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ABSTRACT
Primary, metastatic and non-neoplastic pleural diseases can have similar clinical,
radiographic and gross features. But treatment and prognosis vary greatly and so accurate diagnosis
is important. Liquid based cytology (LBC) is a highly specific diagnostic tool but with limited
sensitivity. Cell block (CB) and immunocytochemistry (IHC) can resolve this. This study compares
sensitivity and diagnostic specificity of CB preparation versus LBC for detection of malignancy in
fluid cytology, to assess usefulness of IHC and study frequency of occurrence of pleural diseases in
studied population. A cross sectional observational study was carried out from January 2018 to
December 2018 in the Department of Pathology, on 100 patients with pleural effusion. Along with
LBC preparation, cell blocks were prepared using Plasma Thrombin clot method. Thyroid
transcription factor 1(TTF-1), p63, p40 and calretinin immunostaining was used for further
diagnosis. Majority of the samples were in age of 51–70 years. Male: female ratio was
1:1.18.Carcinoma of the breast was the most common primary in females followed by lung in males.
Eight suspicious cases were subjected to IHC. On LBC preparation, 30 cases (41%) of pleural ﬂuid
effusion were positive for malignancy which on employing cell block increased to 36 cases (49.3%).
The sensitivity and specificity of CB preparations compared to LBC preparation were 89% and 85%
respectively. The CB and IHC staining should be integrated into LBC in clinical practice to improve
diagnostic accuracy of pleural effusion.
KEYWORDS: Pleural effusion, liquid-based cytology, cell block, plasma-thrombin clot,
immunohistochemistry
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INTRODUCTION
Primary, metastatic and non-neoplastic pleural diseases can have similar clinical, radiographic and
gross features. But treatment and prognosis vary greatly and so accurate diagnosis is important.
Pleural effusion is the most common symptom. Thoracentesisis a diagnostic procedure for patients
with pleural effusion.1To differentiate between transudative or exudative causes and for the detection
of unsuspected cancers and metastasis from cancer of unknown primary origin, pleural fluid
examination has been accepted as a routine laboratory procedure.2Thediagnostic rates of cytology in
malignant pleural effusion (MPE) range from 40% to 80%, whereas cell block preparations detect
85% to 87%.3,4,5
Liquid-based cytology (LBC) is accepted as routine practice in patients with advanced cancer.35,7

LBC is a highly specific diagnostic tool but with limited sensitivity.3.8Differentiating reactive

entity from malignancy needs extensive study of morphological features like architectural, nuclear
and cellular details along with clinical and radiological findings. To increase the diagnostic accuracy
of cytology, cell block (CB) method was developed which also allows to perform specialstains,
immunocytochemistry (IHC).9,10,11Many benign reactive processes show significant atypical features
mimicking malignant changes. Likewise, a few malignant condition slack sufficient atypical changes
for a clear diagnosis of malignancy. With the advent of immunocytochemistry this problem can be
largely resolved.
The objective of our study was to compare the sensitivity and diagnostic specificity of cell
block preparation versus LBC technique for detection of malignancy in fluid cytology, to assess the
usefulness of IHC and to study frequency of occurrence of various pleural diseases in the study
population.

MATERIALS AND METHODS
A cross sectional observational study was carried out in Department of Pathology, Institute of
Post Graduate Medical Education and Research, Kolkata for a period of 1 year from January 2018 to
December 2018, on all patients >15 years of age admitted with pleural diseases (clinically and radio
graphically) under Chest Medicine Department. Written informed consent was obtained from all
patients before commencement of the procedure.

Approval of the study was taken from the

Institutional Ethics Committee. Necessary clinical data about the enrolled patients was collected as
per proforma.
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Pleural fluid cell count and Liquid Based Cytology
The procedure was performed within 60 min of receiving the fluid sample. Pleural fluid
samples were sent in heparinized tubes. The physical characteristics of the fluid was examined for
their appearance, color, and coagulum. Adenosine Deaminase (ADA) level was also considered.
Total leukocyte count was obtained using the Neubauer modified counting chamber. Total leukocyte
count was less than 300/µL and Light’s criteria was applied to classify transudative and exudative
effusion.
At first, the samples were processed to produce LBC slides using BD Sure PathTM following
the manufacturer’s protocol for sample preservation and slide preparation. Briefly,after fluid
collection, samples were prepared bycytocentrifugation for 10 min at 2,000 rpm in Rotina-380.The
supernatant was decanted off and the remaining pellet was treated with 5-10 ml of BD CytoRichTM
preservation liquid. Using TriPath Imaging Multi Vial Vortexer, it was set to vortex at 60 minutes,
followed by centrifugation for 10 minutes and the supernatant was decanted. Then a representative
sample (1-5 drops) was transferred to 12 ml tube,10ml water was added and centrifuged for 5
minutes. The labelled 12 ml centrifuge tubes were loaded onto BD Prep StainTMslide processor for
processing.

