly associated with a serous effusion.
Sarcomatous and desmoplastic mesotheliomas are usually not associated with an effusion.
Serous effusions in patients with epithelial and mixed mesotheliomas are usually cellular and
show numerous EM cells that often display a wide range of nuclear changes, ranging from
mild to marked atypia to frank malignancy. In about 10% of cases the effusions are acellular
or contain only rare benign reactive mesothelial cells. Sarcomatous cells in a mixed
mesothelioma and cells of a sarcomatous or desmoplastic mesothelioma do not usually and
spontaneously exfoliate into associated effusions.

The cytodiagnosis of EM in serous effusion requires first to cytologically diagnosis malignancy and
then to identify mesothelial features/differentiation of the cancer cells present.

In about 50% of cases, cells from an epithelial or mixed mesothelioma occur singly, in small groups
and in large tridimensional ball-like clusters consisting of up to several hundred cells. In about 25%
of cases the tumor cells occur predominantly in tridimensional clusters with very few cells present
singly and in small clusters. In the remaining 25% of cases the tumor cells occur predominantly

singly.

From the cytodiagnostic point of view an EM can be suspected in about 60% of cases by
examination of routinely stained cytologic preparations. Classic cytologic manifestations of an EM
consist of malignant cells showing the following features (Fig. 1.4 to Fig. 1.7):

1. Tumor cells occur singly, in small groups or clusters, as well as in large tridimensional
clusters (>50 cells). Large cell clusters have smooth and lobulated contours.
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2. Tumor cells are usually large and resemble normal mesothelial cells exceptthey
have larger nuclei, prominent nucleoli and show a spectrum of nuclear changes ranging
from benign to atypical to malignant. The presence of two distinct cell populations, one
benign and the other malignant, as seen in metastatic cancers, is not obviously present.

3. Small tumor cell clusters commonly show "cell-embracing-cell”, "push-in" cell
junctions and a clear space or "window ” between two adjacent cells.

4. Thick papillary tumor tissue fragments with or without fibrovascular cores may be
seen and are highly suggestive of an EM.

5. Tumor cells have a thick endoplasm and a fuzzy ectoplasm that is due to the
presence of long filamentous microvilli on free cell surfaces.

An adenomatoid mesothelioma may exfoliate cells with extensive cytoplasmic vacuolization,
mimicking cells from a mucus-secreting adenocarcinoma or signet-ring cell carcinoma. (Fig.
1.8).
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Fig. 1.4. Classic cytologic manifestations of EM in associated serous effusions:

A. Numerous tumor cells present in large and small three dimensional and papillary clusters,
in small groups and singly. (Pap, x 100).

B. Malignant epithelial-like cells present singly and in one medium-sized, ball-like cluster
consisting of about 50 cells. (Pap, x 500).

C. Malignant tumor cells singly and in small clusters showing "“cell-embracing-cell”
arrangement. A spectrum of nuclear changes ranging from mild to moderate atypias and
malignant is observed. (Pap, x 500).

D. Single and clustered EM cells with mild and moderate atypias. Clear spaces or “windows”
are present between 2 adjacent cells. (Pap, x 500).
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Fig. 1.5. EM cells present predominantly in large ball-like clusters (A), papillary structures (B
and C) and in thick lobulated cohesive clusters (D). (Pap: A, x 200; B, x 40; C and D, x 400).

Fig. 1.6. EM cells present predominantly singly in A and B. (Pap, x 400)
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Fig. 1.7. Small clusters of pleomorphic malignant tumor cells showing thick endoplasm
and fuzzy ectoplasm. Long filamentous microvilli are seen on free cell surfaces. A small
“window” is present between 2 adjacent cells in A. (Pap: A and B, x 1,000).
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Fig. 1.8. Single and clustered tumor cells with extensive cytoplasmic vacuolization
from 2 cases of adenomatoid mesothelioma. (Pap: A, x100; B and C, x500).

Cell block. CB from an effusion secondary to an EM may reveal papillary tumor tissue
fragments with fibrovascular cores covered with a single layer of tumor cells. This rare and
interesting finding is highly suggestive of an EM. (Fig.1.9).

Fig.1.9. Papillary tumor tissue fragments in a CB section prepared from serous
effusion associated with a pleural EM. (HE, x 250).

22



Immunohistochemistry

Because in the majority of cases the cytologic manifestations of an EM mimic those of a
metastatic adenocarcinoma to the serosa, it is important to rule out, by IM studies, an
adenocarcinoma. Important IM characteristic features of EM cells consist of a lack of
expression of epithelial antigens such as CEA, MOC-31, Ber-Ep4 and the presence of
mesothelioma antigens such as HBME-1, calretinin, CK5/6, podoplanin and WT-1. According
to Ordonez, a combination of 2 positive markers (calretinin, CK5/6, WT-1) and 2 negative
markers (CEA, MOC-31, Ber-Ep4) is adequate for a firm diagnosis of EM. (Fig. 1.10).




NN . > D
Fig. 1.10. Immunohistochemistry of effusion CB in EM:

A. Tumor cell cytoplasm reacts negatively with CEA antibody. (ABC, x 250).

B. Tumor cells show strong cytoplasmic reaction to calretinin antibody. (ABC, x 250).
C. Strong, thick, membranous positive staining with spiking pattern with EMA antibody,
reflecting the presence of long microvilli on tumor cell surfaces (ABC, x 250).

D. EM cells showing positive nuclear staining to WT-1 antibody (ABC, x 250).

=

Cytodiagnostic accuracy

Cytodiagnostic accuracy of EM in reported series varies widely, ranging from 32% to 93%,
according to the literature review by Whitaker et al. In Whitaker’s experience, with adequate
IM study, a cytodiagnostic accuracy of mesothelioma as high as 80% may be reached, and
the predictive value of a positive diagnosis of mesothelioma in serous effusions is 100%.
With reliable commercial antibodies, electron microscopic study of effusion CB now is rarely
necessary to identify mesothelioma cells. However, when IM results are equivocal,
ultrastructural study of the tumor cells is needed for further confirmation. For a more
comprehensive discussion on value and limitations of different antibodies used in the IM
diagnosis of mesothelioma the reader is referred to the 4 articles by Ordonez, Leong and
Vernon-Roberts, Suster and Moran and Husain et al.

B. PRIMARY EFFUSION LYMPHOMA

This large B-cell neoplasm presents as a serous effusion without detectable tumor masses. It
is associated with human herpes virus 8(HHV8)/Kaposi sarcoma herpes virus (KSHV) and it
usually occurs in patients with immunodeficiency. Most patients are young to middle aged
homosexual males with HIV infection. However, cases with HIV-negative allograft receipients,
particularly after cardiac transplantation, have been documented. The most common sites of
tumor involvement are pleural, peritoneal and pericardial serosal cavities. Typically only one
cavity is affected. The disease is highly aggressive and most patients died within one year.

Cytologically, the tumor cells in the effusion consist of dyshesive, large malignant lymphoid
cells with immunoblastic features, prominent nucleoli and mitosis. (Fig. 1.11). Markedly

24



pleomorphic tumor cells may be observed in some cases. The cells typically express leukocyte
common antigen (CD45), CD30 and plasma cell-related markers (CD38 and CD138), and they
are usually negative for pan-B-cell markers such as CD19, CD20 and CD79a. The nuclei are

positive for HHV8/KSHV-associated latent protein, and this expression confirms the diagnosis.

Fig. 1.11. Malignant lymphoid cells with prominent nucleoli from a case of primary
effusion lymphoma. (Pap, x 500).

C. METASTATIC CANCERS

The difficulty in cytodiagnosis of malignant effusion varies from case to case. If the primary
cancer is known the diagnosis is usually straightforward. However, diagnosis of a metastatic
adenocarcinoma of unknown primary by effusion cytology is often challenging and requires a
careful clinicopathological correlation and extensive IM studies.

In men, malignant pleural effusions are most commonly caused by lung cancer, followed by
lymphoma and gastrointestinal malignancies. In women, they are most frequently caused by
metastatic breast cancer, followed in decreasing order by lung cancer, ovarian cancer and
gastrointestinal cancer. In the United States, about 1% of malignant pleural effusions are
caused by mesothelioma.

In men, malignant ascitis is most commonly caused by gastrointestinal cancer followed by lung
cancer and lymphoma. In women ovarian cancer is the commonest cause followed by breast
and gastrointestinal malignancies.

Malignant pleural effusion of unknown primary is most commonly secondary to a lung cancer
in both men and women. In about 15% of malignant ascites the primary cancer is occult at
initial investigation. Of these over 50% are caused by a clinically occult ovarian cancer in
women. Cancers arising from the pancreas, gallbladder, prostate and urinary bladder are
rarely associated with a malignant ascitis. Breast cancer is the most common malignancy in
women and it rarely manifests initially as a pleural malignant effusion of unknown primary.
Lymphoma, melanoma and mesothelioma may also present initially as a malignant pleural
effusion of unknown primary.

25



Regarding the histologic types of malignant effusions, adenocarcinoma is the most common
tumor followed by lymphoma, large cell carcinoma, squamous cell carcinoma, small cell
carcinoma, mesothelioma and sarcoma. Diagnosis of a malignant effusion of unknown or
occult primary is challenging but the identification of the primary tumor is nhow more successful
thanks to advances in diagnostic imaging techniques and commercially available high-quality
antibodies.

Cytologic Findings in Metastatic Cancers

Common cytologic features of most metastatic malignancies in serous effusions include
increased cellularity and a distinct non-mesothelial population of enlarged cells that have
enlarged nuclei with irregular nuclear contours, high nuclear:cytoplasmic ratio, coarse
chromatin, multiple prominent nucleoli, increased mitosis, atypical mitosis and presence of
tridimensional tumor cell clusters.

Routinely stained smears of malignant effusions with well-differentiated cancer may permit a
proper classification of the cancer cells into 4 broad categories: epithelial, lymphomatous,
melanocytic and sarcomatous malignancies. Among the carcinomas, tumor cells with
squamous or glandular differentiation and anaplastic cancers of small and large cell types can
be cytologically typed with confidence in the majority of cases. In the case of a poorly
differentiated or undifferentiated cancer, IM studies are needed for a more accurate tumor
typing. By staining with antibodies to S-100, HMB-45, AE1/AE3, calretinin, MOC-31, CEA, LCA
and vimentin, poorly differentiated cancer cells may be classified into 5 cell lines:
lymphomatous, melanocytic, epithelial, mesothelial and sarcomatous. According to Dabbs, a
coordinate staining of epithelial cells with CK7/CK20 antibodies will further divide them into 4
different categories, each with only a few cancer types.

1. CK7+ and CK20+: Urothelial carcinoma and ovarian mucinous carcinoma.

2. CK7+ and CK20-: Carcinomas of lung (small cell, non-small cell and non-squamous),
breast, ovary (serous type), endometrium and thyroid; germ cell
tumors and epithelial mesothelioma.

3. CK7- and CK20-: Squamous cell, prostatic, renal cell and hepatocellular carcinomas.

4. CK7- and CK20+: Colorectal and Merkel cell carcinomas.

Additional IM expressions of some cell markers by metastatic carcinoma cells may further

confirm the anatomic sites of their primary cancers. These specific antigenic expressions will

be mentioned in each carcinoma discussed below.

Carcinomas arising from certain anatomic sites may have some specific cytologic

manifestations in serous effusions. However, cells exfoliated from metastatic

adenocarcinomas often display considerable overlapping features. Therefore, IM studies are
extremely important in these situations.
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Malignant Epithelial Tumors

Bronchogenic Carcinoma

Bronchogenic cancers account for about 30% of all pleural malignant effusions, and
adenocarcinoma is the most common tumor. Lung carcinoma (small cell and non small cell)
cells express CK7, CEA and TTF-1. Cells derived from a squamous cell carcinoma are an
exception to those IM features although a small number of squamous cell carcinomas are CK7
positive.

1. Adenocarcinoma. Cells exfoliated from a bronchogenic adenocarcinoma tend to occur
singly and in irregular clusters and show prominent nucleoli, cytoplasmic vacuolization; and
multinucleation may be seen. (Fig. 1.12 and Fig. 1.13)

- ¥ | B
Fig. 1.12. Pleural effusion in a bronchogenic adenocarcinoma showing single and
clustered malignant glandular cells. (Pap: A, x 400; Diff-Quik: B, x 400).
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Fig.1.13. Immunohistochemistry of bronchogenic adenocarcinoma:
A. Tumor cells in CB showing a strong cytoplasmic reaction to CEA antibody.
B. Tumor cell nuclei in CB stain positively with TTF-1 antibody.
(ABC: A, x 250; B x 400).

As reactive mesothelium, EM and lung adenocarcinoma share some common cytologic
features in serous effusions, the differential diagnosis between these 3 lesions is challenging
and usually requires some ancillary tests for further confirmation.

Some commonly encountered cytologic, immunohistochemical and ultrastructural features of
EM, lung adenocarcinoma and reactive mesothelium are tabulated in Table 1.1 below:
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Table 1.1: Comparative Cytologic Manifestations of Reactive Mesothelium, Epithelial
Mesothelioma and Bronchogenic Adenocarcinoma in Serous Effusions

CELLULAR REACTIVE EPITHELIAL BRONCHOGENIC
FEATURES MESOTHELIUM MESOTHELIOMA ADENOCARCINOMA
Architecture: -Singly, common -Large cohesive -Singly, rare
-Monolayered clusters with -Tight multilayered,
sheets lobulated borders 3-dimensional

-Loose groups with

“windows”

-Small tight clusters
with “windows” and
“push-in” junctions

clusters with
smooth borders

Cells:
-Configuration: -Polygonal, round -Polygonal, round -Polygonal, round
-Cytoplasm: -Well-defined -Well-defined -Ill-defined
-Foamy or -Dense ectoplasm -Vacuolated
homogenous -Fuzzy periphery
-Nucleus:
-Anisonucleosis - + +
-Irregular contours - + +
-Molding - + +
-Chromatin Fine Fine or coarse Coarse
-Nucleolus Small Small or large Large, single, multiple
Staining
characteristics:
- Mucicarmine - - -
- Calretinin, CK5/6,
D2-40, Mesothelin,
WT-1 + + -
- CEA, MOC-31,
Ber-Ep4, TTF-1 - - +
- Desmin + +/- -
- EMA +, periphery ++, fuzzy, periphery +, periphery
- GLUT-1 - + +/-
Ultrastructure:
- Long microvilli, with
L:D >12 + + -
- Intracytoplasmic
mucous granules - - +
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A bronchioloalveolar carcinoma invading the overlaying pleura exfoliates single and clustered
malignant glandular cells in associated effusion. Tumor cells with “cell-embracing-cell”
arrangement may be present. (Fig.1.14).

