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A Simple and Practical Guide for Triaging Lymphocyte-rich
Effusions for Ancillary Studies
Chih-Yi Liu, MD* and Shih-Sung Chuang, MD†

Abstract: Lymphocyte-rich effusions of the body cavities may represent a reactive/benign condition, primary effusion lymphoma, or
systemic lymphoma with secondary malignant effusion, either as initial presentation or as a late complication. Cytomorphologic examination is essential and fundamental for diagnosis and may provide
important clues to the nature of diseases. However, based on morphology alone, cytologic diagnosis of lymphocyte-rich effusions could
be very challenging, particularly when the lymphocytes are small.
Cytologists/cytopathologists might be uncertain when a lymphocyterich effusion specimen warrants a comprehensive hematopathologic
workup. Herein we present a simple and practical algorithmic
approach. On the basis of the cytomorphology of lymphocytes (small
vs. large cells), presence or absence of cellular atypia, and clinical
information (an earlier history or current lymphoma), the lymphocyte-rich effusion samples could be triaged for ancillary studies
including immunophenotyping and molecular assays if indicated.
Incorporation of cytomorphology, correlation with clinical information, and appropriate application of various ancillary techniques is
mandatory for a correct diagnosis of lymphocyte-rich effusion
specimens.
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ffusions in the serous cavities comprising predominantly
of lymphocytes occur in a variety of benign or malignant
conditions. Lymphoma involving the body cavities is not
uncommon and has been reported to account for up to 15% of
malignant serous effusions.1–3 Lymphomatous effusions might
either be primary or secondary. In secondary cases, lymphomatous effusions more commonly represent a complication of a widely disseminated disease and seldom as initial
presentation.2,4
Effusions with > 50% lymphocytes has been deﬁned as
lymphocytic or lymphocyte-rich effusion and is a diagnostic
challenge.5 Reactive lymphocytosis consisting predominantly of small lymphocytes may mimic low-grade or small
cell lymphomas.6–8 It is very difﬁcult, or nearly impossible,
to distinguish this group of lymphomas from reactive lymphocytosis based on cytomorphology alone.1,9 The diagnostic accuracy of cytology in lymphoma cases is variable
and is signiﬁcantly increased by the use of ancillary studies
such as ﬂow cytometry, immunocytochemistry, and molecular testing. Over the past 2 decades, there has been
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signiﬁcant improvement in the diagnosis of lymphoma with
the aid of these ancillary assays for effusion specimens.6–16
Lymphocyte-rich effusions are common in routine
cytopathology service, and the decision for ancillary tests
should be carefully made. A cost-effective approach to
lymphocyte-rich specimens may provide clinically useful
information and may reduce unnecessary ancillary testing.17
The decision for submitting lymphocyte-rich specimens for
ancillary studies is based on a judicious evaluation of the
cellular morphology, cellularity, volume of the specimens,
and pertinent clinical information such as a previous history
or clinical suspicion of lymphoma. An algorithm that takes
into the consideration the cytomorphology and clinical
information allows for cost-effective selection of cases that
warrant a comprehensive workup.1,17–19 In general, for
effusions submitted with either a known history or a clinical
suspicion of lymphoma, lymphocyte-rich effusions should
be triaged for appropriate ancillary studies.
As part of the effort to minimize diagnostic errors, a few
groups have examined and proposed the best ways to characterize lymphoproliferative disorders in effusions.1,3,15,20,21 To
our knowledge, there are no established practice guidelines in
selecting lymphocyte-rich effusion samples for ancillary
workup. Various diagnostic algorithms for lymphocyte-rich
effusions have been proposed.1,3,15,19–21 On the basis of our
experience and the previously proposed algorithms by the
others, cytomorphologic evaluation in combination with clinical ﬁndings is effective in increasing the diagnostic sensitivity
for lymphocyte-rich effusions. However, we consider some of
the previously proposed algorithms too complicated and might
not be practical to apply in daily practice.4,15 In this review, we
propose a simple-to-use triaging algorithm with various
examples focusing on the diagnostic approaches for lymphocyte-rich effusion specimens and with recommendations on the
appropriate application of ancillary studies.