Cell Block study
About 15 mL of pleural fluid was centrifuged at 2000 rpm for 10 min. The supernatant was
decanted off. The pellet was wrapped in filter paper. Coagulation of the pelletwas done by adding 2
– 3 drops of plasma and 3 – 4 drops of thrombin. It was placed in a cassette, embedded in paraffin,
and cut and stained in the manner of histologic sections. The sections were reported by using light
microscope at different magnification.

Immunohistochemistry
The suspicious specimens were subjected to immunohistochemistry (IHC) by peroxidase antiperoxidase technique for further categorization. Calretinin [clone: polyclonal] was used for
reactive mesothelial cells and thyroid transcription factor 1 (TTF-1) [Monoclonal Mouse Antibody;
clone:8G7G3/1] was used to confirm the adenocarcinoma cells from ovarian (serous), breast,
intestinal, and lung primary and p40 [ Monoclonal Mouse Antibody; clone: ZR8], p63[Monoclonal
Mouse Antibody;clone:4A4]for squamous cells. Proper controls for respective IHC stains were used
and staining of tissues was assessed for nuclear or cytoplasmic positivity.
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STATISTICAL ANALYSIS
Statistical analysis was done in Graph Pad In Stat 3.

RESULTS
100 cases of pleural fluid were included. Most common age group of the patients were 51 to
70 years with male to female ratio of 1:1.18.Most common symptoms include cough (52%) and
shortness of breath (45%) which were followed by chest pain (2%) and fever (1%). Among the 100
cases, 25 were transudative and 75 were exudative.
Majority of pleural fluid were straw in color (54%) followed by hemorrhagic pleural
effusions (40%). Pus was aspirated only in 5 cases (6%). During cell typing, lymphocytes were the
most common cells found followed by polymorphs, mesothelial cells, and atypical mononuclear
cells.
Of 75 cases of exudative pleural fluid cases, 2 were insufficient. So, 73 cases were included.
As shown in Table1, on LBC35 cases(47.9%) were benign and 30 cases(41%) were malignant. The
remaining 8 cases (10.9%) were suspicious for malignancy. On histological examination of cell
block preparation,34 cases(46.6%) were benign followed by 36(49.3%) malignant cases and
suspicious cases reduced to 3 (4.1%).Architectural patterns, such as glands, sheets (Figure 2B),threedimensional cell clusters (Figure 3C) and cell balls were commonly observed in the CB method,
whereas, singly scattered cells(Figure 1A) were predominant findings in LBC.

Figure 1:Cytologic, Histologic, Immunohistochemistry findings in a patient with Lymphocytic Pleural
Effusion(A) LBC smear demonstrates lymphocytes (Papanicolaou staining, x400)(B) corresponding cell block
section of the same patient (hematoxylin and eosin staining, x100) (C) corresponding cell block section of the same
patient (hematoxylin and eosin staining, x400)(D) corresponding cell block section of the same patient showing
calretinin positivity (x400)
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Table 1: Analysis of discrepancies Liquid Based cytology and Cell Block technique in pleural fluid (N=73)
Liquid based cytology
Benign
Suspicious
Malignant
Total

Cell block method

Number
35
8
30
73

Percentage
47.9
10.9
41.0
100

Number
34
3
36
73

Percentage
46.6
4.1
49.3
100

8 suspicious cases were subjected to immunohistochemistry using calretinin, p63 (Figure
2C), p40 (Figure 2E) and TTF-1 as shown in Table.2. 2 cases were confirmed with malignancy using
TTF-1 (Figure 3D) and 2 cases (25%) were confirmed benign by calretinin (Figure 1D). IHC was
done as supporting cell block finding in 4 cases (50%).