Fig.1.14. A bronchioloalveolar carcinoma showing single and clustered malignant
glandular cells. A “cell-embracing-cell” arrangement is present in a small cell cluster at
the center of figure B and 2 reactive mesothelial cells with a “window” between them
cells are also seen. (Pap: A, x 100; B, x 400).

Bronchioloalveolar cell carcinoma arising from type II pneumocytes shows clustered
pleomorphic malignant glandular cells with vacuolated cytoplasm that reacts negatively with
mucicarmine and PAS reagent. Ultrastructural study of the effusion CB revealed
intracytoplasmic inclusions with “myelin figures” suggesting surfactant and confirming
pneumocyte type II origin. (Fig. 11.15)
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Fig.1.15: A. A cluster of pleomorphic malignant glandular cells in pleural effusion
associated with a bronchioloalveolar cell carcinoma. (Diff-Quik, x 800).

B. Intracytoplasmic inclusion with “concentric myelin figure” suggesting that the tumor
arises from pneumocytes type II. (Uranyl acetate and lead citrate stain, x 18,000).

2. Large cell carcinoma yields single, large pleomorphic cells. The tumor cells display
enlarged nuclei, coarse chromatin and prominent single or multiple nucleoli. (Fig.1.16).
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F|g 1.16. Isolated pIeomorphlc malignant cells with prominent nucleoli from a
bronchogenic large cell carcinoma. (Pap, x 500).

3. Squamous cell carcinoma rarely exfoliates cells into an associated effusion. Cells from a
well-differentiated or keratinizing tumor are usually present singly and in small clusters, and
show a dense, “hard”, eosinophilic cytoplasm suggesting keratin formation. (Fig. 1.17). Cells
from a non-keratinizing or poorly differentiated tumor are commonly seen in large syncytial
clusters and show a thin, ill-defined cytoplasm. However, single tumor cells with dense and
thick or thin cytoplasm are noted in some cases of the poorly differentiated tumor. (Fig. 1.18
to Fig. 1.19). In other cases cells exfoliated from a poorly differentiated tumor shows cells
indistinguishable from those of a lung adenocarcinoma. Neoplastic squamous cells are usually
negative for CK7/CK20 and TTF-1 and positive for CK5/6 and p63.

F]g 1.17. Pleural effusion from a metastatlc well-differentiated squamous cell
carcinoma showing single and clustered malignant squamous cells with keratinized
cytoplasm. (Pap, x 500).
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Fig. 1.18. Pleural effusion from a metastatic poorly differentiated squamous cell
carcinoma showing large irregular syncytial clusters of non-keratinizing cells. (Pap, x
250).

Fig. 1.19. Pleural effusion from a metastatic poorly differentiated squamous cell
carcinoma, small cell type, showing small tumor cells with hyperchromatic nuclei
present singly and in small clusters. (Pap, x 400).

4. Small cell carcinoma (SCC) cells are small, cuboidal cells with scant cytoplasm and
small, round nuclei with stippled (“salt and pepper”) chromatin and inconspicuous nucleoli.
They are seen arranged in chains or clusters with nuclear molding. (Fig.1.20). In some cases
the tumor cells are larger (SCC of intermediate cell type) and show conspicuous nucleoli,
mimicking those of a non-small cell lung carcinoma. Rarely, cells from an SCC are present in
large tridimensional clusters and loosely large aggregates, readily mistaken for those of a
non-SCC. (Fig. 1.21). Cells derived from a lung SCC commonly express neuroendocrine
markers (neuron-specific enolase, chromogranin, synaptophysin and CD56) and TTF-1.
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Fig. 1.20. Small cell carcinoma showing clustered small tumor cells with scant
cytoplasm, hyperchromatic nuclei and nuclear molding. (Pap: A and B, x 400).
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Fig. 1.21. Pleural effusion from a small cell carcinoma showing:

A. abundant tumor cells singly and in large ball-like clusters.

B. Aggregated tumor cells with nuclear features of a small-cell lung cancer.
(Pap: A, x 100; B, x 500)

Breast Carcinoma

Metastatic breast carcinoma is responsible for about 25% of all malignant pleural effusions.
Tumor cells from a ductal carcinoma are usually monomorphic, have irregular nuclei, multiple
nucleoli and a non-vacuolated cytoplasm. They may resemble reactive and atypical
mesothelial cells, and they are typically seen in abundant three-dimensional, large cell balls or
morulae (>50 cells) and papillae. (Fig. 1.22 and Fig. 1.23). In some cases the tumor cells are
present singly. (Fig. 1.24). These cells are CK7 positive, CK20 negative and often express ER,
PR and Gross cystic disease fluid proteins.
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Fig.1.22. Pleural effusion from metastatic mammary duct carcinoma showing single

and clustered monomorphic glandular cells. Tumor cells in linear arrangement are seen
in A. (Pap: A, x 100; B, x 400).

B

Fig. 1.23. Pleural effusion from a metastatic mammary duct carcinoma showing in A
tumor cells with prominent nucleoli in a tight “ball-like” cluster and a linear row of
three cells, and in B a tumor ball in a cell block section. (Pap: A,x 400, H&E:B,x 400).
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Fig. 1.24. A. Large malignant glandular cells from a metastatic mammary duct
carcinoma showing predominantly single cells with clear spaces or “*windows” between
adjacent tumor cells mimicking mesothelioma cells. (Pap, x 500).

B. IM stain on cell block section showing a membranous pattern with Ber-Ep4
antibody. (ABC, x 400). C. Positive reaction of tumor cell nuclei with Estrogen receptor
antibody. (ABC, x500).
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Metastatic /obular carcinoma of the breast usually shows small epithelial tumor cells with
hyperchromatic nuclei that are present singly and in small chains. Single intracytoplasmic
vacuoles containing mucinous droplets compressing tumor cell nuclei are seen. The cancer
cells may be mistaken for cells derived from a metastatic signet-ring cell carcinoma. Their IM
expressions are similar to those of a mammary ductal carcinoma.

Gastrointestinal Carcinoma

Well- and moderately differentiated gastrointestinal adenocarcinomas usually show in
effusions cohesive clusters of malignant glandular cells with intracytoplasmic vacuoles
admixed with single tumor cells with similar features. A poorly differentiated adenocarcinoma
yields large cells with vacuolated cytoplasm, pleomorphic nuclei and prominent nucleoli
dispersed singly and in small clusters. (Fig.1.25).

A '_

Fig.1.25. Poorly differentiated gastric adenocarcinoma in ascitic fluid showing single
and clustered malignant glandular cells with prominent nucleoli. Some tumor cells have
a large intracytoplasmic vacuole pushing their nuclei to the cell periphery, creating
malignant signet-ring cells. (Pap, x500).
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Single malignant glandular cells with signet-ring configuration are most commonly derived
from a diffuse carcinoma or signet-ring cell carcinoma of the stomach. (Fig. 1.26).

Fig. 1.26. Diffuse gastric carcinoma:

A. A loose cluster of tumor cells with intracytoplasmic mucous vacuoles. (Pap,x500).
B. Positive IM reaction with CEA-monoclonal antibody of tumor cell cytoplasm. (ABC,x
400)
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Adenocarcinoma of the appendix is the most common cause of mucinous ascitis
(pseudomyxoma peritonei). The peritoneal effusion displays thick mucinous material,
clustered malignant epithelial cells and proliferated capillary blood vessels. (Fig. 1.27).

A

Y

. __ B

Fig. 1.27. Pseudomyxoma peritonei secondary to an appendiceal adenocarcinoma:
A. A small cluster of malignant epithelial cells in a mucinous background.

B. Proliferated capillary blood vessels. (Pap: A and B, x 400).

(Pap, A and B, x 400).
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Ovarian Carcinoma

Tumor cells derived from a serous carcinoma of the ovary are typically seen in papillary
clusters, and psammoma bodies are often present. (Fig. 1.28). It should be born in mind that
cytologic materials from a papillary carcinoma of the lung and thyroid may also show
psammoma bodies.

’ B
Fig. 1.28 Metastatic ovarian serous carcinoma showing papillary clusters of tumor cells
containing a laminated psammoma body. (Pap: A, x 100; B, x400)

A mucinous carcinoma shows clustered tumor cells with vacuolated cytoplasm in a
background of mucin. (Fig. 1.29). Cells derived from a serous ovarian carcinoma are Ber-Ep4,
WT-1 and CK7 positive and CK20 negative while those of a mucinous ovarian carcinoma are
CK7 and CK20 positive and rarely express WT-1.
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Fig.1.29. Mucinous ovarian carcinoma metastatic to the pericardium showing:
A. Large tridimensional clusters of tumor cells in a mucinous background.
B. Tumor cells with intracytoplasmic mucous are seen at higher magnification.
(Pap: A, x 100; B, x 400).

Other Carcinomas

Urothelial carcinoma, high-grade of the urinary tract exfoliates its cells singly and in
cohesive clusters. The tumor cells show granular, well-defined cytoplasm, oval nuclei,
granular chromatin and prominent nucleoli. (Fig.1.30). These cells express CK7 and CK20,
uroplakin, thrombomodulin and p63.
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Fig.1.30 A cohesive cluster of malignant epithelial cells with thick, granular cytoplasm
from a metastatic high-grade urothelial carcinoma. (Pap, x 500)

Hepatocellular Carcinoma exfoliates single or clustered large, polygonal malignant cells
with abundant, granular cytoplasm and large, oval nuclei with macronucleoli. These cells may
show intracytoplasmic bile pigment granules, intercellular bile plugs and intracytoplasmic
globular inclusions. The tumor cell cytoplasm stains negatively with CK7/CK20 and positively
with Heparl and alpha-fetoprotein antibodies.

Renal Cell Carcinoma of clear cell type yields cohesive tumor cell clusters with clear or
granular cytoplasm and oval, large nuclei with prominent nucleoli. The tumor cells express
pan-cytokeratin, EMA, vimentin, renal cell carcinoma antigen and PAX-2 but are CK7/CK20
negative. (Fig. 1.31).
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Fig.1.31 Metastatic renal cell carcinoma to the pleura showing in associated effusion
clustered malignant cells with clear cytoplasm and prominent nucleoli. (Pap: A,x 500;
HE: cell block, x 250).

Neuroendocrine Carcinoma may arise from the bronchial tree, pancreas, bowels and
several other anatomic sites. It exfoliates medium-sized polygonal cells with oval nuclei with
stipple chromatin, conspicuous nucleoli and granular cytoplasm. They are commonly present
in groups and large clusters with moderate cohesiveness. Nuclear molding may be observed.
The cell cytoplasm is CK7 positive, CK20 negative and expresses NSE, synaptophysin and
chromogranin.

Germ Cell Neoplasms usually arise from the testicles in man and ovaries in woman. They
are a group of tumors of different histologic types, and except for mature teratoma.
(Fig.1.32). They are generally positive for CK7 and placental alkaline phosphatase and
negative for CK20 and EMA. Endodermal sinus tumor (yolk sac tumor) cells show, in addition,
a positive reaction with alpha-fetoprotein antibody. Choriocarcinoma cells express human
chorionic gonadotrophin and CK7. Embryonal carcinoma cells express pancytokeratins, CD30
and OCT4. Seminoma/dysgerminoma cells are OCT4 positive and keratin negative.
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Fig. 1.32 Peritoneal fluid from a young woman with a ruptured ovarian dermoid cyst
(mature teratoma) reveals fluid with superficial and anucleate squamous cells.
Squamous cells, in small numbers, are usually represent a contaminant but can be

tumor related. (Diff-Quik, x 100).

A metastatic dysgerminoma to the lung shows in pleural effusion single and loosely clustered
large malignant cells with variable, defined cytoplasm and large, round or oval nuclei with

prominent nucleoli. (Fig. 1.33).

§

Fig.1.33 Dysgerminoma metastatic to the lung showing in pleural effusion single and
loosely clustered malignant tumor cells with prominent nucleoli. (Pap, x 500).
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Malignant Non-epithelial Tumors

Lymphoma and Leukemia. These tumors are the commonest non-epithelial malignant
tumors associated with a positive effusion. Hodgkin lymphoma, depending on its histologic
variant, may exfoliate lymphocytes and eosinophils in addition to its diagnostic Reed-
Sternberg cells. (Fig.1.34).

w v
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Fig.1.34. Hodgkin disease involving the pleura showing in associated effusion
numerous benign lymphoid cells and 2 Reed-Sternberg cells. (Pap, x 500).

NonHodgkin lymphomas shed tumor cells varying from benign-appearing lymphoid cells
similar to matures lymphocytes in small lymphocytic lymphoma/ chronic lymphocytic leukemia
to atypical enlarged lymphoid cells with nuclear indentations and protrusions in higher grade
lymphomas. (Fig.1.35). In acute leukemia blast cells may be present. Cells of a chronic
myelogenous leukemia consist of mature and immature myelogenous cells without a
"leukemic hiatus", as seen in an acute myelogenous leukemia.
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Fig.1.35. NonHodgkin lymphoma:

A. Effusion is usually highly cellular with dispersed single tumor cells.

B. Low-grade tumor showing cells with mildly nuclear atypia.

C. High-grade tumor showing large cells with pleomorphic nuclei and vacuolated
cytoplasm. (Diff-Quik: A, x 100; B and C, x 400).
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Multiple myeloma involving the pleura shows single cancer cells with eccentrically located
nuclei with cart-wheel chromatin clumping. (Fig. 1.36).
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Fig. 1.36. -A. Neoplastic plasma céils with eccentrically located nuclei. (Pap, x 400).
B. Neoplastic plasmablasts in a pleural fluid. (MGG x 500)
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Melanoma cells may occur singly and in cohesive clusters. Intracytoplasmic melanin pigment
granules, intranuclear cytoplasmic inclusions and macronucleoli are commonly present.
(Fig.1.37). A positive cytoplasmic reaction with S-100 protein, HMB-45 or MART-1 antibodies is
diagnostic of the tumor.

B

Fig.1.37. Pleural effusion from a cutaneous melanoma metastatic to the lung:

A & B. Single and clustered tumor cells with large intranuclear cytoplasmic inclusion.
(Pap: A, x 200; B,: x 500)

Bone and Soft Tissue Sarcomas show single and loosely clustered tumor cells. The tumor
cells tend to have a round configuration and lose their original shapes in tissue sections.
Typing of sarcoma cells is difficult without clinical data, cytochemical, IM, EM and cytogenetic
studies.

