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Abstract 

Background: Malignant pleural effusion missed routinely because of less diagnostic yield of conventional fluid cytology 
like fluid cytology. Fluid cell block is underutilsed techniques routinely and less utilized in diagnostic panel due to lack of 
expertise in filed of cytopathology. Materials and methods: Prospective multicentric study conducted during Jan 2014 
to June 2020 in Venkatesh chest hospital, and Pulmonary Medicine, MIMSR medical college Latur, to find out diagnostic 
yield of conventional pleural fluid cytology& pleural fluid ‘cell block’ in malignant pleural effusion and compare yield of 
pleural fluid cell block with conventional cytology technique. The study included 500 cases of unexplained, exudative 
pleural effusion with ADA<30/IU/liter and pleural fluid cytology is either positive for malignant cell with or without cell 
type differentiation, or cytology suspicious for malignant cell. All cases were subjected to cell block preparation. 
Statistical analysis was done by using chi-test. Observation and analysis: In study of 500 cases, mean age of group was 
68±9.5 years and adenocarcinoma were predominant malignancy in 79% cases, mesothelioma in 6% cases, squamous 
cell carcinoma in 7% cases & 8% cases were having primary tumor outside the thoracic cavity. In study cases pleural 
fluid cytology was positive in 42% cases (210/500), and pleural fluid cell block was positive in 96% cases (480/200) in 
detecting malignant pleural effusion (p<0.0001), Remaining six and two cases were diagnosed by using image guided 
and thoracoscopy guided pleural biopsies respectively. IHC was done in all pleural fluid cell block preparation for 
calretinin, cytokeratin and EGFR. Conclusion: Pleural fluid cell block is sensitive, superior, cost effective and specific 
diagnostic method over conventional pleural fluid cytology. 'Cell block' specimens are enough for primary diagnosis and 
IHC analysis necessary for cell typing. It will decrease need for more invasive and costlier diagnostic methods like 
thoracoscopy and image guided pleural biopsies. We recommend cell block for every exudative pleural fluid sample 
with ADA<30 IU/liter. 

Keywords: Malignant Pleural Effusion, Pleural Fluid Cell Block, Cytology, Lung Cancer.  

INTRODUCTION  

Lung cancer is a leading cause of cancer-related mortality worldwide, with non-small cell lung cancer 
(NSCLC) accounting for around (80%-85%), of lung cancers [1]. Although pleural effusion is one of the 
clinical signs of malignant disease, its accurate diagnosis is sometimes difficult. Determining the diagnosis 
of pleural effusion is important in planning the appropriate management and in the prognostication of the 
malignant disease [2-4]. Thoracentesis and/or closed pleural biopsy are generally considered as the first 
step for diagnosis of pleural effusion because these procedures can be easily performed even in 
outpatients. Some studies have reported that the diagnostic yield of cytology by thoracentesis was (62%), 
to (90%), and that of closed pleural biopsy was (40%), to (75%) [4]. 

Cytologic techniques have been universally recognized as the most important diagnostic tool in the 
recognition of malignant tumors in effusions [5]. Accurate identification of the exact nature of cells 
(benign/ malignant/reactive) is often a practical problem in conventional cytology smears (CS), due to 
overcrowding of cells, cell loss and different laboratory processing methods [6]. 

On the other hand, cell block is also a useful method to evaluate pleural effusion by enabling observation 
of tissue architecture and providing additional sections that are easily available for special stains and 
immunochemistry [7,8]. 

Quincke in 1882, first published detailed description of cancer cells in abdominal and pleural fluids using 
cell films from sediment [9]. while Bahrenburg first introduced cell block technique or paraffin embedding 
of sediments in 1896 [10]. Many techniques for CB are described like the plasma thromboplastin method 
[11], bacterial agar method [5,11], simplified cell block technique [11,12], compact cell block technique [13], 
histogel technique [14], and Fixed sediment method (FSM) [11]. 
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In this study we assessed diagnostic yield of pleural fluid cell block in 
comparison to conventional fluid cytology. We also assessed utilization 
of cell block specimens for immunohistochemistry analysis.  