Figure 2: Cytologic, Histologic, Immunohistochemistry findings in a patient with Metastatic Pleural Effusion
(Squamous Cell Carcinoma). (A) LBC smear demonstrates clusters of atypical cells (Papanicolaou staining, x400)
(B) corresponding cell block section of the same patient (hematoxylin and eosin staining, x100) (C) corresponding
cell block section of the same patient showing p63 nuclear positivity (x400) (D) corresponding cell block section of
the same patient (hematoxylin and eosin staining, x400) (E) corresponding cell block section of the same patient
showing p40 nuclear positivity(x400)
Table 2: Distribution of patients according to theirimmunohistochemistry findings(N=8)
Category
Confirmed malignancy by
IHC
Confirmed reactive by
IHC
IHC done as supporting
cell block finding
TOTAL
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Number
2

p40
-

p63
-

calretinin
-

TTF-1
+

Percentage
25

2

-

-

+

-

25

4

+

+

-

+

50

8

Page 517

Rama Saha et al., IJSRR 2019, 8(3), 513-523

Figure 3: Cytologic, Histologic, Immunohistochemistry findings in a patient with MetastaticPleural Effusion
(Adenocarcinoma). (A) LBC smear demonstrates metastatic adenocarcinoma with tumor cells arranged in threedimensional configuration (Papanicolaou staining, x400)(B) corresponding cell block section of the same patient
(hematoxylin and eosin staining, x100). (C) corresponding cell block section of the same patient (hematoxylin and
eosin staining, x400). (D) corresponding cell block section of the same patient showing TTF-1 nuclear
positivity(x400)

The sensitivity and specificity of CB preparations compared to LBC preparation for the
detection of malignancy were estimated to be 89% and 85% respectively. Positive predictive value
being 88.88% and negative predictive value being 86.95%. While comparing the LBC technique and
CB methods, it was found that CB produced significantly better results (P = 0.03) while detecting
malignant lesions and reducing suspicious results (P = 0.02).