Osteogenic sarcoma usually shows rounded large malignant cells with macronucleoli. Cells
from a chondrosarcoma display abundant, well-defined cytoplasm and macronucleoli.
(Fig.1.38). Ewing sarcoma yields small polygonal cells with oval nuclei and glycogen-rich
cytoplasm singly and in rosettes. (Fig. 1.39). The tumor cell cytoplasm stains positively with
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PAS and negatively with PAS with prior diastase digestion and reacts positively with CD99
antibody.

Fig.1.38. Pleural effusion from a metastatic chondrosarcoma showing single malignant
cells with basophilic cytoplasm and double conspicuous nucleoli. (Pap, x 400)

: *J" A
Fig. 1.39 Metastatic Ewing
(Pap, x 400).

R

sarcoma cells present singly and in a small rosette.

Biphasic synovial sarcoma may show in associated effusions epithelial-like and spindle-
shaped tumor cells in loose aggregates. (Fig.1.40). Epithelial-like tumor cells with focal gland-
like arrangement may be seen, and a transition between these two types of cells may be
observed. The tumor cells express cytokeratin and vimentin.
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Fig.1.40. Spindle malignant cells with scant cytoplasm in pleural effusion associated
with a metastatic synovial sarcoma to the lung. (Pap, x 400).

Leiomyosarcoma. A high-grade uterine leiomyosarcoma metastatic to the lung shows in
associated effusion large single pleomorphic malignant cells with bizarre nuclei and dense,
granular cytoplasm that stain positively with vimentin, desmin and smooth muscle cell
antibodies. (Fig.1.41). The metastatic cancer cells are rounded up and show no resemblance
to the cells in the primary tumor.

Fig.1. 41. Bizarre large malignant cells in a pleural effusion secondary to a uterine
leiomyosarcoma metastatic to the lung. (Pap, x 400).



Melanoma of soft parts (clear cell sarcoma of soft parts) metastatic to the lung yields in
associated pleural effusion single and loosely clustered polygonal cells with variably abundant
cytoplasm. (Fig. 1.42). The tumor cell cytoplasm expresses S-100 protein, Melan A and Mart-

1.

B
Fig. 1.42. CeIIs derived from a melanoma of soft parts present singly and in loose
aggregates. (Diff-Quik: A and Pap: B, x 400).
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High-grade glioma metastatic to the lung yields in pleural effusion clusters of pleomorphic
malignant cells that react positively with Glial fibrillary acidic protein antibody. (Fig.1.43).

Fig. 1.43 Clustered malignant cells from a metastatic high-grade glioma. (Pap, x
500).

MISCELLANEOUS SEROUS EFFUSIONS

1. Pleural effusion caused by lung tuberculosis shows an increased number of lymphoid
cells with many displaying atypical nuclei. Epithelioid and multinucleated giant cells of
Langhans are rarely observed. Mesothelial cells tend to be scanty. Culture is the best way to
identify Mycobacterium tuberculosis.

2. Fosinophil-rich effusions, usually pleural, are relatively common. (Fig.1.44). They result
most often from air in the serosal cavity, as seen in pneumothorax, post surgery or repeated
thoracentensis. They may also be related to infections (bacterial, viral, fungal, or parasitic),
pulmonary infarcts, hypersensitivity reactions, or as part of a systemic eosinophilic disorder.

rich effusion. (Pap x 500)
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3. Paragonimiasis is a lung infection caused by the lung parasite, Paragonimus westermani.
The infection is common in oriental countries and associated with ingestion of uncooked
crayfishes. It is often misdiagnosed as tuberculosis, and parasite eggs may be found in
pleural effusions. (Fig. 1.45).

Fig. 1.45. An egg of Paragonimus westermani in pleural effusion (Pap,x 400).

4. Ecchinococcosis (Hydatid disease). This disease is caused by Ecchynococcus
granulosus which is endemic in sheep, goats and cattle and their attendant dogs. It is
worldwide among herding populations. In humans hydatid cysts occur predominantly in the
liver but may affect the lungs, kidneys and brain. Rupture of the cyst into a body cavity may
cause serious anaphylactic reactions, and the parasites may be found in the associated
effusion. (Fig. 1.46).

Fig. 1.46. Scolices with hooklets of Ecchynococcus granulosus in a pleural effusion.
(Diff-Quik, x 400).
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5. Extramedullary hematopoiesis may be identified in effusions in patients with
myelofibrosis. Immature blood cells and megakaryocytes are identified. (Fig.1.47).

B

Fig.1.47. Benign bone marrow cells including a multinucleate megakaryocyte in ascitis
of a woman developing extramedullary hematopoiesis secondary to myelofibrosis with
anemia. (Pap: A, B, x 400)

6. Collagen vascular diseases such as Rheumatoid arthritis and Lupus erythematosis may
show in effusions some interesting cytologic findings:

e Histiocytes, neutrophils and granular necrotic debris may be seen in effusions of
patients with rheumatoid arthritis.

e LE cells (polymorphonuclear leukocytes with large intracytoplasmic inclusions of
degenerated and antinuclear antibody-coated nuclear material) may be observed in
serous effusions of individuals with systemic lupus erythematosis. (Fig. 1.48). The LE
cells may also be seen in patients with rheumatoid arthritis and in individuals taking
drugs (procainamide, hydralazine) or having multiple myeloma and Hodgkin disease.
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Fig. 1.48. LE cells in effusion of a patient with lupus erythematosus. (Pap, x 400).

7. Drug reaction-related effusions contain abundant eosinophils. Chemotherapy may
produce atypical reactive mesothelial cells mimicking cancer cells.

8. Endometriosis may show in associated ascitis, morulae of endometrial epithelial cells and
aggregates of hemosiderin laden macrophages.

9. Lung asbestosis may also associate with a nonspecific benign pleural transudate.

DIAGNOSTIC ACCURACY

Cytodiagnosis of malignant effusions is challenging and usually requires experience and
immunohistochemistry. The diagnostic accuracy rate of malignant effusions is about 85%
when multiple samples are evaluated. False-negative diagnostic rates vary widely among
different reported series, and their main reasons consist of inadequate sampling, scantiness of
cancer cells, faulty preparatory technique and erroneous interpretation. False-positive
diagnostic rates up to 3% have been reported, and the most common error is the
misinterpretation of reactive atypical mesothelial cells in long-standing benign effusions as
cancer cells.
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Chapter 2

Peritoneal and Pelvic Washings

Diana N. Ionescu and Gia-Khanh Nguyen

Peritoneal and pelvic washings were first used by Keettel and Elkins in 1956 to detect early
spreads of ovarian cancers that were not grossly identifiable on the peritoneal surface at
laparotomy. This method of investigation has rapidly and increasingly gained a wide
acceptance in evaluating cancers arising from the female genital tract and it is included in the
FIGO staging systems for ovarian and endometrial cancers.

INDICATIONS AND GOALS

1. To assist in the initial staging of primary ovarian and endometrial cancers.

2. To exclude intraabdominal occult cancers in patients undergoing surgery for benign pelvic
diseases.

3. To monitor the effectiveness of chemotherapy for advanced ovarian cancers (second-look
laparotomy).

4. To assist in staging of some non-gynecologic abdominal cancers (gastric and pancreas)

COLLECTION AND PREPARATION OF CELL SAMPLES

Any ascitic fluid present at laparotomy is collected and submitted as a separated sample for
cytologic evaluation. A syringe with a long rubber catheter is used to instil 50 - 200 mL of
sterile normal saline in 4 following anatomic sites: the inferior aspect of the diaphragm, right
and left paracolic gutters and pelvic cavity. One option is to aspirate each of these sites and
submit separate samples for cytologic evaluation. However, submitting a single sample
specimen combining samples from all 4 sites has no inferior diagnostic value. Usually an equal
volume of 50% ethanol is added to each cell sample to preserve cell morphology. As
peritoneal washing (PW) specimens are usually heavily contaminated with blood that may
obscure diagnostic cells, hemolysis of bloody specimens is necessary. Adding ethanol to PW
samples has the advantage of destroying most red blood cells. Ficoll-Hypaque solution may be
also used to separate red blood cells from nucleated cells.

The fluid sample is then thoroughly mixed and a 100 mL aliquot is centrifuged at 1800 rpm
for 10 min. The supernatant is discarded and the sediment is used to prepare 2 to 4 direct
smears. It may be re-suspended in an appropriate amount of normal saline for cytospin
preparation. If the smears/preparations obtained are bloody they may be fixed in Carnoy
solution for 3-5 min to lyse red blood cells. The remaining sediment, if present, is fixed in
formalin for preparation of a cell block (CB) that may be used for immunohistochemical
staining, if necessary. The cell preparations/smears obtained are fixed in 95% ethanol and
stained by the Papanicolaou method. CB sections are stained with hematoxylin and eosin.
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CYTOLOGIC FINDINGS
1. Normal Peritoneal Washing

A PW cell sample from a healthy woman is usually cellular and contains large sheets of
mesothelial cells that are forcefully exfoliated by washing. Single and clustered histiocytes are
commonly present as well as polymorphonuclear leukocytes from the contaminated blood.
Minute fragments of benign adipose tissue and skeletal muscle from the abdominal wall
incision are also observed, mainly in PW cell blocks. The sheets of mesothelial cells are large
and usually folded. These cell sheets consist of cohesive polygonal mesothelial cells with oval
nuclei, thin and regular nuclear contours, fine chromatin and small nucleoli. Nuclear grooves
are seen in many cells and focal nuclear crowding may also be observed. (Fig.2.1). On rare
occasions papillary clusters of benign mesothelial cells containing psammoma bodies and
masses of collagen surrounded by mesothelial cells (“collagen balls”) may be seen.

B
Fig. 2.1. A large and irregular sheet of mesothelial cells forcefully exfoliated by
peritoneal jet washing showing evenly spaced mesothelial cells that have ill-defined
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cytoplasm, oval or bean-shaped nuclei, small conspicuous nucleoli. (Pap: A, x 100; B, x
500).

B
Fig. 2.2. “Collagen ball” in peritoneal washing cell film (A) and in cell block (B).
(Pap: A, x 400; HE: B, x 200).

2. Gynecologic Malignant Tumors

A. Ovarian cancer. Ovarian carcinoma is a common neoplasm in women over 65 years of
age. Most women with ovarian cancer are diagnosed at stage III or IV. Evaluation of PW is
not required for advanced ovarian cancer but is important for staging stage I or II tumors. A
positive PW in these two situations will change the tumor stages to IC and IIC, respectively.
With the exception of serous borderline tumors, patients with stages IC and IIC ovarian
carcinomas receive postoperative chemotherapy to delay recurrences. Presently, there is no
convincing evidence that a positive PW predict a poor outcome, independent of other
prognostic factors.

Serous Carcinoma is the commonest histologic type of ovarian cancers and the one that is
often associated with a positive PW. Depending on its histologic grade the cytologic findings
are different. A low-grade serous carcinoma will yield fairly monomorphic, small tumor cells
organized predominantly in large tridimensional clusters. (Fig. 2.3).



Fig. 2.3. Low-grade malignant epitelial cells attached to one psammoma body in PW
of a woman with an ovarian low-grade serous carcinoma. (Pap, x 400).

A high-grade tumor is characterized by single and clustered pleomorphic malignant cells. (Fig.
2.4). Single and loosely clustered tumor cells with some cells showing vacuolated cytoplasm

are seen. Psammoma bodies are often present within tumor cell clusters from low- as well as
high-grade tumors.

) 482
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Fig. 2.4. High-grade ovarian serous carcinoma showing a thick irregular cluster of
pleomorphic malignant epithelial cells with prominent nucleoli.(Pap: A,x100; B,x400).

Serous Borderline Tumor (also known as Serous tumor of low-malignant potential) is a low-
grade neoplasm with significantly better prognosis than an ovarian low-grade serous
carcinoma. The cytologic manifestations of a serous borderline ovarian tumor are similar to
those of a low-grade serous carcinoma. A serous borderline tumor is distinguished
histologically from a low-grade serous carcinoma by the absence of stromal invasion in the
former. This important finding is readily identified by extensive sampling and histologic
evaluation of the resected tumor.

Mucinous Carcinoma of the ovary is less common than serous carcinoma and accounts for
about 10% to 15% of all ovarian tumors. The majority of ovarian mucinous tumors are
benign (75%) while 10% are borderlines and 15% are carcinomas. Most ovarian mucinous
tumors are of intestinal type (85%) and present as unilateral tumors. The other histologic
subtype, endocervical-like mucinous carcinomas are bilateral in up to 40% of cases.
Regardless of their subtypes, these ovarian tumors yield in PW malignant cells with large
cytoplasmic vacuoles arranged in loose clusters and in linear arrangements or cell strips or

singly.

Other ovarian cancers such as Germ cell and Sex-cord tumors rarely involve the peritoneum
or omentum.

B. Endometrial Cancer is the most common gynecologic malignancy and accounts for about

6% of all cancers in women. According to the old FIGO staging system for endometrial cancer
a positive PW constitutes one of the criteria for stage IIIA. Recently, the revised FIGO staging

system for endometrial states, with regards to stages IIIA and IIIB, that “positive cytology has

to be reported separately without changing the stages”. However, a positive PW in this

situation does not necessary indicate a poor prognosis, as endometrial cancer cells may spread

onto peritoneal surface by transtubal retrograde dissemination. This may be facilitated by a
prior endometrial biopsy and curettage, by a preoperative intracavitary placement of radium
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implants or hysteroscopy. Patients with endometrial cancer and positive PW usually have a
high-grade tumor with deeper myometrial invasion and lymph node metastasis.

Endometrioid adenocarcinoma is the commonest histologic type of endometrial carcinomas.
Papillary serous and Clear cell carcinomas and Malignant mixed mullerian tumor (MMMT) are
rare neoplasms. When these tumors involve the peritoneum or omentum malignant cells may
be detected in PWs. A low-grade endometrioid carcinoma is characterized by single and
clustered small cuboidal malignant epithelial cells with scant cytoplasm, enlarged but
monomorphic nuclei, coarse chromatin and conspicuous nucleoli. (Fig. 2.5). A high-grade
tumor yields more pleomorphic malignant cells that may be present in loose aggregates or
clusters. A papillary serous tumor is characterized by clustered small cuboidal cells with scant
cytoplasm and enlarged hyperchromatic nuclei with inconspicuous nucleoli. A clear cell
carcinoma shows single and clustered pleomorphic malignant cells with clear cytoplasm.
MMMTs usually show clusters of malignant glandular cells only, as malignant stromal cells
seldom exfoliate.