MORPHOLOGIC ASSESSMENT OF EFFUSION
SPECIMENS

In addition to mesothelial cells, effusion ﬂuids contain a
variety of non-neoplastic cells, including macrophages and
other blood-derived cells and various incidental cellular or
noncellular elements.5 The blood-derived cells may include
red blood cells, lymphocytes, neutrophils, eosinophils, and
basophils. Their respective proportions depend on the extent
of peripheral blood contamination and the cause of effusion.5
Most benign effusions show various mixtures of neutrophils,
lymphocytes, macrophages, red blood cells, reactive mesothelial cells, and/or eosinophils.4 Effusions with > 50% lymphocytes are deﬁned as lymphocytic or lymphocyte-rich
effusions,5 which are frequently diagnostic challenges in
cytology as reactive and neoplastic lymphocytes in low-grade
lymphomas often mimic each other.7,14
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The differential diagnoses of lymphocyte-rich effusions
should include reactive lymphocytosis, malignant small round
cell tumor, and lymphoma.7 To ensure judicious use of
resources, the ﬁrst step for cytologic diagnosis will be an initial
microscopic review by a cytopathologist.1,14,18 The general
diagnostic principles for assessing lymphoproliferations in
nodal cytology specimens are applicable to effusion specimens, that is, a polymorphous lymphoid population with
normal maturation favors a reactive condition, whereas a
monotonous lymphoid population is suggestive of a lymphoproliferative disorder. A predominance of speciﬁc lymphocytic populations (small vs. intermediate vs. large cells)
and/or lack of maturation lead to the suspicion for lymphomatous effusion.22 However, difﬁculties do exist when the
ﬂuid specimens show cellular degeneration or contain a signiﬁcant inﬂammatory background.8 In general, benign lymphocytic effusions tend to be comprised mainly of small
mature lymphocytes. These lymphocytes may range from
small and mature to reactive forms that can include occasional cells with plasmacytoid and/or immunoblastic features.1
Sometimes these small lymphocytes coexist with larger reactive lymphocytes, histiocytes, and/or mesothelial cells.
Low/medium-power examination of the cellular pattern is essential for cytologic diagnosis. The cellular
components maybe monomorphic or polymorphic. A
monomorphic cellular composition always suggests a lymphoid neoplasm,15 whereas a polymorphic cellular composition more commonly suggests a reactive lesion, although
the latter feature alone could not exclude the possibility of
lymphoma. In lymphomatous effusions, cellular populations
can occasionally be polymorphic with a smaller amount of
admixed histiocytes and mesothelial cells, or more frequently monotonous comprising mainly of either small or
large cells if involved by low-grade or high-grade lymphoma, respectively. Thus, the index of suspicion should be
high for lymphocyte-rich effusion specimens in the context
of patients with a history or a clinical suspicion of
lymphoma.
Under high-power examination, we may deﬁne the
cellular size and the nuclear features. In terms of cell size,
some used a 2-tier (small vs. large) scheme, whereas others
used a 3-tier (small, intermediate/medium, or large) scheme
for classiﬁcation.1,15,19,21 In our opinion, we consider that a
3-tier category might not be easy to apply as it is often
difﬁcult to separate small-sized from medium-sized lymphocytes. In this review for triaging lymphocyte-rich effusion specimens, we propose a 2-tier scheme to classify the
predominant cells into either small/medium-sized or large
cell–predominant pattern. We consider the following cellular features as atypia: cleaved or folded nuclei, irregular
nuclear contours, coarsely textured chromatin, and clotted
or soccer-ball-like chromatin pattern.

A Simple and Practical Triage Algorithm
Proposed for Lymphocyte-rich Effusions
Figure 1 depicts our simple-to-apply algorithm for
triaging the lymphocyte-rich effusion specimens. First of all,
we begin with cell size of the lymphocytes in the effusions
and separate the specimens into either small cell versus large
cell–predominant patterns. For small cell–predominant
specimens, it would be difﬁcult to differentiate neoplastic
cells from reactive lymphocytosis based on cytomorphology
alone. The second step is to evaluate the presence or absence
of cellular atypia in these small lymphoid cells. The small
cells will be considered benign/reactive when there is no
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FIGURE 1. A simple and practical algorithm for triaging lymphoid-rich serous effusions. The initial step is the assessment of
predominant cellular components with a 2-tier scheme (small vs.
large). For the small cell–predominant group, the second step is
to check for cellular atypia. Those with cellular atypia, presence of
a history of earlier or concurrent lymphoma, or clinical suspicion
of lymphoma should be further investigated with ancillary studies.
The cases composed predominantly of small cells without cellular
atypia are probably benign and there is no need for ancillary
studies. All large cell–predominant cases warrant further investigation with ancillary studies. EBER indicates Epstein-Barr virus–
encoded small RNA; ICC, immunocytochemistry.

cellular atypia, or a history or clinical suspicion of lymphoma. In such cases, ancillary studies are not recommended. Effusion specimens from patients with a previous
history or clinical suspicion of lymphoma should be viewed
with a heightened index of suspicion and be subjected to
ancillary studies even if the lymphocytes are small. However, ancillary studies are recommended for all large cell–
predominant specimens.