DISCUSSION
Cytological examination of pleural fluids is a non-invasive technique. Thoracentesis to
retrieve pleural fluid for examination is well accepted as an initial investigation. The cytological
examination of serous effusions has increasingly gained acceptance in clinical medicine for the
diagnosis of malignant lesions as well as staging and prognosis.2Malignant pleural effusion is a
common complication of pulmonary and breast carcinomas. During thoracentesis, closed-blind
pleural biopsy can be performed simultaneously to obtain pleural tissue for histology. But its
diagnostic yield is less sensitive than LBC, as pleural metastases tend to be focal in the parietal
pleura.12,13Pleural biopsy sometimes fails to provide adequate tissue.
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In Liquid Based Cytology, two methods are well known, Thin PrepR and BD Sure PathTM.
We have used BD Sure PathTM for our study. Thin Prep Sample (TPS) method is a vacuum filtration
method, whereas Sure Path Sample(SPS)method is a density-gradient centrifugation method. In SPS
system, the cell-enrichment process substantially removes blood, mucus, and up to 50% of
inflammatory cells from the diagnostic material, resulting in an enriched cellular sample, providing
better visualization of clinically relevant cells. SPS with ethanol-based fixative provides cellular
detail more familiar to thecytologist than the methanol-based fixative used by TPS.14Even though the
area of the smear is smaller than in conventional preparations, SPS preparations are on an average
more cellular with a cleaner background. Norimatsuet al., and Bentz et al., demonstrated that reduced
cellularity on TPS slide glass from bloody samples results from blood and fibrin competing with
epithelial cells and clogging the TPS filter pores.14,15Sweeney et al., and Kenyon et al., have shown
that specimens processed in the SPS system had effectively no loss of cellularity with any amount of
added mucus.16,17
The sediment from centrifuged pleural fluid can be processed as CB for histology, to enhance
the diagnosis. In malignant pleural effusion diagnosis, LBC has certain advantages over conventional
smear(CS). Features usually associated with CS such as thick, overlapping cellular areas, obscuring
inflammation and blood and air-drying artifact result in poor cellular and nuclear preservation. CS
are tedious and time-consuming to screen due to no uniform slide preparation and fixation.LBC is an
automated process and increase the diagnostic accuracy.18But discriminating malignant cells among
reactive mesothelialcells and macrophages in the pleural fluid is challenging using only the
morphological features detected by LBC. However, CB has certain advantages provides better
cellular morphological details, such as better nuclear and cytoplasmic preservation, intact cell
membrane and crisp chromatin and cellularity is high which is concentrated in one small area that
can be evaluated at a glance.19,20
Although some studies have evaluated cell morphology and IHC performance of CB using
different fixatives.21,22There is no consensus guideline in this process, leaving the choice up to each
institute based on availability and cost-affordability. In this study, we have used the Plasma
Thrombin clot (PT) method. Preparation of the PT block involved the least technical details. It was
the simplest and the least time-consuming process and could be performed at room temperature as
compared to HG (HistoGel) and CTC (CytoLyt-prefixed thrombin clot)method. In cell blocks
prepared with the PT, cells tend to aggregate in the center of the clot and the cut sections. PT blocks
revealed the best overall morphologic preservation with minimal artifacts. Cells in the HG sections
exhibited exaggerated cytoplasmic vacuoles, denser cytoplasm, and more frayed cytoplasmic
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borders, whereas cells in the CTC sections exhibited more cellular shrinkage and increased nuclearcytoplasmic holes.23
In this study, due consideration was given to age, sex, site of effusion, clinical and
radiological findings, to arrive at a final diagnosis and also to identify the primary malignant lesion.
Maximum samples were in the age group of 51–70 years. Least number of patients were in the age
group of 15–30 years. Male: female ratio was1:1.18. Similar findings were observed by Khan et al.
and Dey et al.19,24The present study results for primary lesions were correlating with the Sears and
Hajduand Johnstonstudies.25,26Sears and Hajdureported that the most common primary neoplasms
causing pleural effusions were carcinoma of the breast (24%), followed by lung (19%) and lymph
reticular system (16%), and in 15% of the cases the primary site was unknown. In our study for
pleural fluid analysis, carcinoma of the breast (30%) was the most common primary followed by
primary in the lung (25%) and gastrointestinal tract (20%) and in 10% of the cases the primary site
was unknown. Most of the pleural effusions were of the adenocarcinoma type.
On routine cytological examination30 cases (41%) of pleural ﬂuideffusion was reported positive for
malignancy which on employing cell block increased to 36 cases (49.3%). An additional increase of
six cases of malignancy contributing to 9.3% in the diagnostic yield was observed in our study by
using cell block which is similar to findings of Bhanvadia VM et al., and Thapar M et al., who
observedan additional increase of 14% and 10% respectively in diagnostic yield on employing cell
block method in addition to routine cytologicalexamination.27,28We observed pericellular lacunae in
more than 50% cases of adenocarcinoma cases considered to be helpful diagnostic feature in these
cases.Priceet al. also observed pericellular lacunae in the adenocarcinomacases in CB method.29
LBC and CB had no role in diagnosis of noninfectious inﬂammatory pleuritis and transudative
effusion. Clinical manifestations and biochemical analysis are required to obtain a diagnosis in these
conditions. In our study we performed immunohistochemistry in 8 suspicious cases.Several
investigators have demonstrated that calretinin is a sensitive and specific marker for both benign and
malignant mesothelial cells.30,31In this study, the reactive mesothelial cells of 2 benign cases
demonstrated calretinin nuclear enhancement with strong membrane positivity.TTF-1 showed
nuclear positivity in 4 cases thus confirming to be adenocarcinoma lung. 2 cases showed p63 and
p40 nuclear positivity proved squamous cell carcinoma lung.

CONCLUSION
To conclude, analysis of CB preparations and TTF-1, p63, p40, calretinin immunostaining
along with LBC showed a convincing diagnostic performance. Our present study results showed that
the cellblock technique, by using plasma thrombin clot was a simple, inexpensive method, and did
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not require any special training or instrument. The CB method yielded more cellularity and better
architectural patterns which improved the diagnosis of malignancy by 9.3%. Multiple sections could
be obtained if required for special stain or an Immunohistochemistry (IHC) study. Considering the
synergistic effects, the CB method and IHC staining should be integrated into LBC in routine clinical
practice to improve the diagnostic accuracy of pleural effusion, especially in cases in which
malignancy is suspected or those showing equivocal cytological features.
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