B
Fig. 2.5. Low-grade endometrioid adenocarcinoma of the uterus showing clustered
monomorphic cells with oval nuclei and small, conspicuous nucleoli. A few tumor cells
with irregular nuclear contours are also present. (Pap: A, x 200 and B, x 400).
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C. Cervical cancer. The incidence of positive PW in cervical cancer of all stages is low, about
8%, and it is about 1% in stage IB cervical cancer. PW finding is not included in FIGO staging
system for cervical cancer. Adenocarcinoma of the cervix more commonly spreads to the
peritoneal cavity than its squamous cell counterpart. Adenocarcinoma cells are seen in
clusters, as well as those of a non-keratinizing squamous cell carcinoma. Cells derived from a
keratinizing squamous cell carcinoma are often present singly.

3. Second-look laparotomy

Patients who had chemotherapy or radiotherapy for advanced ovarian cancer and show no
clinical or diagnostic imaging evidence of residual tumor may undergo a laparotomy to
evaluate the response to therapy. In about 50% of cases residual tumor is identified grossly,
and in 20% of patients an evidence of residual tumor is confirmed by tissue biopsy and/or
PW. PW is this situation has a low sensitivity, ranging between 31 and 86%, according to
several reported series.

4. Non-gynecologic malignancies

Peritoneal washing has been used to assess peritoneal spreading of gastric, pancreatic or
colonic cancer at laparotomy. A positive PW, in absence of grossly visible peritoneal deposits,
indicates an advanced stage disease in the above-mentioned conditions. (Fig. 2.6).
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Fig. 2.6. Isolated malignant cells with signet-ring cell configuration are seen in PW of
a patient with an inoperable gastric linitis plastica. (Pap, x500).
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DIAGNOSTIC ACCURACY AND PITFALLS

In general, PW has a low sensitivity rate, as 23% to 52% of patients with biopsy proven
peritoneal metastases have a negative PW, according to the review of several reported large
series by Cibas. On the other hand a positive PW in patients with a gynecologic malignant
neoplasm changes the tumor surgical stage in only about 3% of cases. As a positive
diagnosis may have an impact on patient management, therefore, only an unequivocally
positive diagnosis is generally used for cancer staging while all other diagnostic interpretations
(atypical or suspicious) are regarded as negative.

Cytologic interpretation of PW has diagnostic pitfalls. Hyperplastic mesothelium may occur in
a number of benign conditions such as chronic pelvic inflammatory disease, endometriosis,
endosalpingiosis, tuboovarian abscess, benign pelvic tumor, after chemotherapy and
radiotherapy and it may vyield cells with atypia that may mimic malignant glandular cells.

Hyperplastic mesothelial cells are usually seen in small clusters and sheets with variable
degrees of nuclear atypia. In most cases the clusters and sheets of reactive mesothelial cells
display enlarged, hyperchromatic nuclei with prominent nucleoli and focal nuclear crowding.
(Fig. 2.7). A cluster of hyperplastic mesothelial cells may also mimic a group of nonmucus
secreting malignant epithelial cells.
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Fig. 2.7. A cluster of atypically hyperplastic mesothelial cells in PW of a woman who
had radical surgery for her ovarian serous carcinoma. (Pap, x 500).

The differential diagnosis between hyperplastic mesothelial cells with marked nuclear atypia
and malignant glandular cells is challenging. Immunohistochemical studies of PW CBs are
useful in this case. Reactive mesothelial cells are immunoreactive with calretinin, CK5/6, WT-1
and D2-40 antibodies and negative for CEA, MOC-31 and Ber-Ep4. As ovarian surface
epithelium is calretinin positive, this stain should be interpreted with caution and always in
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conjunction with clinical and diagnostic imaging findings. Ovarian serous carcinoma cells
express CK7 and p53 and negative for CK20. They can also express mesothelial markers,
especially WT-1. Therefore, their immunoprofile may not be useful to distinguish them from
reactive mesothelial cells and cells from a diffuse malignant peritoneal mesothelioma.
Mucinous tumor cells stain positively with PAS reagent with prior diastase digestion, and the
common intestinal type tumor cells often show immunoreactivity with CEA, CK20 and CDX2
antibodies. Endometrial carcinoma cells are positive for estrogen receptor and vimentin and
cells derived from an advanced stage endocervical adenocarcinoma are positive for CEA and
pl6.

In the case of peritoneal endometriosis a few sheets of endometrial epithelial cells and
clusters of reactive mesothelial cells admixed with hemosiderin-laden macrophages may be
observed. A PW CB may reveal fragments of endometrial tissue consisting of both endometrial
glandular cells and stromal cells. Salpingiosis may vyield atypical glandular cells in sheets or
clusters with some cells displaying ciliae, and psammoma bodies may be observed.

Detection of malignant cells in PW is important. While high-grade carcinoma cells are easily
identified, in difficult cases, cytohistologic correlation with the corresponding surgical
specimens is necessary and strongly recommended to avoid a false-positive or false-negative
cytodiagnosis.

68



BIBLIOGRAPHY

Carlson GL, et al. Cytologic diagnosis of florid peritoneal endosalpingiosis: a case report. Acta
Cytol. 1986; 30:494.

Cibas ES. Peritoneal washings. In Cytology. Diagnostic principles and clinical correlates. 2",
2003, Cibas ES, Ducatman BS, eds. Edingburgh, Saunders, p. 145.

Jain R. Pelvic washings and staging of gynecologic cancers. Pathology Case Reviews. 2006;
11: 92.

Johnson TL, et al. cytologic features of ovarian tumors of low malignant potential in peritoneal
fluids. Acta Cytol.1988; 32:513.

Kadar N, et al. Positive peritoneal cytology is an adverse factor in endometrial carcinoma only
if there is other evidence of extrauterine disease. Gynecol Oncol. 1992;46:145.

Keettel WC, Elkins HG. Experience with radioactive colloidal gold in the treatment of ovarian
carcinoma. Am J Obstet Gynecol. 1956; 71: 533.

Laurain JR. The significance of positive peritoneal cytology in endometrial cancer. Gynecol
Oncol. 1992; 46:143.

Mathews S, Erozan YS. Significance of peritoneal washings in gynecologic oncology: the
experiences with 901 intraoperative washings at an academic medical center. Arch Pathol Lab
Med. 1997; 121:604.

Ordonez NG. The role of immunohistochemistry in distinguishing epithelial peritoneal
mesotheliomas from peritoneal and ovarian serous carcinomas. Am j Surg Pathol. 1998; 22:
1203.

Pecorelli S. Revised FIGO staging for carcinoma of the vulva, cervix, and endometrium. Int ]
Gynaecol Obstet. 2009; 105:103.

Pratt J. Pathology of the Ovary, Elsevier Inc, 2004.
Shield P. Peritoneal washing cytology. Cytopathology. 2004. 15:131

Turner DA, et al. The prognostic significance of peritoneal cytology for stage I endometrial
cancer. Obstet Gynecol. 1989:74:775.

Woijcik EM, Naylor B. “Collagen balls” in peritoneal washings: prevalence, morphology, origin
and significance. Acta Cytol. 1992; 36:466.

Yancik R. Ovarian cancer: age contrast in incidence, histology, disease stage at diagnosis, and
mortality. Cancer. 1993; 71 (Suppl. 2):517.

69



Zuna RE, et al. Peritoneal washing cytology in cervical carcinoma: analysis of 109 patients.
Acta Cytol. 1990;34:645.

70



Chapter 3

Cerebrospinal Fluid
Katherine M. Ceballos and Gia-Khanh Nguyen

Cerebrospinal fluid (CSF) cytologic evaluation was developed following the introduction of
lumbar puncture in 1891 in Germany, and in the beginning, several cases of meningitis were
diagnosed cytologically. Tumor cells were first reported in the CSF in 1904 and metastatic
cancer cells were increasingly identified after 1908. CSF cytology is now a routine method of
investigation of central nervous system (CNS) diseases, worldwide.

INDICATIONS AND GOALS

The main indications and goals of CSF cytology include:
e Investigation of patients suspected to have an infection, primary neoplasm, metastatic
tumor or degenerative disorder involving the CNS.
e Assessing the treatment response of CNS tumors.

COLLECTION AND PREPARATION OF SPECIMENS

CSF is usually collected by aseptic lumbar puncture. This procedure is contraindicated in
patients with increased intracranial pressure as it may cause uncal or tonsillar herniation with
fatal compression of the brain stem. CSF may also be obtained from shunt drainage, from
the ventricles during craniotomy, via a burr hole or by transfontanelle puncture in infants. It
may be aspirated from a plastic reservoir that is connected to one of the lateral ventricles by
a cannula via a burr hole. The reservoir is implanted in the subcutaneous tissue of the scalp
and it is used for injection of chemotherapeutic agents to treat brain cancers. As cells in the
CSF tend to degenerate quickly, the fluid samples must be processed within 30 min of
procurement. Usually, a 3-tube technique is used. Tube # 1 is frequently contaminated with
blood and is therefore used for serology and biochemical tests, tube # 2 is used for
microbiological cultures, if an infection of the central nervous system is suspected, and tube #
3 is used for cytologic evaluation. Refrigeration at 4° C may preserve cell details up to 48 hr.
If a delay in processing CSF is anticipated, the addition of an equal amount of 50% ethanol is
recommended. Fresh and unfixed specimens are usually prepared by the usual cytospin
technique using a relatively slow speed: 500 rpm for 5 min. The smears obtained are air-dried
or fixed in 95% ethanol for staining with the Wright method or the Papanicolaou technique,
respectively. Usually, 3 to 4 mL of CSF is required for a confident diagnosis. A repeat lumbar
puncture should be made if the first CSF sample is negative and there is strong clinical
suspicion of disease. According to some studies, the false-negative rate of CSF cytology
decreases with an increased amount of CSF obtained and a decrease in time from specimen
procurement to specimen processing.
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NORMAL CSF CYTOLOGY AND CONTAMINANTS

Normal CSF is scanty in cellularity. In a routinely prepared specimen, rare benign lymphocytes
and macrophages are noted. Choroid plexus and ependymal cells are rarely seen in specimens
obtained by lumbar puncture. They are present in large numbers in cell samples aspirated
directly from the cerebral ventricles. Normal ependymal cells are round or oval in shape with a
moderate amount of granular cytoplasm and round or oval, centrally located nuclei with
inconspicuous nucleoli. These cells are either seen singly or in small sheets or clusters. Minute
normal brain tissue fragments may be present in specimens aspirated from cerebral
ventricles. Specimens obtained by lumbar puncture may be contaminated with bone marrow
cells aspirated from a vertebral body or cartilaginous tissue fragments and chondrocytes from
an intervertebral disc.

INFLAMMATORY DISEASES

1. Bacterial meningitis is an acute infection commonly caused by Neisseria meningitides
(meningococcus), Hemophilus influenza, Streptococcus pneumoniae (pneumococcus) and
Listeria monocytogenes. CSF samples show numerous polymorphonuclear leukocytes and
necrotic debris. A Gram stain may reveal the causative organisms, but culture of the fluid is
required for proper bacterial identification.

2. Aseptic meningitis is a misnomer but the term has been used extensively in medical
practice. Most cases are caused by an infectious microorganism, most commonly a virus. The
CSF findings are non-specific and consist of increased numbers of lymphocytes and
macrophages with occasional atypical lymphoid cells showing larger nuclei with irregular
nuclear contours, dispersed chromatin and conspicuous nucleoli. Cells with viral morphologic
changes, as seen in herpetic and cytomegalovirus infections of the lung or female genital
tract, are not usually observed. This form of meningitis may also be caused by some bacteria
(Borrelia burgdorferi, Treponema pallidum, Mycobacterium tuberculosis, Mycoplasma
pneumoniae), some fungi (Cryptococcus neoformans, Histoplasma capsulatum, Coccidioides
immitis), a variety of drugs, systemic inflammatory diseases (Behcet disease, sarcoidosis),
and degenerative CNS diseases. Similar nonspecific cytologic changes may be seen in patients
with headaches, seizures, multiple sclerosis or Guillain-Barre’ syndrome.

3. Cryptococccal meningitis is caused by Cryptococcus neoformans. This infection can
occur in both healthy and immunocompromised hosts. The CSF shows an increased number
of lymphoid cells and Cryptococcus neoformans may be seen in routinely stained CSF
preparations. This microorganism has a round yeast form, 5 to 15 microns in greatest
dimension and may show asymmetric, narrow-based budding. It can be well-visualized in
cytologic materials stained with PAS and GMS.
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Fig. 3.1. Cryptococcal meningitis showing in CSF thick-walled yeasts with budding.
(Pap, x 800).

NEOPLASMS

Of the tumors involving the CSF, metastatic cancers are more common than primary tumors.
Malignant neoplasms arising from virtually any anatomic site in the body may metastasize to
the brain, spinal cord and leptomeninges. Cancers of the lung, breast, stomach, as well as
cutaneous melanoma, lymphoma and leukemia are the tumors that most frequently spread to
the CNS. Tumor cells will not be present in the CSF unless the leptomeninges or ventricular
system is invaded. In clinical practice, the primary cancer is known in over 90% of patients
with malignant cells in the CSF. However, in the remaining cases, positive CSF is the
presenting feature of a clinically occult cancer.

Primary CNS Tumors

Primary CNS tumors are much less common than metastatic tumors. Cells from an
intracerebral tumor are only present in the CSF if the ventricular system or the arachnoid
space is invaded. In adults, cells from a high-grade astrocytoma such as anaplastic
astrocytoma or glioblastoma multiforme and cells from primary lymphoma are commonly seen
in the CSF. In children, medulloblastoma is the most common tumor associated with a
positive CSF.

1. Astrocytoma is the most common intracerebral glial tumor. The tumor is histologically
classified into 3 histologic types/grades: well-differentiated astrocytoma, anaplastic
astrocytoma and glioblastoma multiforme, depending on the presence of cellular
pleomorphism, necrosis and vascular proliferation.

Well-differentiated astrocytoma is a slow-growing tumor and rarely exfoliates its cells in

the CSF. In cases with positive CSF a small number of single large tumor cells with enlarged
nuclei and small nucleoli may be observed.
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Anaplastic astrocytoma may shed pleomorphic malignant cells into the CSF, either singly
or in loose aggregates. (Fig. 3.2). The tumor cell cytoplasm is positive for Glial fibrillary acidic
protein and negative for epithelial markers such as cytokeratin.