Small Cell–predominant Pattern
Small/medium-sized lymphoid cells are deﬁned as those
having a diameter less than that of 2 mature lymphocytes.
Cytodiagnosis of lymphoma with small- to medium-sized cells
can be extremely tricky. Appreciation of a dual population
consisting of foreign-appearing cells in a background of small
lymphocytes or reactive mesothelial cells is extremely helpful.
For the distinction of benign reactive lymphocytes versus
lymphoma cells, the recognition of atypical nuclear and
cytoplasmic features is the initial step in differential diagnosis.
As aforementioned, the absence of cellular atypia and an
earlier history of concurrent lymphoma indicate that the small
lymphocytes in the effusions are benign, with no need for
ancillary studies. However, the presence of cellular atypia and/
or an earlier history of concurrent lymphoma should suggest
further workup with ancillary studies.15,19,20
A monotonous small cell pattern of lymphocyte-rich effusions usually indicate a malignant process. In investigating such
effusion specimens, we recommend using ﬂow cytometry and/or
cell block with immunocytochemistry for delineating cellular
lineage. Please refer to earlier studies/review articles for detailed
descriptions on the application of ﬂow cytometry in effusion
cytology specimens.8,11,14,16 After deﬁning the phenotype (B cell
vs. T cell), we then suggest to go on with more speciﬁc markers
and to correlate with clinical features for a deﬁnitive diagnosis of
the lymphoma type according to the 2017 World Health
Organization (WHO) classiﬁcation of lymphoid neoplasms. For
example, Figure 2 depicts a monotonous small lymphocyte-rich
specimen in the pleural effusion from a young adult. High
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FIGURE 2. A 29-year-old man presented with a mediastinal mass and massive pleural effusion. A, Papanicolaou stain shows numerous
lymphoid cells (×400 magnification). B and C, High-power views show mostly small lymphoid cells that are slightly larger than the
admixed small lymphocytes (with a very dense chromatin pattern; ×1000 magnification). D, A close-up view shows irregular nuclear
contours and a fine chromatin pattern. E–I, Flow cytometric immunophenotyping of the pleural effusion shows a population of neoplastic
cells in addition to mature B lymphocytes and T lymphocytes. These atypical lymphoid cells (Q2 in all these 5 panels) express CD1a and
TdT. They also aberrantly express CD10 and are double positive for CD4 and CD8, consistent with T-lymphoblastic lymphoma. Please see
this image in color online.

cellularity and cellular atypia indicated a malignant process.
Flow cytometry with immunophenotyping conﬁrmed
T-lymphoblastic lymphoma, which could secondarily involve
pleural ﬂuids. Cytologically, T-lymphoblastic lymphoma is

composed of small blastic cells, with a high nuclear-to-cytoplasm
ratio and a ﬁne chromatin pattern. The nuclei can be particularly
convoluted with irregular contour or nonconvoluted with round
or oval shapes.19,20 Mitosis and phagocytosis could be observed
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in the background. T-lymphoblastic lymphoma should be considered if pleural effusion is composed of predominant small/
medium-sized lymphoid cells in young or middle-aged male
patients with a mediastinal mass.19,20 The monomorphic nature
of the cell population is a clue to diagnosis, and detailed
immunophenotypic study contributes to the cytologic diagnosis.
For those lymphocyte-rich effusion samples showing a
high cellularity and a monotonous pattern, ancillary studies
are recommended if there are cellular atypia, even without any
history of lymphoma. Figure 3 shows a challenging case of
low-grade follicular lymphoma. The effusion specimen is
monotonous under low-power examination. Under high
power, the smear contains small- to medium-sized lymphoid
cells with irregular nuclear contours/cleaving, a feature distinct from the background small reactive lymphocytes with
round nuclei and condensed chromatin. Ancillary studies and
correlation with clinical information are the keys to a correct
diagnosis in such cases.
Figure 4 depicts another example of monomorphic lymphocyte-rich effusion specimen comprising predominantly of
small/medium-sized cells using Papanicolaou stain. Interestingly, the cellular component pattern seems to be more
polymorphic using Wright-Giemsa stain, particularly under
high-power examination, which also shows intracytoplasmic
azurophilic (cytotoxic) granules. Cell block section with
immunocytochemistry and correlation with clinical information
conﬁrm this case as a rare example of monomorphic epitheliotropic intestinal T-cell lymphoma with malignant ascites.
It is noteworthy that polymorphic cellular composition
is more commonly seen in a reactive condition, yet occasionally this might be present in a neoplastic process.
Figure 5 depicts a polymorphic cellular component in the
low/medium-power view. High-power view shows characteristic plasma cells with plasmacytoid morphology, abundant eosinophilic cytoplasm with perinuclear hof (more
readily appreciable in the Romanowsky-type stain), and
eccentric clock-faced nuclei. These atypical plasma cells
show a marked nuclear atypia with multilobulation, suggestive of a neoplastic process. Mature plasma cells may be
present in effusions, but if they were dominant, plasma cell
myeloma should be considered in the differential diagnosis.
In plasma cell myeloma, malignant effusion is a rare late
complication associated with poor prognosis.
Other than plasma cell myeloma, plasmacytoid cells can
also be identiﬁed in lymphoplasmacytic lymphoma, a neoplasm
comprising small B lymphocytes, plasmacytoid lymphocytes,
and plasma cells, and usually involving bone marrow with a
frequent association of serum immunoglobulin M paraprotein.23
The great majority of lymphoplasmacytic lymphoma cases
( > 90%) carry MYD88 L265P mutation, but this mutation is
rare in other lymphomas.24,25 The morphologic hint to the
diagnosis is an admixture of small lymphocytes, plasmacytoid
cells, and plasma cells.22 Cytologically, lymphomatous effusions
by lymphoplasmacytic lymphoma may comprise predominantly
small lymphocytes, and these cases would easily be misdiagnosed
as negative/reactive. MYD88 L265P mutation analysis could
serve as a useful adjunct in distinguishing benign from lymphomatous effusions in patients with lymphoplasmacytic
lymphoma.26 Therefore, the cytopathologists should pay attention to any earlier history of hematolymphoid malignancy.
One diagnostic pitfall for small lymphocyte–
predominant pattern is classic Hodgkin lymphoma. Classic
Hodgkin lymphoma is a nodal-based disease and may secondarily involve body cavities. For effusions with small
lymphocyte–predominant pattern, we should check for any
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history of an earlier or concurrent classic Hodgkin lymphoma; and if present, we should perform detailed
cytomorphologic examination to search for Hodgkin and
Reed-Sternberg cells.1,12,27