MATERIALS AND METHODS 

Prospective multicentric study conducted in Venkatesh chest hospital, 
and Pulmonary Medicine, MIMSR medical college Latur during Jan 
2014 to June 2020, to find out diagnostic yield of conventional pleural 
fluid cytology in malignant pleural effusion and its comparison with 
pleural fluid cell block specimens. We also analyzed 
immunohistochemistry analysis of cell block specimens. Total 500 cases 
of unexplained, exudative pleural effusion were enrolled in study after 
ethical committee approval and written informed consent of patient. 

Inclusion criteria 

1. Recurrent and unexplained, exudative pleural effusion.  

2. Exudative pleural effusion with pleural fluid ADA <30/IU/liter  

3. Hemorrhagic or reddish colored pleural effusion with ADA 

<30/IU/liter. 

4. Pleural fluid cytology is either positive for malignant cell with 

or without cell type differentiation, or cytology suspicious for 

malignant cell. 

5. Clinical and radiological feature suggestive of malignant 

pleural effusion. 

Exclusion criteria 

1. Transudate pleural effusion. 

2. Exudative pleural effusion with ADA>44 IU/Liter and high 

index of suspicion for tuberculosis. 

3. Bilateral pleural effusion with co-morbidity like heart failure, 

kidney disease, or hypoproteinemia, anemia. 

4. Cases not willing to participate in study or not willing for 

pleural fluid aspiration.  

Methodology 

Cases attending outdoor unit after scrutinizing inclusion and exclusion 
criteria with high index of suspicion of malignancy on clinical and 
radiological criteria were enrolled in study. All 200 study cases 
undergone pleural fluid aspiration and at least 100 ml pleural fluid is 
aspirated as per standard guidelines for thoracentesis. Pleural fluid 
aspiration was done under ultrasound guidance and aspirated fluid was 
divided in to two aliquots, one sent for cytology and second for cell 
block preparation. All study samples were evaluated by two different 
cytopathologists and oncopathologists having expertise in field of 
thoracic oncology. Those cases not diagnosed by fluid cytology or cell 
block were undergone image guided pleural biopsy and thoracoscopy 
guided pleural samplings to confirm the diagnosis.  

Procedure of pleural fluid cytology 

We usually take 20 ml pleural fluid and centrifuged @ 2500 RPM for 10 
minutes and supernatant discarded and three to five smears prepared 
from sediment and sent for cytology analysis. Then one to two smears 
was prepared after air drying and it was stained with the May-
Grunewald-Giemsa stain. The other two smears were immediately 
fixed in (95%), alcohol, and were stained with Hematoxylin-Eosin stain. 

 

Cytology results were categorized as- 

1. Cytology suspicious for malignant cells or malignant cells with 

undifferentiated morphological type. 

2. Cytology showing clear morphological malignant cells 

differentiation. 

3. Cytology negative for malignant cell or showing benign 

cellularity.  

Procedure of ‘pleural fluid cell block 

Cell block processing for serous effusion- Modified Thromboplastin 
method is used. After centrifugation at 2500 rpm for 10 minutes, drain 
the supernatant or pipette out the supernatant cell and residual 
sediment was formed. Excess supernatant was blotted out, 2 drops of 
plasma added to the tube and then 4 drops of thromboplastin added 
and allowed to clot for 20 minutes. Then inert the tube and collect the 
cell block on filter paper. We followed standard protocol for cell block 
preparation and all specimens were embedded in paraffin and 
sectioned at 4 μm thickness (process clot as any tiny biopsy specimen), 
and sent for IHC analysis after histology confirmation. 

Technical considerations for cell block preparation as we specifically 
recommend are: 

1. Pooled plasma remains well in a freezer up to one month.  

2. Thromboplastin is to be kept in the refrigerator. 

3. Reagents should be brought to room temperature before 
processing. 

Cell block preparation results were categorized as- 

1. Histology showing malignant cell undifferentiated type. 

2. Histology showing malignant cells with exact differentiation. 

3. Histology negative for malignant cell or showing benign 

cellularity. 

Cell block specimens after primary evaluation and confirmation as 
malignancy was send for IHC analysis for reanalysis of primary 
diagnosis by cell block method and mutation analysis in tumor cells to 
avail exact treatment to have excellent treatment outcome. In IHC 
analysis, we specifically recommend for EGFR, ROS, Calretinin, 
Carcinoembryonic antigen and ALK analysis. 