Fig. 3.2. Anaplastic astrocytoma showing in CSF a tight cluster of malignant cells with
scant cytoplasm and pleomorphic nuclei. (Pap, x 500).

Glioblastoma multiforme involving CSF shows pleomorphic malignant cells with bizarre
single or multiple nuclei and macronucleoli. These cells may express Glial fibrillary acidic

protein.

2. Medulloblastoma is a small blue cell tumor and is the most common intracranial tumor in
children. Cytologically, the involved CSF contains single and clustered small tumor cells with

nuclear molding. (Fig. 3.3).
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Fig. 3.3. Medulloblastoma showing in CSF small cancer cells with scant cytoplasm,
round or irregular nuclei in a tight cluster with nuclear molding. (Pap: A, x 800; MGG: B,
x 800).

3. Ependymoma and Choroid plexus tumors occur in the ventricular system with the 4%
ventricle being the most common location. These neoplasms are more common in children
and adolescents than in adults. Ependymoma and choroid plexus papilloma are cytologically
similar and exfoliate single and clustered cells into the CSF. They are cuboidal cells with
round nuclei and scant cytoplasm. Choroid plexus carcinomas exfoliate cells indistinguishable
from those of a metastatic adenocarcinoma. (Fig. 3.4).
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Fig. 3.4. Choroid plexus carcinoma showmg in CSF single and clustered malignant
epithelial cells. (MGG, x 600).

4, Other Tumors. Germ cell tumors can rarely arise intracranially and when they do are
usually located in the pineal region. Histologic types include embryonal carcinoma,
seminoma/dysgerminoma, yolk sac tumor, teratoma and choriocarcinoma. The tumors may
be of pure or mixed histologic type. Primary NonHodgkin lymphoma, an uncommon CNS
tumor that usually arises in an immunocompromised patient. The above-mentioned
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neoplasms may invade the ventricular system and exfoliate its cells in the CSF. Meningioma,
pituitary adenoma and sarcomas rarely shed their cells into the CSF.

Metastatic Tumors

1. Bronchogenic carcinoma of all types can metastasize to the CNS and exfoliate their cells
in CSF. Adenocarcinoma and small cell carcinoma are the most common tumors associated
with a positive CSF. Malignant glandular cells are usually seen singly and have well-defined
cytoplasm and prominent nucleoli (Fig. 3.5). Cells derived from a small cell carcinoma may be
single or in small cohesive clusters with nuclear molding. (Fig. 3.6).
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Fig.3.5. Metastatic bronchogenic adenocarcinoma showing in CSF malignant,
pleomorphic epithelial cells with prominent nucleoli singly and in cluster. (Pap:A,x 500
and MGG:B, x400)
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Fig. 3.6. A cluster of metastatic small cell carcinoma cells in CSF showing nuclear
molding. (MGG, x 400)

2. Mammary carcinoma of ductal or lobular origin may metastasize to the CNS. It exfoliates
in CSF predominantly single, monomorphic malignant glandular cells with conspicuous nucleoli.
Tumor cells in cohesive clusters and in linear rows are rarely observed. Cells derived from a
lobular carcinoma are smaller than those of a ductal carcinoma. (Fig. 3.7 and Fig. 3.8).




Fig. 3.7. Single and loosely clustered monomorphic malignant glandular cells with
conspicuous nucleoli (A) and a tumor cell with a tripolar mitotic figure (B) from a
metastatic mammary duct carcinoma. (Pap, x 500).

o,

.
Fig. 3. 8. Metastatic mammary lobular carcinoma showing in CSF small tumor cells

present singly and in a linear arrangement. A conspicuous nucleolus is noted in one cell.
(Pap, x 400).

3. Gastrointestinal carcinomas rarely metastasize to the CNS. An example of a metastatic
signet-ring cell carcinoma of the stomach involving the CSF is pictured below. (Fig.3.9).
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Fig.3.9. Metastatic gastric carcinoma showing in CSF isolated cancer cells with signet-
ring cell morphology. (MGG, x 400).

4. Melanoma. Metastatic melanoma to the CNS, regardless of its primary site, typically
shows in CSF single, large malignant cells with defined cytoplasm and enlarged, oval nuclei
with macronucleoli. Intracytoplasmic melanin pigment granules and intranuclear cytoplasmic
inclusions may be observed. Melanoma is a great mimic of other tumors and can have
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various cytologic appearances, including a spindle-cell morphology. A positive cytoplasmic
reaction with HMB-45 or Melan A antibodies will practically support a melanocytic
differentiation.

5. NonHodgkin Lymphoma may involve the CNS. The cytologic appearance of the tumor
cells in CSF varies with the type of lymphoma but the cells are usually present singly and
show monomorphic nuclei with nuclear indentation and protrusion. Hodgkin disease rarely
involves the CNS. (Fig. 3.10)

e oo
'® .. -
s A
, Be%l®
oe®
D P
’.‘ 29®
>
* 'y

Fig. 3.10. Metastatic nonHodgkin lymphoma to the brain showing in CSF isolated,
monomorphic lymphoid cells with nuclear indentation. (Pap, x 400).

6. Leukemia of all types may spread to the leptomeninges. As in non-Hodgkin lymphoma,
leukemic cells are more easily identified and classified in Wright-stained preparations.

Acute lymphoblastic leukemia is the most common malignancy in children but it may
affect adult patients. CNS involvement is common and often clinically silent. It is present at
initial leukemic diagnosis in about 5% of cases. The disease responds well to chemotherapy
and has a favorable prognosis. Numerous single monomorphic lymphoblasts with prominent
nucleoli are present in the CSF. (Fig. 3.11).

& @




Fig. 3.11. Numerous monomorphic lymphoblasts with nuclear clefts and prominent
nucleoli are present in CSF of a patient with acute lymphoblastic leukemia.
(Wright, x 1000). (Courtesy of Dr. J. Ford, Vancouver, BC, Canada).

Acute myeloid leukemia is more common in adults than in children. Its leptomeningeal
involvement is less common than in acute lymphoblastic leukemia. Cells derived from an
acute myeloid leukemia cells are, in general, large and show round or highly irregular nuclei,
fine chromatin and prominent nucleoli. Cytoplasmic azurophilic granules may be observed in
MGG-stained cells. (Fig. 3.12).
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Fig.3.12. Acute myelogenous leukemia showmg |n CSF numerous myeloblasts present
singly and in aggregates. Intracytoplasmic azurophilic granules are seen in one of the
myeloblast. (Wright stain, x 1000).

Chronic lymphocytic leukemia is predominantly an adult disease. It has a protracted
clinical course and it rarely involves the CNS. The tumor cells are B-cells and morphologically
similar to small lymphocytes. They should be distinguished from reactive lymphoid cells (T-
cells) by cell marker studies.

Chronic myelogenous leukemia apparently does not involve the CNS. However, some
patients develop a transformation to acute myelogenous leukemia with leptomeningeal
spread.

DIAGNOSTIC SENSITIVITY AND ACCURACY

1. CSF cytology is regarded as a test with moderate sensitivity and high specificity. The
sensitivity of CSF cytology in detecting cancer cells is substantially higher when two samples
are evaluated. The sensitivity of one sample is 54% while the combined sensitivity of two
samples is 84%. Additional samples do not significantly increase the diagnostic sensitivity.

2. For primary brain tumors CSF cytology has a sensitivity of about 32%. The diagnostic

accuracy rate varies widely, with medulloblastoma being the most common tumor that is
correctly diagnosed (80% accuracy rate).
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3. For metastatic cancers the diagnostic sensitivity of CSF cytology is about 53.3%, with lung
and breast carcinomas being the most commonly diagnosed malignancies.

4. For lymphoma and leukemia the diagnostic accuracy rate of CSF cytology is about 65%.
5. False-positive diagnosis is about 2% to 3%, and the most common cause of the false-

positive diagnosis is the over diagnosis of Non-Hodgkin lymphoma in cases of chronic aseptic
meningitis. (Fig. 3.13).
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Fig; 3.12. Slight Iym?hocytosis in CSF of a patient with chronic aseptic meningitis,
mimicking a chronic NonHodgkin lymphoma. A few atypical lymphoid cells with nuclear
indentation are present. (Pap, x 400).

DIAGNOSTIC PITFALLS
CSF cytology has several diagnostic pitfalls:

Benign cells of choroid plexus may be mistaken for those of a metastatic adenocarcinoma
or choroid plexus carcinoma. This occurs mainly in cell samples aspirated from the cerebral
ventricular system and rarely in samples taken by lumbar puncture.

Bone marrow cells may incidentally be sampled by needling the body of a lumbar vertebra.
These cells may be misinterpreted as those of a chronic myelogenous leukemia by a novice.
However, the presence of immature red blood cells and megakaryocytes is a strong evidence
in favor of normal bone marrow cells.

Chondrocytes from an intervertebral disk may be sampled by lumbar puncture. They may
be mistaken for metastatic glandular cells by an inexperienced observer. The bland nuclei
and absence of macronucleoli of chondrocytes are helpful features to rule out a metastatic
adenocarcinoma.
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Chapter 4

Urine in Urinary Tract Lesions

Gia-Khanh Nguyen

Urine cytology has a long history of development that can be traced back to the 19" century. In
1856, Lamb of Prague reported on the microscopic findings in urine sediments of a few cases of
bladder and urethral tumors. Subsequently, Beale of England published in 1864 a book on urine
cytology in which cancer cells were described in detail. Since that time reports on cytology of urinary
tract cancers were sporadically encountered in the medical literature. In 1945 Papanicolaou and
Marshall published in Science a paper reporting on cytologic examination of urine sediments in 83
patients and in the 1950s Crabbe published extensively on the application of voided urine cytology
to the surveillance of workers in dyestuff industries in England. In the 1960s, Koss and his co-
workers had several publications on the diagnostic value and limitations of voided urine and also
introduced the concept of nonpapillary carcinoma in situ as the principal precursor lesion of invasive
carcinoma of the bladder. Currently, several hundred papers on urine cytology of have appeared in
the medical literature each year.

INDICATIONS AND GOALS

1. Investigation of hematuria
2. Follow-up of patients treated for urothelial cancer
3. Screening for bladder cancer in high-risk workers

COLLECTIONS OF CELL SAMPLES
Five types of fluid cell sample are currently used for investigation of urinary tract lesions.

1. Voided urine samples cells from the whole urinary tract. Early morning voided urine specimens
are not optimal for cytologic evaluation as exfoliated urothelial cells tend to undergo degenerative
changes in a low pH and hypertonic environment. A mid-stream and freshly voided urine sample
should be collected in a clean container 3 to 4 hr after the patient has last urinated. In women, to
minimize the contamination with vaginal secretions voided mid-stream, “clean-catch” urine sample
should be collected after washing the perineum. Usually, 50 to 100 mL of urine is required for a
proper cytologic study. The most useful urine specimen for detection of cancer cells is a random
voided urine, with at least 3 samples collected over a 2 week- period.

2. Catheterized urine. This type of cell sample has no better diagnostic value than a voided urine.

Catheterized urine sample is usually collected from an indwelling bladder catheter and is often
pooled at room temperature for several hours. Therefore, cell degeneration may be marked.
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Catheterized urine usually contains large fragments of urothelium that are mechanically exfoliated
by the catheter tip.

3. Bladder washing. The specimen is obtained by irrigating the urinary bladder with 5 to 10
pulses of 50 mL of sterile normal saline via a catheter. It is collected before cystoscopy and biopsy of
any suspicious bladder lesions. This type of specimen is highly cellular with well-preserved cells.

4. Renal pelvis and ureter washings. Washing renal pelvis or ureter is performed if a tumor is
suspected in these locations. This procedure is done during cystoscopy. Usually cell samples are
taken from both right and left ureters and renal pelves. The specimens are usually cellular and
contain large fragments of urothelium.

5. Intestinal conduit. Small intestinal conduits are created in patients who undergo a radical
cystectomy for bladder cancer. Urine samples from intestinal conduits are cellular and full of
degenerated intestinal epithelial cells. Screening these cell samples is important because patients
with bladder cancer have an increased risk for developing new cancers in their ureters and renal
pelves.

SPECIMEN PROCESSING

Epithelial cell morphology is well preserved in unfixed urine kept at room temperature for a long
period of time. If the urine specimen is processed within 12 hr no preservative is needed.
Refrigeration of urine samples is required if the specimens are processed between 12 and 24 hr. If a
longer delay in specimen processing is anticipated urine samples should be mixed with an equal
volume of 50% ethanol or Saccomanno fixative (50% ethanol and 2% carbowax).

Usually, a vial of 10 mL is centrifuged at 1800 rpm for 10 min. The supernatant is discarded and the
remaining 1 mL sediment is used for the preparation of 2 - 4 cell films/smears by the routine
cytospin technique. If the cell button is judged to be too thick, it can be gently smeared using a thin
coverslip. Washing the sediment with normal saline may be necessary to remove necrotic debris
before smear preparation. Bloody smears may be fixed in Carnoy solution for 3 to 5 min to lyse red
blood cells. In addition to the widely available cytospin technique, direct smears prepared from the
urine/fluid sample sediment, membrane filtration technique or thin layer method may also be used
for cytologic evaluation. The prepared smears obtained are fixed in 95% ethanol and stained by the
Papanicolaou method.

NORMAL URINARY TRACT

Renal pelves, ureters, urinary bladder and urethra are lined by a single layer of urothelium
consisting of 5 to 7 layers of urothelial or transitional cells: basal, intermediate and superficial
or umbrella cells. The bladder trigone is covered by a nonkeratinizing squamous epithelium in
50% of women and in a smaller percentage in men. In premenopausal women the trigone
squamous epithelium may show cyclic changes. (Fig. 4.1).
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B
Fig. 4. 1. A. Histology of normal urothelium. (HE, x 200)
B. Histology of normal squamous epithelium in bladder trigone. (HE, x 100).

In urinary tract fluid samples both urothelial and squamous cells are seen. The intermediate
urothelial cells are commonly present singly. They are polygonal in shape with abundant,
dense, homogenous, basophilic, well-defined and slightly condensed at periphery and measure
about 229 sqg. microns on average, and their nuclei have a mean area of about 40 sq. microns.
The basal cells are small and cuboidal in shape with a dense cytoplasm and monomorphic and
slightly hyperchromatic nuclei. The cells measure 82 sq. microns on average and their nuclei
have a mean surface area of 24 sq. microns. Umbrella cells (superficial cells) are large,
multinucleated and show abundant cytoplasm that is commonly vacuolated. They may show
one flat or concave surface, corresponding to the bladder lumen. Squamous cells are large
polygonal cells with well-defined and thin cytoplasm without evidence of keratinization. They
derive from the bladder trigone or distal part of the urethra. (Fig. 4.2). Urothelial cells with
columnar configuration may be observed and these cells are seen singly, in small clusters or
rows. (Fig. 4.3).