Large Cell–predominant Pattern
In general, small cell–predominant lymphomatous
effusions are usually secondary, whereas large cell–
predominant effusion lymphomas might either be primary or secondary. Large lymphocytes are deﬁned to have
a diameter > 3 to 4 times of a mature small lymphocyte or
red blood cell.15 They are usually readily recognizable from
the background cellular constituents, and the large cells in
effusions are nearly always neoplastic. High-grade lymphomas are usually composed predominantly of large
lymphocytes and these large cells could either be monomorphic or pleomorphic. Large atypical lymphocytes
usually exhibit considerable cytologic atypia, namely,
irregular or lobulated nuclei, distinct nucleoli, and may
exhibit cytoplasmic vacuoles in Romanowsky-type stains
(Fig. 6). The large cells might be admixed with anaplastic
cells with kidney-shaped nuclei or multinucleation, features
usually indicating high-grade lymphomas.2 The background in high-grade lymphomas usually includes cellular
apoptosis, necrosis, or degeneration; they are valuable for
diagnosis. Furthermore, lymphogranular bodies may be
present in the background, which is a distinct feature from
metastatic carcinomas.
Large cell–predominant effusion specimens are easier for
diagnosis by cytomorphology than the small cell–predominant
samples. Flow cytometry and/or cell block preparation is the
second step for deﬁning B-cell versus T/natural killer (NK)-cell
origin. Diffuse large B-cell lymphoma is the most common
lymphoma type, with a relatively frequent manifestation of
serous effusions.14 In the study of Chen et al,15 almost half
(46%) of effusions from diffuse large B-cell lymphoma patients
were cytologically diagnosed as lymphomatous dissemination.
In our recent retrospective study of lymphomatous effusions in
a tertiary center from Taiwan, B-lineage lymphomas were
more frequent with malignant effusions than their T-cell
counterparts, with diffuse large B-cell lymphoma/high-grade
B-cell lymphoma as the most common type.28
Other than diffuse large B-cell lymphoma with secondary
effusion involvement, large cell/high-grade B-cell lymphoma
might occur primarily in the pleural cavities without detectable
masses. Primary effusion lymphoma is deﬁned in the revised
2017 WHO classiﬁcation as a large B-cell lymphoma presenting
as serous effusion, occurring most often in the setting of
immunodeﬁciency, and is universally associated with human
herpes virus 8 (HHV8), whereas effusion-based lymphoma is
morphologically similar to primary effusion lymphoma, but is
HHV8-negative and is associated with ﬂuid overload status.29
Both primary effusion lymphomas and effusion-based lymphomas are composed of large cells with immunoblastic,
plasmablastic, or anaplastic morphology with bizarre tumor
giant cells and plasmablastic phenotype.29 Interestingly, we
recently reported a group of primary effusion lymphoma-like
effusion lymphomas which were usually of B-cell phenotype
and were unrelated to HHV8, human immunodeﬁciency virus,
or ﬂuid overload status.30 As this group of neoplasms was
distinct from classic primary effusion lymphoma, we designated
it as type II primary effusion lymphoma, in contrast to classic
or type I primary effusion lymphoma as deﬁned in the WHO
scheme.30 Other than these types of primary effusion lymphoma, we recently reported a large (high-grade) B-cell
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FIGURE 3. A 61-year-old woman presented concurrent with right inguinal lymphadenopathy and right pleural effusion. A, The inguinal
lymph node is replaced by numerous follicles (hematoxylin and eosin sections, ×40 magnification). B, The follicle is composed mainly of
centrocytes admixed with some centroblasts indicating a low-grade follicular lymphoma (hematoxylin and eosin sections, ×1000
magnification). C, Imprint cytology of the lymph node shows mainly small- to medium-sized atypical lymphocytes (Liu stain, ×1000
magnification). Papanicolaou stain of the concurrent pleural effusion shows mainly small- to medium-sized lymphocytes (D, ×1000
magnification) with irregular nuclear contours (E, close-up view). F, Cell block section shows an admixture of small lymphocytes and
mesothelial cells (hematoxylin and eosin section, ×1000 magnification). G–J, Flow cytometric immunophenotyping of the pleural effusion
shows that the majority of the gated lymphocytes are reactive T cells (CD5-positive and CD20-negative). B cells express CD10, CD19, and
CD20 and are monotypic for cytoplasmic lambda light chain expression, consistent with follicular lymphoma with malignant pleural
effusion. Please see this image in color online.
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FIGURE 4. A 63-year-old man was admitted to hospital with ascites and suspicion of jejunal tumor. A, Papanicolaou stain of the ascitic
specimen of monomorphic epitheliotropic intestinal T-cell lymphoma shows numerous discohesive small- to medium-sized lymphocytes
with round-shaped nuclei and slightly irregular nuclear contours (×400 magnification). B–D, Wright-Giemsa stain shows numerous
atypical lymphocytes with vesicular nuclei and irregular nuclear contours in a background of many degenerative cells and apoptotic
bodies (B, ×200; C, ×400). Close-up views (D) show many intracytoplasmic azurophilic granules in the tumor cells. E, Cell block section
shows numerous small- to medium-sized atypical lymphocytes (hematoxylin and eosin section, ×400 magnification). Immunocytochemistry shows that these atypical lymphocytes express CD3 (F, ×400). Flow cytometric immunophenotyping shows that these
atypical lymphocytes express CD3, CD8 (partial), and CD56 with aberrant loss of CD5 (data not shown). Please see this image in color
online.

lymphoma occurring solely in pleural effusion in a patient
treated with tyrosine kinase inhibitor dasatinib for chronic
myeloid leukemia.31
Pleomorphic lymphomatous cells in the body ﬂuid may
represent various aggressive lymphoma types such as primary
effusion lymphoma, effusion-based lymphoma, diffuse large
B-cell lymphoma, anaplastic large cell lymphoma, and T-cell
and NK/T-cell lymphomas.30,32–34 It is noteworthy that
cytoplasmic characteristics may provide additional clues to
the identiﬁcation of tumor cells. Atypical cytoplasmic features
include diffuse or copious cytoplasmic granularity and
cytoplasmic vacuoles. For example, readily recognizable
cytoplasmic projections with tongue-like protrusions or handmirror cell conﬁguration are characteristics of T-cell lymphoproliferative disorder.32,35 Neoplastic cells from cytotoxic
T-cell lymphomas and extranodal NK/T-cell lymphoma
contain various-sized tumor cells with basophilic cytoplasm,
cytoplasmic protrusions, and azurophilic granules (Figs. 4, 7).
Other than the morphologic recognition of atypical cells, the
background characteristics are useful diagnostic clues.
Increased mitotic ﬁgures, tingible body macrophages, and
abundant apoptotic bodies or nuclear debris indicate rapid
cellular turnover and favor a neoplastic process.19

CYTOLOGY PREPARATION AND ANCILLARY
TESTS
Cytospin Versus Liquid-based Preparations
For microscopic identiﬁcation and enumeration of cells,
cytocentrifugation method such as cytospin preparation

is used to prepare ﬂuid specimens. After sample processing,
the ideally prepared cytologic slides are sent for both
Papanicolaou and Romanowsky-type stains after alcohol
ﬁxation and air drying, respectively. A ﬂuid sample can also
be processed for cytologic evaluation utilizing cell block
techniques.
Liquid-based preparation or liquid-based cytology is
an alternative technique for the collection and preparation
of various cytologic specimens. Liquid-based preparative
methods provide an even distribution of cells over a smaller
slide area and optimal preservation. Rossi et al13 reported
that liquid-based cytology diagnoses in effusion cytology are
comparable to those obtained with traditional smears, and
offer potential use for additional methodologies. However,
the nuclear and cytoplasmic sizes of lymphoid cells in liquidbased cytology appear to be smaller than those in conventional specimens. Besides, cytoplasmic features such as
vacuoles and granules are better appreciated on cytospin
preparations.36 The cytopathologists should reﬁne the
diagnostic criteria when using liquid-based preparations.
Therefore, the combined use of conventional cytospin smear
and ancillary analyses on liquid-based preparations is feasible, particularly in specimens with inconclusive morphologic ﬁndings.

Romanowsky-type Stains
Romanowsky-type stains, including Giemsa, DiffQuik, Wright, Wright-Giemsa, or Liu, are the prototypical
stains used in hematology laboratories and are effective in
assessing the cytomorphology of hematopoietic cells,
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FIGURE 5. A 60-year-old woman with malignant pleural effusion. She was diagnosed with plasma cell myeloma 13 months ago after
chemotherapy. A–E, Cytospin smears show numerous small- to medium-sized abnormal plasma cells, smaller than reactive mesothelial
cells. These plasma cells show abundant cytoplasm with a perinuclear hof and irregular nuclear contours, some multilobated (A–C, Liu
stain; D, E, Papanicolaou stain). F, Cell block section shows atypical plasma cells with nuclear pleomorphism and amphophilic cytoplasm
(magnification: A, D, ×400; all others, ×1000). Flow cytometric immunophenotyping shows that these plasma cells express cytoplasmic
CD138 and are monotypic for lambda light chain (data not shown). Please see this image in color online.