Voided urine is usually less cellular than specimens obtained by bladder catheterization and
washing. In about 20% of normal voided urine samples urothelial cell clusters are present.
Rarely prostatic cells, seminal vesicle cells, spermatozoas and corpora amylacea are seen in
male urine. Prostatic cells are cuboidal in shape with round nuclei and occasional small
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nucleoli. They usually occur in small sheets or clusters. Seminal vesicle cells may rarely be
seen and they display atypical nuclei. They usually show intracytoplasmic brown pigment
granules. As no criteria for adequacy or satisfactory urine cell samples have been defined for
cytologic evaluation, a specimen is regarded as unsatisfactory or nondiagnostic if urothelial
cells show marked degenerative change or are largely obscured by blood, inflammatory
exudate and abundant squamous cells from vaginal secretion.




D

Fig. 4.2. Normal urine cells. (Pap: A to D, x 500).

A. Intermediate urothelial cells showing thick, well-defined cytoplasm and oval nuclei.
B. A small monolayered sheet of polygonal basal urothelial cells.

C. A large multinucleated umbrella cell with a concave cytoplasmic border.

D. An intermediate squamous cell with oval nucleus and chromatin clumping, a
superficial squamous cell with a small pyknotic nucleus and a small parabasal cell.

Fig. 4.3. Benign columnar urothelial cells present singly, in row or loose clusters.
(Pap, x 500).

In specimens collected by bladder catheterization or washing several large tridimentional
clusters and sheets of urothelial cells are present. (Fig. 4.4). These cell clusters and sheets are
large urothelial fragments that are mechanically exfoliated by the catheter tip.



Fig. 4.4. Urothelial cells in small and large tridimensional clusters with smooth
lobulated contours. (Pap: A, x 400; B, x 200).

Degenerating urothelial cells with round, eosinophilic cytoplasmic inclusions of varying sizes
(Melamed-Wolinska bodies) have no diagnostic value in urine cytology. Renal tubular cells
exfoliate regularly in small number and they appear as small cuboidal cells with small, oval and
bland nuclei. These cells are usually seen singly or in small groups consisting of 3 to 5 cells.
They are usually ignored by the observer and they may be mistaken for basal urothelial cells.
Cells from renal proximal convoluted tubules are larger than those of from distal convoluted or
collecting tubules and have a granular cytoplasm. The reader is referred to Chapter 5 for
illustrations of renal tubular cells.
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BENIGN CONDITIONS

1. Casts are formed by precipitation of protein in renal tubular lumens. Casts without
entrapped cells are called hyaline casts. When leukocytes, erythrocytes or epithelial cells are
present, the cast will be named as leukocytic, erythrocytic or epithelial cast, respectively. The
reader is referred to Chapter 5 for illustrations of urinary casts.

2. Crystals are also formed by precipitation of some chemical materials in urine. Crystals are
generally identified on morphologic basis, and they are more easily seen in unstained urine
sediments under bright-field microscope and are classified as nonpathologic and pathologic.
Specific identification of urine crystals is not required in diagnostic cytology and it is generally
done by the Routine Urinalysis Service. The most commonly encountered crystals are uric acid
crystals which are pleomorphic. Other crystals may retain their characteristic features in fixed
urine, such as triple phosphate crystals with coffin lid configurations. (Fig. 4.5).

Fig.4.5. Triple phosphate crystals with coffin lid configuration. (Pap, x 200).
3. Infections of the urinary tract can be caused by bacteria, viruses and fungi.

Acute bacterial infection is characterized by the presence of humerous polymorphonuclear
leukocytes in urine sediments. Atypical urothelial may display cellular atypia with slight nuclear
enlargement but the nuclei remain oval in shape with bland chromatin and preserved N/C
ratio. Nuclear membrane may become prominent, and single or multiple conspicuous nucleoli
may be observed. Repair urothelial cells may be seen in sheets or singly. They show enlarged
and prominent nucleoli, but their N/C ratio is preserved.

Fungal infection of the urinary tract is most commonly caused by monilia. The urine

sediment in this case shows easily identifiable pseudohyphae and yeasts. Fugal casts may be
observed in patients with renal fungal infection.
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Viral infection of the urinary tract are rare and may be caused by cytomegalovirus, human
polyomavirus and herpes simplex virus, and cells with characteristic cellular changes may be
observed in urine sediments:

- Cytomegalovirus infection is characterized by cells with large intranuclear basophilic
inclusions with halos.

- Human polyomavirus infection is characterized by cells with large homogenous, dark
nuclear inclusions with or without halos. (Fig. 4.6).

- Herpes simplex virus infection shows giant multinucleate cells with intranuclear
inclusions or molded, homogenous, ground-glass nuclei. In doubtful cases
immunostaining with commercial Herpes antibody will be helpful to confirm or rule out
a herpetic infection.
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Fig. 4.6. Human ponom'aV|r'us infection showmg ceIIs W|th dark, homogenous structureless
nuclei without nucleoli. (Pap, x 500).

Parasitic infection of the lower urinary tract caused by Schistosoma hematobium is endemic
in Egypt, but it may be seen in South East Asian countries. The disease is not encountered in
North America, but it may be encountered in immigrants from the above-mentioned regions.
Ovum of Schistosoma hematobium has a terminal spine and can be easily identified in a
Papanicolaou-stained urine sediment. Infection caused by Schistosoma mansoniis uncommon
and it may occur in conjunction with Schistosoma hematobium infection. Ovum of Schistosoma
mansoni shows a lateral spine. Cystitis caused by 7richomonas vaginalis is usually secondary
to urethral infection. Pear-shaped or ovoid parasites with or without flagellae and
intracytoplasmic minute eosinophilic granules may be observed. Trichomonas organisms seen
in voided urine samples in women most commonly represent a contamination from the genital
tract infection. (Fig. 4.7).

90



Fig. 4.7. Trichomonas vaginalis organisms with intracytoplasmic eosinophilic granules.
(Pap, x 400).

4. M alakoplakia is a rare chronic granulomatous inflammation of the urinary tract.
Macrophages with characteristic intracytoplasmic, round Michealis-Gutmann bodies may be
seen in urine sediments. (Fig. 4.8).

Fig. 4.8. A macrophage with Michealis-Gutmann inclusion. (Pap, x 400).

5. Lithiasis. Lithiasis in urinary tract causes increased exfoliation of urothelial cells by
mechanical trauma. The exfoliated cells are seen singly, in clusters and sheets. Cellular atypia
may be present and requires careful evaluation. Bladder inflammatory ulcer caused by lithiasis
may result in urothelial reparative process that exfoliates repair urothelial cells. (Fig. 4.9). In a
study of voided urine samples in patients with urinary lithiasis, Highmann and Wilson have
found that in over 52.6% of cases no cytologic changes were noted. In 40.9% of cases the
exfoliated cells were present in round clusters with smooth-bordered contours as seen in
instrumentation artifacts. (Fig. 4. 4). Cytologic atypia was noted in 6.5% of cases, and in some
cases an urothelial carcinoma cannot be ruled out on morphologic basis alone. As lithiasis and
carcinoma may coexist in the urinary tract, follow-up is needed after stones are removed.
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Fig. 4.9. Reactive/repair urothelial cells with conspicuous nucleoli from a patient with
bladder lithiasis. (Pap, x 500). (Courtesy of Dr. G. B. Schumann, Hartford, CT, USA).

6. Radiation-induced cellular changes. Cellular changes in urothelium secondary to
radiation may be observed in patients who have received pelvic radiation. The affected cells
are seen singly and in clusters and a cellular enlargement with maintained N/C ratio is
observed. The nuclei are generally pale but can be hyperchromatic and cytoplasmic
vacuolization, multinucleation and prominent nucleoli may be present.

7. Chemotherapy-induced cellular changes.
e Cyclophosphamide may produce cellular changes as seen in cells with radiation-induced
changes. The changes may be so marked that the affected cells may mimic cancer
cells. As bladder carcinoma may occur in patients on long-term therapy with
cyclophosphamide, these patients should be monitored by urine cytology at the
beginning of the treatment.
e Bisulfan may produce urothelial cell atypia.
e Thiotepa, Mitomycin C and adriamycin are used as topical chemotherapeutic
agents for treating superficial urothelial carcinoma. They may also produce cellular atypias, but
the cellular changes are less severe as seen in patients treated with cyclophosphamide.

8. Immunotherapy wi th B CG may produce mild urothelial atypia and formation of

granulomas in the bladder mucosa that may exfoliate epithelioid cells with carrot-shaped
nuclei. (Fig. 4.10).
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Fig. 4.10. A cluster of epithelioid cells. (Pap, x 500).

UROTHELIAL NEOPLASMS

Urothelial (Transitional cell) carcinoma is the most common type of cancer arising from the
urothelial lining of the urinary tract, with over 68,800 new cases expected to be diagnosed in 2008
in the United States. It is more common in men than in women, especially in patients over 50
years of age. Well-documented risk factors include occupational exposure to some chemical
compounds used in dye, leather, paint, organic chemical and rubber industries, Schistosoma
hematobium infection, smoking, paralysis...Urothelial carcinomas arising from the renal pelvis and
ureter are uncommon and account for about 5% of all urothelial carcinomas.

The World Health Organization (WHO)/International Society of Urologic Pathology (ISUP)
classification system now is widely accepted as the standard one. In this WHO/ISUP classification
system urothelial neoplasms are classified as follows:

Table 1: Classification of Urothelial Neoplasms:

- Flat lesions with atypia:
. Dysplasia
. Carcinoma in situ

- Papillary lesions:
. Papilloma
. Papillary urothelial neoplasm of low malignant potential (Grade I papillary

transitional cell carcinoma (TCC) in the old WHO classification).

. Low-grade urothelial carcinoma (Grade II TCC in the old WHO classification).
. High-grade urothelial carcinoma (Grade III TCC in the old WHO classification).

Urothelial dysplasia is a poorly defined lesion and its histologic diagnosis is subjective and
irreproducible. Its cytologic manifestations in urine have not been defined.
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Urothelial papilloma and Papillary urothelial neoplasm of low malignant potential
cannot be diagnosed by urine cytology as their tumor cells are identical to those of normal
intermediate urothelium and to urothelial cells with minimal nuclear atypia. The tumor cells are
seen singly and in small urothelial fragments with ragged cytoplasmic borders. A slight degree of
irregularity of nuclear contours and inconspicuous nucleoli may be observed. (Fig. 4.11 and Fig.

4.12).

C
Fig. 4. 11. Papillary urothelial neoplasm of low malignant potential:
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A. Histology of tumor epithelium. (HE, x 200).
B & C. Small fragments of urothelium with ragged cytoplasmic borders and minimal
nuclear atypia in bladder washing. (Pap, x 400).

Fig. 4.12. Papillary urothelial tumor of low malignant potential showing in bladder washing
a minute urothelial fragment displaying minimally atypical nuclei with or without
inconspicuous nucleoli. (Pap, 400).

Low-grade urothelial carcinoma is a papillary neoplasm. Its incidence is 5 cases per 100,000
individuals per year and its mean age of occurrence is 69.2 years. The lesion is usually diploid and
located on the posterior or lateral walls of the bladder. The tumor progresses to invasion and
cancer death in < 5% of cases and 48% to 71% of the patients will develop tumor recurrence.
Low-grade urothelial carcinoma is difficult to identify cytologically. The presence of irregular
syncytial clusters of urothelial cells with ragged cytoplasmic borders or single atypical urothelial
cells with enlarged, angulated hyperchromatic nuclei, high N/C ratio and cytoplasmic homogeneity
have been used as diagnostic criteria for diagnosing low-grade urothelial carcinoma (transitional
cell carcinoma, grade II according to the previous WHO classification) by some investigators, but
these cellular changes do not constitute highly reliable criteria for identification of this type of
neoplasm, as similar findings may be observed in urine sediments of individuals with no
histologically confirmed urothelial carcinoma. (Fig. 4.13 and Fig. 4.14).
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Fig. 4.13. Low-grade papillary urothelial carcinoma showing in bladder washing two
syncytial clusters of tumor cells with ragged cytoplasmic borders and oval, slightly
hyperchromatic nuclei, inconspicuous nucleoli and a loss of nuclear polarity. (Pap, x 500).
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Fig. 4.14. Low-grade papillary urothelial carcinoma showing in voided urine isolated tumor
cells with hyperchromatic nuclei and high N/C ratio. Two intracytoplasmic eosinophilic
inclusions are noted in a degenerated urothelial cell in C. (Pap: A to C, x 400).

High-grade urothelial carcinoma and Carcinoma in situ. High-grade urothelial carcinoma is
either papillary, nodular, or both and is often invasive. It accounts for at least 50% of all urothelial
neoplasms and responsible for disease-related death in over 65% of cases. Carcinoma in situ is a
flat, non-invasive neoplasm and usually found in urinary bladder harboring a high-grade urothelial
carcinoma. The lesion is rarely seen in urinary bladder with a low-grade papillary neoplasm. It
rarely occurs as a primary lesion, in <1% of patients with urinary symptoms of cystitis.

Both carcinoma in situ and high-grade urothelial carcinoma are aneuploid and composed of similar
tumor cells with enlarged, hyperchromatic oval nuclei with irregular nuclear contours. Prominent
nucleoli are present in almost all high-grade cancers, and may be present in carcinoma in situ.
(Fig. 4.15).
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Fig. 4.15. A. Histology of urothelial carcinoma in situ. (HE, x 200).
B. Histology of high-grade urothelial carcinoma. (HE, x 200).

These two lesions have established cytodiagnostic criteria:

¢ malignant epithelial cells present singly and in loose clusters.
e tumor cells showing a high N/C ratio, marked nuclear hyperchromasia, coarsely granular
chromatin, irregular nuclear contours and prominent nucleoli. (Fig. 4.16 and Fig. 4.17).

In contrast to invasive high-grade urothelial carcinoma, necrotic debris and inflammatory exudates
are not seen in the smear background of carcinoma in situ cases. As these two lesions may co-
exist in the same urinary bladder, it is not important to separate them cytologically. The patient
will undergo a cystoscopic evaluation with tissue biopsy for confirmation before a treatment is
initiated. As high-grade urothelial carcinomas commonly show focal areas with squamous and
glandular differentiations, malignant squamous or glandular cells are not uncommonly found in
urine sediments of patients with these high-grade neoplasms.