particularly cytoplasmic features. Cytoplasmic granules or
vacuoles of atypical lymphoid cells are more prominent in
the air-dried, Romanowsky stains.32,37 These stains can also
highlight background details and emphasize the heterogeneity and polymorphism of cellular populations.27 Furthermore, Romanowsky-stained cytospin preparations are
particularly suitable for immediate specimen assessment
in situations where conﬁrmation of specimen adequacy is
crucial.22 In effusion, cytology smears with Romanowskytype stains, lymphocytes, red blood cells, neutrophils, eosinophils, and basophils are morphologically similar to those
from blood and bone marrow specimens. Furthermore, as
mentioned previously, azurophilic granules of cytotoxic
T-cell lymphoma and extranodal NK/T-cell lymphoma
would be readily appreciable in this type of stains, but not in
Papanicolaou stain.

Papanicolaou Stain
Papanicolaou stain is commonly used for both conventional smears and liquid-based cytology slides. In general, alcohol ﬁxation with Papanicolaou stain emphasizes
the nuclear details comparable to Romanowsky-type stains.
Papanicolaou and Romanowsky-type stains highlight distinct cellular features, thereby producing complementary
diagnostic information.27 For effusion cytology specimens,
we advocate that Romanowsky-type and Papanicolaou
stains be used together as they are complementary to each
other and that both stains should be used whenever the
quantity of collected materials permit.32

Cell Block and Hematoxylin and Eosin Stain
The cell block technique can avoid cell loss during the
processing of ﬂuid specimens, a major advantage over the
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FIGURE 6. A 75-year-old woman with a mediastinal tumor and bilateral pleural effusions. A and D, Papanicolaou-stained smear shows
heterogenous populations of lymphoid cells comprising mainly of large cells. The large cells are at least 2 to 3 times the size of a small
lymphocyte, with oval or lobulated nuclei and prominent nucleoli. B and E, In Liu-stained cytospin smear, the neoplastic cells exhibit
irregular-shaped or lobulated nuclei and a rim of cytoplasm with variable-sized vacuoles. C, Histologic section of the mediastinal core
biopsy shows atypical lymphoid cells with irregular nuclear contours and scattered multilobated cells. F, The tumor cells diffusely express
CD79a, consistent with the diagnosis of diffuse large B-cell lymphoma (magnification: D, E, ×1000; all others, ×400). Please see this
image in color online.

conventional cytologic method. Formalin ﬁxatives can better preserve the antigenicity and cytomorphologic features
suitable for histologic evaluation. The hematoxylin and
eosin–stained samples allow “microhistology” of the cellular
elements in effusion cytology. However, the main purpose of
cell block preparation is the preservation of cellular components and provision of materials for subsequent ancillary
tests. It is worth noting that cell block may be unsatisfactory
if cellularity is low in effusion specimens. When possible, the
amount of serous ﬂuid submitted to the laboratory should
be of sufﬁcient volume for both cytologic and cell block
preparations.16

Ancillary Tests for Effusion Specimens
For serous effusions submitted with either a known history or a clinical suspicion of lymphoma, it is important to
select the appropriate specimens and to determine specimen
adequacy for ancillary tests. Limitations of diagnoses using
effusion cytology are related to technical issues associated
with the procedure itself, and intrinsic factors such as extensive necrosis/degeneration or intermixed inﬂammatory cells.
Insufﬁcient sampling results in a paucicellular specimen that is
inadequate for ancillary studies. If there are sufﬁcient numbers
of viable lymphoid cells, the implementation of prompt triage
algorithm, preferably a simple one as our Figure 1, permits
the application of ancillary technique to cytology samples.
The application of immunophenotyping by ﬂow cytometry to body cavity effusions has proven to be extremely useful
for subtyping lymphocytic populations, a good adjunctive to
cytomorphology.6–16 The prerequisite for this assay is viable
cells without ﬁxation by alcohol or formalin. Flow cytometry
can provide hematologic immunophenotyping in effusions,

especially valuable in patients with a previous history or
current clinical suspicion of non-Hodgkin lymphoma.4
According to a recent study on ﬂow cytometry in effusion
specimens, using a combination of clinical history and speciﬁc
cytomorphologic features could help guide appropriate
specimen triaging.17 That study identiﬁed features associated
with positive ﬂow cytometry ﬁndings, including a history of
hematologic malignancy, peripheral blood lymphocytes of
≥ 20%, the presence of a monomorphic lymphoid population,
large atypical cells, and mitoses.17 However, although ﬂow
cytometry is an invaluable tool, it is important for the cytopathologists to understand its limitations.8 The lymphocytic
population of reactive effusions consists practically exclusively
of T lymphocytes and that a large population of CD3-positive
cells is not indicative of a T-cell lymphoma.14 As compared
with immunocytochemistry, ﬂow cytometry with immunophenotyping is powerful in demonstrating monotypic light
chain expression, either surface or cytoplasmic, and in providing clonal evidence for B-cell neoplasms, particularly for
low-grade B-cell neoplasms. However, identiﬁcation of clonality in T-cell neoplasms depends on aberrant antigen
expression, T-cell receptor Vβ repertoire analysis, or clonality
assay for T-cell receptor gene rearrangement.14,16,38,39 Flow
cytometry is complementary to cytology and should be used
in difﬁcult, but not in unselected cases.4
When the effusion specimens have been ﬁxed, a cell
block should be prepared. Immunocytochemistry using cell
block sections is widely adopted in cytologic diagnosis of
effusion specimens. This is a cost-effective approach to
evaluate the various lineage markers, which can help
establish a preliminary/early diagnosis when there are no
available fresh samples for ﬂow cytometric analysis.
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FIGURE 7. Pleural effusion from an 87-year-old male with extranodal natural killer/T-cell lymphoma. A, Pleomorphic tumor cells with
frequent apoptosis and necrotic debris in the background (Papanicolaou, ×400). B, Anaplastic cells with multilobulated nuclei (Papanicolaou, ×1000). Liu (C, D, E) shows intermediate to large lymphoma cells with markedly irregular nuclear contours, basophilic
cytoplasm, cytoplasmic protrusions, and azurophilic granules (C, ×400; D, E, ×1000). Cell block preparation (F, G) shows numerous large
and pleomorphic lymphoid cells (hematoxylin and eosin; F, ×200; G, ×400). Immunohistochemical study shows that the lymphoma cells
are positive for TIA-1 (H). Nearly all tumor cells are positive for Epstein-Barr virus–encoded small RNA (EBER) (H, I, ×400). Please see this
image in color online.

Effusions often contain a large number of viable and
well-preserved cells in suspension. Furthermore, virtually
any molecular test can be applied to effusion specimens,
with results similar to tissue biopsies.9 The use of ﬂuorescence in situ hybridization to document the presence of
speciﬁc gene translocations is crucial in effusions of patients
with a speciﬁc history, such as demonstration of MYC
translocation in patients with a history of B-cell lymphoma
or Burkitt lymphoma.16,40 The application of polymerase
chain reaction for the detection of clonal rearrangement of
B-cell and T-cell receptor genes has been proved useful in
the differential diagnosis between reactive or neoplastic
lymphoproliferations.9 In situ hybridization for EpsteinBarr virus (EBV)-encoded mRNA using cell block sections
is useful in conﬁrming the integration of EBV into lymphoma cells. It is useful in further characterization of certain
types of large cell lymphomas such as primary effusion
lymphoma, EBV-positive diffuse large B-cell lymphoma,
and extranodal NK/T-cell lymphoma, nasal type.30,32,41

In the past 2 decades, there is a dramatic leap in genetic
discovery in various diseases. Among these, MYD88 L265P
mutation analysis has been shown to be a good supplement
for the diagnosis of low-grade B-cell lymphomas. Allele‐
speciﬁc polymerase chain reaction for MYD88 L265P
mutation analysis is useful in distinguishing benign from
lymphomatous effusion by lymphoplasmacytic lymphoma.26
In the study by Chen et al,15 they detected deletions in TP53
or RB gene in plasma cell myeloma with malignant effusions,
which are associated with a poorer prognosis than plasma cell
myeloma with IGH translocation on 14q32. Molecular analysis may also provide crucial information for tumor classiﬁcation and prediction of prognosis.9,15