Fig. 4.16. Single malignant cells with enlarged, hyrchromatic nuclei, well-defined,
basophilic cytoplasm from a case of urothelial carcinoma in situ. (Pap, x 500).
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Fig.4.17. High-grade urothelial carcinoma of the bladder showing:

A. Numerous single pleomorphic malignant cells with prominent nucleoli.

B. Four large malignant epithelial cells with hypochromatic nuclei with irregular nuclear
contours and prominent nucleoli. (Pap: A and B, x 500).
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Sarcomatous urothelial carcinoma, a morphologic variant of high-grade urothelial carcinoma,
is rarely encountered in practice. It yields in urine single spindle malignant cells with prominent
nucleoli and scant, wispy cytoplasm. (Fig. 4.18).

B

Fig. 4.18. Bladder sarcomatoid urothelial carcinoma:

A. Tumor consisting of spindle cells with prominent nucleoli. (HE, x 200).

B. Urine showing isolated malignant spindle tumor cells with prominent single or double
nucleoli and wispy cytoplasm. (Pap, x500).
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OTHER TUMORS

Squamous cell carcinoma is usually well-differentiated and commonly seen in patients with
Schistosoma hematobium cystitis. It is a rare neoplasm in the United States and accounts for
about 3% of all primary bladder cancers. Cytologically, it is characterized by single and
clustered malignant keratinizing squamous cells with angulated and hyperchromatic nuclei.
(Fig.4.19).

- B
Fig.4.19. Bladder well-differentiated squamous cell carcinoma:
A. Histology of the tumor. (HE, x 200).

B. Keratinizing squamous cells with hyperchromatic, angulated or oval nuclei in voided
urine. (Pap, x 400).
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Verrucous squamous cell carcinoma is a rare variant of squamous cell carcinoma,
accounting for 3-4.6% of bladder squamous cell carcinomas in patients with Schistosomiasis
cystitis. It is rare in non-endemic areas. Verrucous carcinoma in patients with long-standing
anogenital condyloma acuminata and bladder condyloma acumunatum may be related to HPV
infection. The tumor exfoliates in urine abundant benign-appearing squamous cells. (Fig.4.20)

Fig. 4.20. Bladder verrucous squamous cell carcinoma:
A. Histology of the tumor. (HE, x 200)
B. Urine showing abundant benign-appearing squamous cells. (Pap, x 200).
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Adenocarcinoma accounts for about 2% of all bladder cancers. It occurs most commonly in
patients with bladder exstrophy and is usually of intestinal type. A well-differentiated
adenocarcinoma exfoliates in urine single and clustered malignant glandular cells with
prominent nucleoli. (Fig. 4.21). Signet-ring malignant cells with prominent nucleoli may be
seen in patients with a poorly differentiated tumor.

B

Fig. 4.21. Well-differentiated adenocarcinoma, intestinal type:

A. Histology of the tumor. (HE, x 200).

B. Urine showing clustered malignant epithelial cells with clear, vacuolated cytoplasm
and prominent, eosinophilic nucleoli. (Pap, x 500).
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Small cell carcinoma is a very rare and aggressive tumor of the urinary tract. It shows in
urine single and clustered malignant small cells with scant cytoplasm, hyperchromatic nuclei
with “salt and pepper” chromatin. (Fig. 4.22). Nuclear molding may be seen in some tumor cell
clusters.

Fig. 4. 22. Small cell carcinoma of the bladder:
A. Histology of the tumor. (HE, x 200).

B. Urine showing small malignant cells with small, round, hyperchromatic nuclei and
necrotic debris. (Pap, x 500).
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Renal cell carcinoma consists of 3 main histologic types: conventional or clear cell, papillary
and chromophobe carcinomas. The tumor may invade the renal pelvis and exfoliates its cells in
urine. The neoplastic cells usually occur in clusters and show a clear or granular cytoplasm and
prominent nucleoli. (Fig. 4.23). Sarcomatoid renal cell carcinoma is a rare histologic variant. It
may exist in pure histologic form or as a component of a conventional renal cell carcinoma.
The tumor shows in urine spindle malignant cells that are present predominantly singly.
Immunocytochemical staining of the tumor cells with CK7, CK20, p63 and renal cell carcinoma
antibodies is necessary to differentiate them from those of a sarcomatoid urothelial carcinoma.

B

Fig. 4.23. Renal cell carcinoma (RCC):

A. Histology of a conventional or clear cell RCC, grade I nuclei. (HE, x 200).

B. Bloody urine showing clustered tumor cells with clear cytoplasm, round or irregular
nuclei and inconspicuous nucleoli. (Pap, x 500).

Renal collecting duct carcinoma is an uncommon tumor. It yields in urine single and
clustered small malignant glandular cells with granular cytoplasm, oval nuclei and conspicuous
nucleoli. Tumor epithelial fragments may also be observed. (Fig. 4. 24). The tumor cell
cytoplasm, as in renal cell carcinoma, expresses cytokeratin and vimentin.
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Fig. 4.24. Renal collecting duct carcinoma.

A. Histology of the tumor. (HE, x 200).
B and C. Urine showing malignant glandular cells singly and in irregular epithelial

fragments. Oval nuclei with prominent nucleoli are evident. (Pap: B, x 200; C, x 500).
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Prostatic adenocarcinoma invading the bladder base may exfoliate its cells in urine.
The tumor is usually a high-grade adenocarcinoma that yields small clusters of malignant
glandular cells with conspicuous nucleoli. (Fig. 4.25). The tumor cell cytoplasm expresses
prostatic specific antigen.

Fig. 4.25. Prostatic adenocarcinoma:

A. Histology of the tumor. (HE, x 200).

B. Urine showing clustered malignant glandular cells with scant, clear cytoplasm and
oval or round nuclei with prominent nucleoli. (Pap, x 500).

107



DIAGNOSTIC ACCURACY AND PITFALLS

Cytodiagnostic accuracy. Depending on the tumor grade, the diagnostic accuracy of
urothelial carcinomas by urine cytology varies widely. For low-grade tumors a sensitivity and
specificity rates of 30% and 80%, respectively, have been reported.

For carcinoma in situ and high-grade tumors the cytodiagnosis is almost always
straightforward and has a sensitivity and specificity rates of 80% and 95%, respectively.
Ureteral and renal pelvis washing was reported to have a sensitivity of 50% for high-grade
tumors.

A number of ancillary tests have been developed to improve the cytodiagnostic accuracy of
low-grade urothelial carcinoma and/or to determine the risk of tumor progression. These tests
include flow cytometry and image analysis for aneuploidy determination, Bard bladder tumor
antigen test, nuclear matrix protein NMP22 test, telomerase assays, microsatellite instability
assays, hyaluronidase and hyaluronic acid assays, growth factors assays, cell adhesion
molecules, fibrinogen degradation products assays, tumor-associated and blood group
antigens and fluorescence in-situ hybridization (FISH). One multitarget FISH assay using a
combination of centrometric probes with chromosomes 3, 7 and 17 with a locus-specific probe
to band 9p21 was reported to have a sensitivity of 81% and a specificity of 96% for patients
with urothelial cancer.

Diagnostic pitfalls may be encountered in urine cytology:

1- Degenerated urothelial cells. Urothelial cells lying in hypertonic urine may show remarkable
degenerative changes. The cells become smaller and show pyknotic nuclei. A repeat
examination of a freshly voided urine sample (taken after hydration) prepared without delay
will be of diagnostic help in this case.

2- Endometrial cells: The presence of small hyperchromatic endometrial cells in a urine sample
contaminated with menstruation may cause a diagnostic pitfall, as these cells may be mistaken
for cancer cells. Therefore, the date of last menstrual period in a female patient should be
provided by the physician who orders the test.

3- Instrumentation may produce cellular changes leading to misinterpretation. An indwelling
bladder catheter may exfoliate tightly arranged atypical/reactive/repair urothelial cells
mimicking cytologic findings in a low-grade urothelial carcinoma.

4- Infection, lithiasis, radiation and chemotherapy may also cause some cellular alterations
(nuclear enlargement and hyperchromasia, conspicuous nucleoli) mimicking cells of a low-
grade urothelial carcinoma.

5- Repair renal tubular cells may show severe cellular atypias, mimicking malignant glandular
cells. The reader is referred to Chapter 5 for illustration of repair renal tubular cells.

6- Washing samples of the ureter and renal pelvis may be compounded with diagnostic errors,
as normal urothelial cells at these two anatomic sites normally display larger and
hyperchromatic nuclei, readily mistaken for malignant cells by an inexperienced observer.
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(Fig.4.26). The advantage is that the cell samples are usually bilateral and one of these is
presumably benign, for comparison.

Fig.4.26. Ureteral washing showing a fragment of urothelium with enlarged,
hyperchromatic nuclei and a high N/C ratio. (Pap, x 400).
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Chapter 5

Urine in Nonneoplastic Renal Parenchymal
Diseases

Gia-Khanh Nguyen

Urinalysis has been the cornerstone in evaluating renal parenchymal diseases since the 19"
century. It is traditionally performed by nephrologists who use a bright-field or phase-contrast
microscope to evaluate wet and unfixed urine sediments. In this method of clinical
investigation cells exfoliated from the renal parenchyma and lower urinary tract and
noncellular elements do not show well-defined microscopic features and the cell samples
cannot be kept indefinitely for retrospective studies. Cytologic evaluation of fixed and stained
urine sediments in the investigation of nonneoplastic lesions of the renal parenchyma is not
routinely performed in diagnostic cytology, and reports on this topic have been rarely
encountered in the literature. This chapter presents the cytologic findings in Papanicolaou-
stained urine sediments in renal glomerular and tubular diseases.

COLLECTION AND PREPARATION OF CELL SAMPLES

To investigate nonneoplastic renal parenchymal diseases urine samples should be prepared
according to the technique used for semiguantitative cytologic urinalysis. A sample of 100 to
200 mL of mid-stream, freshly voided urine without ethanol fixatives is immediately submitted
to the hospital cytology laboratory for processing. An aliquot of 10 mL is centrifuged at 1800
rpm for 10 min. 9 mL of the supernatant is discarded, and 4 cytospin preparations or smears
are prepared from the remaining 1 mL of the sediment by cytospin technique, with a
centrifugation speed of 900 rpm. If the cell button is judged to be too thick, it is gently
smeared with a thin coverslip. The smears obtained are immediately fixed in 95% ethanol for
5 minutes and then stained by the Papanicolaou method. All four smears are screened with a
x10 objective and selected cellular areas are carefully evaluated at a higher magnification with
a x40 objective. Different cellular elements and casts are evaluated and counted. G1 cells are
defined as distorted red blood cells (RBC) with a doughnut-like shape, membranous
protrusions or blebs and target configuration. Distorted RBCs without target configuration,
doughnut-like shape and membranous blebs or protrusions are collectively grouped with
morphologically normal RBCs as "RBCs”. A G1 cell: total RBC ratio is calculated by evaluating
200 RBCs including G1 cells.
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NORMAL URINE

In healthy individuals 0-2 renal tubular cells, 3 to 5 RBCs and 3 to 5 polymorphonuclear
leukocytes are present in each high-power field. Rare hyaline or granular casts may be
observed. (Fig. 5.1). There are, in addition, a variable number of urothelial and squamous
cells. Proximal convoluted tubular cells are cuboidal in shape, measure 20 to 60 microns in
greatest dimension and have a well-defined, coarsely granular cytoplasm and slightly
eccentrically located, single, oval nuclei. Distal convoluted tubular cells are smaller, measure
12 to 20 microns in greatest dimension and have a well-defined, finely granular cytoplasm and
centrally located, single, oval nuclei. Cells derived from collecting tubules are small and
cuboidal in shape with well-defined granular cytoplasm and centrally located, single, round
nuclei. Cells from the loops of Henle are rarely seen. These are smaller cuboidal cells with
round nuclei and scant cytoplasm.

Fig.5.1. A hyaline cast (above) and a granular cast (below) in normal urine. (Pap,
x400).

RENAL GLOMERULAR DISEASES

Microscopic hematuria is a common clinical problem and has numerous etiologies, including
renal glomerular and tubular diseases, urolithiasis, renal tumor, urothelial neoplasm, infection
of the kidney and lower urinary tract and rupture of suburothelial capillary blood vessels. Since
the clinical investigation of microscopic hematuria is costly, time-consuming and inconvenient
to the patient, identification of patients with glomerular bleeding or lower urinary tract
hematuria is desirable for further nephrologic or urologic investigation.

The most common manifestations of renal glomerular diseases are microscopic hematuria and
proteinuria. Usually the presence of red blood cell (RBC) casts in urine sediments is regarded
as an evidence of glomerular hematuria or disease. However, 38% of patients with
histologically confirmed renal glomerulopathy in Nguyen'’s 2003 study showed only an
increased number of RBCs and no identifiable RBC casts in their urine sediments.

Birch and Fairley were apparently the first investigators who reported that RBCs leaking from
renal glomeruli were dysmorphic, in contrast to normal RBCs of nonglomerular origin. This
finding proved to be of diagnostic value in some studies. However, other studies were unable
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to confirm the diagnostic value the above-mentioned observation. In 1992 Tomita et al. have
reported that urinary RBCs with target configuration, doughnut-like shape and membranous
protrusions or blebs or G1 cells constituted a reliable marker for renal glomerular hematuria.
This finding was subsequently supported by the work of other investigators. The observation
of Tomita and his associates was actually not original, as urinary RBCs with similar
morphological changes had been previously observed in urine samples from patients with
acute glomerulonephritis by Addis in 1948 and by Kohler et al. in 1991. The latter investigators
had named those RBCs acanthocytes and found that an acanthocyte/ total RBC ratio equal or
greater than 5% was associated with a glomerulonephritis in over 50% of cases. This finding
was supported by the work of Kitamoto et al. who found that a G1 cell/total RBC ratio greater
than 5% was an evidence for glomerular bleeding/disease. Despite several studies conducted
in the past two decades, morphologic criteria of dysmorphic RBCs had not been well-defined,
and the required percentage of these cells for making a firm diagnosis of glomerular bleeding
had not been uniformly agreed upon. The main reasons for the lack of well-defined
morphologic criteria of dysmorphic RBCs were that in all of those studies unfixed urine
sediments and bright-field and phase-contrast microscopes were used and that the wet-
mounted slides could not be kept permanently for review. Because of the aforementioned
reasons, there were significant discrepancies in observer interpretations of dysmorphic RBCs.
The pathogenesis of dysmorphic RBCs is largely unknown. In two studies, RBCs leaking
through diseased glomeruli were normal, and these cells acquired dysmorphic changes by
osmotic injury while passing through hypotonic renal tubules and by exposure to a
concentrated acidic urine. In another study the dysmorphic changes, in certain cases, could be
attributed to 2 consecutive injuries: mechanical injury to the cell membrane during passage
through damaged glomerular basement membranes and osmotic injuries during passage
through hypotonic renal tubules. In the study conducted by Ye and Mao, a combination of a
mechanical injury to the cell membrane, osmotic injury and exposure to acidic urine was
suggested to be necessary to cause dysmorphic changes of RBCs. The absence of G1 cells in
urine sediments in patients with severe renal tubular injury has indicated that G1 cells could
not be formed in the absence of a glomerulopathy, and this finding supported the work of Ye
and Mao who have suggested that a mechanical injury to RBC membranes was needed, in
addition to intratubular osmotic injuries, to produce dysmorphic changes of RBCs infiltrated
through diseased renal glomeruli. G1 cells were not seen in renal tubular or lower urinary
tract bleeding, according to Nguyen'’s 2008 study.

A G1/total RBC ratio varying from 10-100% indicates a renal glomerular bleeding. If G1 cells
are not identified, at least 50% of renal glomerular diseases will be missed by urine cytology in
patients with renal glomerular diseases showing no RBC casts in urine. In the absence of RBC
casts the presence of G1 cells alone in urine sediments has correctly predicted the presence of
a glomerular lesion in at least 86% of the cases, according to Nguyen’s 2008 report.

As G1 cells are formed in acidic urine with high osmolarity, first morning urine samples are
more suitable for detection of G1 cells. Random or spot urine that is often diluted and alkaline
is less suitable for G1 cell detection, and diluted urine samples from patients with impaired
renal function and from individuals with excessive water intake are suboptimal for G1 cell
detection. Urine samples contaminated with vaginal secretion may obscure G1 cells. Therefore,
perineum washing in women is required prior collection of voided urine samples for SCU. Urine
collected by bladder catheterization is suboptimal for SCU as it contains abundant RBCs and
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urothelial cells. Faulty collection or preparation techniques are usually the main reasons for a
false-negative result. Freshly voided urine without ethanol fixatives is the best sample for
identifying G1 cells, as a long fixation in ethanol will destroy RBCs and RBC casts.

Effort should be made to identify pseudo-G1 cells that are artifactual changes and these cells
are more commonly seen in important urinary tract bleedings of nonglomerular origin and they
are not a marker of renal glomerular bleeding. Urine sediments containing pseudo-G1 cells
always show only RBCs with target configuration that have a thick hemoglobin rim with outer

and inner smooth contours and no membranous fragmentation and blebs or protrusion, as
seen in G1 cells. (Fig.5.2). The morphogenesis of pseudo-G1 cells is unknown.

@
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Fig. 5.2. Pseudo-G1 cells. (Pap, x 500).
CYTOLOGIC FINDINGS
In Nguyen’s 2003 study of 178 patients with histologically confirmed renal glomerular diseases
4 smear patterns were identified, and each pattern was associated with different types of renal

glomerular lesion/disease.

1. G1 Cells only: This pattern was the most common one and present in 54% of patients.
(Fig.5.3).

2. G1 Cells and RBC Casts: This pattern was present in 20% of patients. (Fig. 5.4).
3. RBC Casts and No G1 Cells. This pattern was present in about 18% of patients.

4. Normal RBCs only. This finding was seen in less than 10% of patients.
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Fig 5 3 A ‘Numerous G1 ceIIs in urlne sediment of a patient with IgA nephropathy: G1
cell with target configuration (arrow head), G1 cell with doughnut-like shape (short
arrow) and G1 cell with membranous blebs (long arrow). (Pap, x 800).From: Nguyen

GK: Renal glomerular disease screening: practical value of G1 cell.Russian News of
Clinical Cytology. 2008; 12:13, with permission.

i. .4. Nuerus RBCs including G1 cells and RBC casts. (Pap, x 100).

Patients with renal glomerular disease usually present with either a nephritic syndrome or nephritic
syndrome.

Nephritic syndrome is characterized by the presence of numerous RBCs and RBC casts In urine
sediment and it is commonly found in patients with acute glomerulonephritis, IgA nephropathy and
rapidly progressive glomerulonephritis.

Nephrotic syndrome is usually present in patients with minimal change disease, focal
glomerularsclerosis, membranous nephropathy and membranoproliferative glomerulo-nephritis.
Some conditions such as HIV-associated nephropathy, systemic lupus erythematosus, Hepatitis C
viral infection can be associated with either a nephrotic or nephritic syndrome. However, exceptions
do exist. A nephrotic syndrome is characterized cytologically by the presence of renal tubular cells
with large intracytoplasmic fat droplets, fatty casts, a few RBCs and no RBC casts. (Fig. 5.5).
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Fig. 5.5. A patient with focal glomerular sclerosis with nephrotic syndrome showing in urine:
A. A cluster of renal tubular cells with intracytoplasmic fat droplets. (Pap, x 500).

B. A tubular fatty cast, a tubular epithelial cell (above) and a few polymorphonuclear
leukocytes. (Pap, x 400).

ACUTE TUBULOINTERSTITIAL NEPHRITIS

The disease has several etiologies including drug reaction (antibiotics, nonsteroidal anti-inflammatory
drugs, diuretics), systemic bacterial infection or viral infection. Most cases are drug related, and
when no cause is found it is classified as idiopathic. Clinically the disease is most commonly
characterized by fever, flank pain, microscopic hematuria and eosinophilia. The urine sediment
shows numerous polymorphonuclear leukocytes, white blood cell casts, renal tubular cells and
abundant or rare eosinophils that can be well-visualized by Wright stain. (Fig. 5.6).
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Fig. 5.6. Acute tubulointerstitial nephritis showing in urine:
A. An increased number of renal tubular cells (RTC). (Pap: A, x 500)

B. A RTC cast. (Pap: B, x 200)

C. A white blood cell cast containing several polymorphonuclear leukocytes.
D. Several eosinophils. (C and D, x 500).

CHRONIC TUBULOINTERSTITIAL NEPHRITIS

The main causes of this disease are obstructive uropathy, reflux nephropathy, heavy metal
exposure (lead and cadmium) and prolonged ingestion of acetaminophen. It is characterized
by a decreased urine output, metabolic hyperchloremic acidosis and hyperkalemia. The urine
sediment shows a few thick broad hyaline/granular casts and a number of inflammatory cells.
(Fig.5.7).

Fig. 5.7. Thick broad hyaline casts and polymorphonuclear leukocytes. (Pap, x 400).
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ACUTE RENAL FAILURE

Acute renal failure (ARF) is characterized by a sudden increase of BUN and serum creatinin and
oliguria. Polyuria is present in some cases. It is classified into 3 types: prerenal, postrenal and renal.

1. Prerenal ARF is caused by poor renal perfusion of different reasons. The urine sediment is hormal
and shows only a few hyaline casts.

2. Postrenal ARF is caused by an obstruction of urinary tract by an urinary stone, enlarged prostate or cancer
invasion obstructing the urine flow. The urine sediment is also normal in this case and some crystals may be
observed.

3. Renal ARF is caused by intrinsic renal diseases such as acute tubular necrosis, acute glomerulonephritis and
acute tubulointerstitial nephritis.

Acute tubular necrosis (ATN) is caused by hypotension and endogenous or exogenous
nephrotoxins. It can be oliguric or polyuric. Endogenic nephrotoxins include myoglobin, crystals and
Bence Jone proteins. Myoglobinuria is secondary to rhabdomyolysis that may occur in patients with
alcoholic abuse, crush injury, prolonged coma or seizures. The patients have a high serum CK level
and hyperkalemia and show in urine sediments numerous myoglobin pigment casts, in addition to
renal tubular cells (RTC), RTC casts and RBCs, and no G1 cells are identified. (Fig. 5.8).

Uric acid crystals are seen in patients with hyperuremia secondary to chemotherapy for leukemia,
lymphoma and some solid cancers. Bence Jones proteins are detected in patients with multiple
myeloma. Exogenous nephrotoxins include antibiotics, radiographic contrast material and
cyclosporine. Antibiotics include gentamycin, tobramycin and amykacin. Aminoglycoside-induced
ATN is nonoliguric. An ATN is characterized by the presence of numerous RTCs and a few RTC casts
in urine sediments. RBC casts may be seen if a severe tubular bleeding is present but no G1 cells are
identified. The RTCs stain positively with vimentin antibody while other benign epithelial cells in urine
do not. (Fig. 5.9).
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Fig. 5.9. Severe renal tubular injury/ATN showing numerous renal tubular cells in urine

sediment (A). The tubular cell cytoplasm expresses vimentin, an important feature (B).
(Pap:A, x 400; ABC:B, x 400).

Acute glomerulonephritis and Acute interstitial nephritis. The urine cytologic findings in
these two conditions have been previously discussed.

4. Acute Renal Transplant Rejection may occur any time in patients with renal transplant. The

urine sediment in this situation shows evidence of a renal tubular injury that is characterized by an
increased number of RTCs, several CD4 and CD8 positive T-cells, RBCs and RBC casts. (Fig. 5.10).
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Fig. 5.10. Acute renal transplant rejection:

A. Histologic picture of a lymphocytic tubulitis. (HE, x200).

B. Urine showing numerous lymphocytes, RBCs and an RBC cast. (Pap, x400).

An acute renal transplant rejection may mimic a polyomavirus nephritis clinically and histologically.
A polyomavirus nephritis may show renal tubular cells with characteristic nuclear features of
polyomavirus infection. The diagnosis may be further confirmed by immunostaining of the
abnormal tubular cells with a commercially available polyomavirus antibody or by identification of
40-50-nm icosahedral virus particles in the sediment of a negative urine (negative for cells with
changes characteristic for polyomavirus infection)by electron microscopy. A rapid and accurate
diagnosis of acute renal transplant rejection is very important, as the therapeutic approaches are
different: increased immunosuppression for rejection and decreased immunosuppression for
polyomavirus nephritis.
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CHRONIC RENAL FAILURE

Chronic renal failure is characterized by a progressive azotemia over weeks or months. The patient
usually has isosthenuria and hypertension. Both kidneys are small on ultrasono-graphy or CT scan,
and radiologic evidence of renal osteodystrophy is present. It is secondary to renal
glomerulopathies, tubulointerstitial nephritis, polycystic kidneys, Alport syndrome, obstructive
nephropathy and hypertension. The patient’s urine sediment may show a few broad casts, and
RBCs and RBC casts may also be seen. Dysmorphic RBCs are usually not seen even in patient with
a prior history of renal glomerulonephritis.

RENAL TUBULAR INJURY AND REPAIR TUBULAR CELLS

Renal tubular injury of mild or moderate degrees is common and usually asymptomatic. It islt is
caused by numerous reasons including ingestion of some foods, chemical substances or drugs with
nephrotoxic effects. Examination of the patient’s urine sediment will reveal an increased number of
RTCs.

Renal tubular injury has been arbitrarily classified as mild, moderate and severe by Schumann
based on the number of RTCs present in 10 high power fields (x 40 objective). A diagnosis of a mild
or moderate renal tubular injury is made when the number of RTCs is greater than 50 or between
100 and 200, respectively. When the number of RTCs is greater than 200 a severe renal tubular
injury is present. Injured RTCs are replaced by repair RTCs that develop from residual RTCs within
renal tubules.

Repair RTCs are large and measure up to 100 microns in greatest dimension and display
regenerative changes that are characterized by cytoplasmic basophilia, enlarged and hyperchromatic
nuclei, prominent nucleoli and occasional mitoses; and intracytoplasmic vacuoles may be observed.
Repair RTCs may occur singly but more often in small clusters of 10 to 20 cells with acinar
arrangement. Nuclear pleomorphism may be present. Repair RTCs may be mistaken for malignant
glandular cells by an inexperienced observer. Usually repair RTCs in the same specimen display a
spectrum of nuclear changes ranging from mild to severe atypia with a variable degree of nuclear
pleomorphism, hyperchromasia and chromatin clumping. Conspicuous or prominent nucleoli are
usually present. (Fig. 5.11).
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Fig. 5.11. Repair renal tubular cells:
A. An aggregate of repair renal tubular cells (RRTC) showing basophilic or vacuolated
cytoplasm, oval nuclei and conspicuous nucleoli.
B. A group of RRTCs with prominent nucleoli forming a rosette.
C. A cluster of RRTCs with some having a columnar configuration with tapered cytoplasm.
(Pap: A to C, x 500)

Repair RTCs express cytokeratin and vimentin while normal urothelial cells are negative for vimentin.
(Fig.5.12). Expression of vimentin is a feature of regenerative and damaged RTCs. These cells
should be differentiated from those of a renal cell carcinoma that also express cytokeratin and
vimentin. Renal cell carcinoma cells express, in addition, renal cell carcinoma antigen that can be
demonstrated by immunocytochemical staining. Clinical and diagnostic imaging findings will provide
additional information to rule out a renal tumor.
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Fig. 5.12. A to C. Clustered pleomorphic RRTCs with prominent nucleoli showing a positive
cytoplasmic staining reaction to vimentin antibody (ABC stain on cells previously stained with
the Papanicolaou method, x 500)
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OTHER CONDITIONS

Fungal casts may be found in urine sediments of patients with renal candidiasis. (Fig.5.13). Clusters
of renal tubular cells with yellow bile-stained cytoplasm may be found urine of a patient with severe
jaundice and hepatorenal syndrome. (Fig.5.14). Malakoplakia in a rare chronic granulomatous
disease that may affect the lower urinary tract and kidney. Cases with malakoplakia involving the
renal parenchyma presenting with acute renal failure and fever of unknown origin, have been
reported. Macrophages with intracytoplasmic round Michealis-Gutmann bodies may be identified in
those patients’ urine sediments. (Fig.5.15).

Fig. 5.13. A large fungal cast in urine sediment of a patient with renal candidiasis. (Pap, x 200).

Fig.5.14. A cluster of renal tubular cells showing “yellow” bile-stained cytoplasm in urine
sediment of a patient with hepatorenal syndrome and jaundice. (Pap, x 500).
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Fig. 5.15. A degenerated macrophage with intra cytoplasmic Michealis-Gutmann body
and one degenerated renal tubular cell in voided urine of a patient with renal
malakoplakia. (Pap, x 400).
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