DISCUSSION
Assessment of lymphocyte-rich effusions depends on a
comprehensive evaluation of morphologic, immunophenotypic, genetic features, and clinical information rather than
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relying on morphology alone. High-grade lymphomas usually
show a marked cytologic atypia, helpful in the identiﬁcation
of malignancy. However, in small cell–predominant specimens ancillary studies such as ﬂow cytometry and clonality
assessment play an important role when cytologic atypia
alone does not allow the distinction between reactive lymphocytosis and lymphoma. When the etiology of a microscopically non-neoplastic effusion remains unexplained, and
particularly if it is accompanied by lymphadenopathy, ﬂow
cytometry should be performed to rule out or prove the
presence of an indolent lymphoma.14 The efﬁcacy of cytodiagnosis may depend on different factors, including variations in phenotyping techniques and interpretative algorithms,
and the experience of the cytopathologists.6,14,17
Gochhait et al19 presented an algorithm on how to
approach lymphocyte-rich effusion in body ﬂuids using a case
of mediastinal T-lymphoblastic lymphoma involving ascitic
ﬂuid as an example. They incorporated high cellularity, cellular pleomorphism, frequent mitoses, and deep blue cytoplasm into their algorithm. Furthermore, the evaluation of
peripheral blood picture was emphasized in their proposed
algorithm, followed by ﬂow cytometry and/or immunocytochemical studies. There are too many factors in their proposed algorithm and the cells were classiﬁed as blasts, small,
intermediate, or large, which makes the proposal too complicated for daily practice. Using 2 cases of T-lymphoblastic
lymphoma as examples, Chen et al20 stressed the importance
of cellular morphology (monotonous, small- to medium-sized
lymphoid cells with prominent mitosis and apoptosis) and
proposed an algorithm using detailed immunophenotyping to
diagnose T-lymphoblastic lymphoma in patients with an initial symptom of pleural effusion and insidious cytologic
morphology. Subsequently, the same group proposed a more
complicated algorithm combining morphology, immunophenotyping, and molecular ﬁndings.15 The lymphoid cells were
divided into 5 groups: small, intermediate, large, plasmacytoid, or Reed-Sternberg–like. Following initial cytomorphologic assessment, the expression pattern of the basic panel of
CD3, CD20, and Ki-67 was evaluated, and then they recommend stepwise immunocytochemical markers for characterizing those cases with small cells for speciﬁc diagnosis.
Their approach using immunocytochemistry for a speciﬁc
lymphoma type was comprehensive, but the major shortcoming is that it could be very subjective and sometimes
difﬁcult to separate the cases with small cells from intermediate-sized cells. In the Discussion section of their paper,
they referred to the tumor cells under 2 broad categories:
small/intermediate lymphocytes (mantle cell lymphoma, small
lymphocytic lymphoma, lymphoplasmacytic lymphoma, or
lymphoblastic lymphoma) versus large/intermediate lymphocytes (diffuse large B-cell lymphoma, Burkitt lymphoma, or
anaplastic large cell lymphoma), reﬂecting that a 2-tier scheme
for cell size is probably more practical than a 3-tier scheme.15
Walts et al1 developed an algorithm based on a combination of clinical history, peripheral blood lymphocyte
counts, and cytomorphology (small vs. large cell size) to
select those that were likely to beneﬁt from hematopathologic workup. Their proposed algorithm was tested retrospectively and was able to correctly triage 256 (99.2%) of the
258 cases of lymphocyte-rich effusion specimens, including
196 (100%) cases of reactive lymphocytosis and 60 (96.8%)
cases of lymphoma/leukemia, indicating that the combination of clinical information and a 2-tier scheme for lymphocytic cell size provided a reasonable triaging approach.1
However, in their algorithm, the cases with small cells were
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considered “probably reactive” and were not subject to
further workup if there was no marked peripheral lymphocytosis. With this approach the cases with low-grade follicular lymphoma but devoid of peripheral lymphocytosis
(leukemic transformation) as shown in Figure 3 might be
missed. Accordingly, we proposed to check for cellular
atypia in small cell–predominant cases in our algorithm
(Fig. 1).
Tong et al3 evaluated the effectiveness of using an
algorithm for triaging serous effusions and the contribution
of ancillary studies to reach a speciﬁc type of lymphoproliferative disorder. To triage lymphocyte-rich effusions for
appropriate ancillary studies, cell-surface immunophenotyping was performed using either ﬂow cytometry or laserscanning cytometry. With the application of multiple
ancillary tests, successful subtyping of lymphoproliferative
disorders was achieved in ∼33% of cases of serous effusion
samples, which was certainly not satisfactory. In our opinion, the most important diagnostic issue in lymphocyte-rich
effusion specimen is to identify/conﬁrm the cases with a
neoplastic nature. Effusion specimens might be enough/
sufﬁcient for diagnosing some speciﬁc WHO-deﬁned lymphoma types, but a diagnosis of most of the other lymphoma types has to be based on biopsy specimens with
clinical correlations, which is the underlying rationale of the
WHO scheme. We advocate that it is not necessary, and
maybe unwise, trying to speciﬁcally subtype the lymphomas
using effusion specimens alone. In accordance with this, a
complicated algorithm trying to cover all lymphoma types
using the effusion specimens is unrealistic and might be
misleading.
Worldwide, there is always a ﬁnancial constraint from
the health care providers, either private or public/national,
particularly during or even after the COVID-19 pandemic.
For lymphocyte-rich effusion specimens, a cost-effective
approach for triaging such specimens is desired. The initial
cytologic assessment plays a fundamental and efﬁcient role
in triaging specimens. An ideal algorithm should be practical in day-to-day clinical practice, and the major aim will
be the identiﬁcation of neoplastic cases from reactive lymphocytosis with minimal ﬁnancial resources. In comparison
to the above-mentioned algorithms, ours is relatively simple
for triaging lymphoid-rich effusions. We believe that our
2-tier system for cell size and the evaluation of cellular
atypia in the small cell–predominant group are practical and
applicable for daily practice.

CONCLUSIONS
Malignant effusion as a complication of lymphoma or
leukemia is not uncommon. Awareness of the diagnostic
limitations and pitfalls is of utmost importance for a correct
cytologic diagnosis of lymphomatous effusion. For general
pathologists or cytopathologists, it is important to triage/
select the lymphocyte-rich cases for cost-effective ancillary
studies. The ancillary studies are guided by the initial
cytologic evaluation and clinical information, which also
provide the framework for proper interpretation of the
subsequent immunophenotypic and molecular assays. In
this review, we proposed a simple and easily applicable
algorithm that could be used as a cost-effective approach for
triaging lymphocyte-rich effusion specimens. Assessment of
cytomorphologic features should be applied in a stepwise or
algorithmic way to triage cases for subsequent workup/
assays to reach a correct diagnosis.
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