Cell block immunohistochemistry specimen’s results were categorized 
as- 

1. Confirmatory & sample sufficient 

2. Confirmatory & sample insufficient 

The statistical analysis was done using chi-squared test. P value was 
considered significant if it was below 0.05 and highly significant in case 
if it was less than 0.001. 

RESULT 

Total 500 patients between age group 31 to 90 years, with mean age 
(68±9.5), years, male population constitutes (66%), and females (34%), 
of total. In study cases only (9%), cases were smoker. Commoner 
symptoms were shortness of breath in (91.33%), cough in (54.00%), 
and chest pain (46.66%), cases, and massive pleural effusion (42%), 
mass with effusion (28%), effusion with fixed mediastinum in (21%), 
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and bilateral pleural effusion (9%), were commoner radiological 

abnormalities.  

In study of 500 cases with malignant pleural effusion, 210 cases were 
diagnosed by conventional cell cytology; out of which only 120 cases 
were diagnosed with clear histological type. Sensitivity of conventional 
cell cytology in detecting malignant pleural effusion is (42%), (Table 1). 

In study of 500 cases with malignant pleural effusion, 480 cases were 
diagnosed by cell block histology technique; out of which 395 cases 
were diagnosed with exact histological type. Sensitivity of ‘cell block’ in 
detecting malignant pleural effusion is (96%), (Table 2). 

In study of 500 cases with malignant pleural effusion, 480 cases were 
diagnosed by pleural fluid cell block; while only 210 cases were 
diagnosed by pleural fluid cytology. Pleural fluid cell block has very 
significant yield as compared to conventional pleural fluid cytology 
(p<0.00001), (Table3). 

Pleural fluid cell block has (96%), (480/500), diagnostic yield as 
compared to conventional cytology having (42%), (210/500), diagnostic 
yield.  Pleural fluid cell block has 2.28 times more detection rate than 
cytology (p<0.00001), (Table 4). 

Immunohistochemistry analysis in pleural fluid cell block specimens 
were confirmatory and sample was sufficient for diagnosis in 90.83% 
cases, (Table 5). 

DISCUSSION 

Yield of pleural fluid cytology in study cases 

In present study of 500 cases with malignant pleural effusion, 210 
cases were diagnosed by conventional cell cytology; out of which only 
120 cases were diagnosed with clear histological type. Sensitivity of 
conventional cell cytology in detecting malignant pleural effusion is 
(42%), Studies by Rivera et al [15]. McGrath et zl [16]. Gupta et al [17]. and 
Hooper et al [18]. observed average yield in 60 percent cases, ranging 
from 40 to 87 percent. 

Various studies by Köksal D et al. [19], Jing X et al. [20], Ugurluoglu C et al. 
[21], and Bhanvadia VM et al [22]. documented problem of cell loss, poor 
background, overlapping and overcrowding whenever hemorrhagic 
pleural effusion is present and all these issues can be negotiated with 
cell block sampling.  

Studies by Köksal D et al [19]. Ugurluoglu C et al [21]. Bhanvadia VM et al 
[22]. Dekker A et al [23]. and Shivakumar swamy U et al  [24]. also 
documented difficulty in differentiating reactive mesothelial cells from 
malignant process in mesothelial cells, which can be easily made in cell 
block samples.  

Table 1: Yield of pleural fluid cytology in study cases (n=500) 

 Yield positive (n=500) Percentage 

Cytology suspicious for malignant cells or malignant 
cells with undifferentiated type 

90 18 
 

Cytology malignant cells differentiation 120 24 

 210/500 42 

 
Table 2: Yield of pleural fluid ‘cell block’ in study cases 

 Yield positive (n=500) Percentage 

Histology showing malignant cell undifferentiated 
type 

85  17 

Histology showing malignant cells with exact 
differentiation 

395  79 

 480/500 96 

 
Table 3: Comparison of pleural fluid cytology and ‘cell block’ in confirmed cases by these techniques in study cohort (n=480/500) 

 Pleural fluid cytology  
Positive yield (n=210/500) 

Pleural fluid ‘cell block’ 
Positive yield (n=480/500) 

Histology showing malignant cell 
undifferentiated type 

90 85 

Histology showing malignant cells with exact 
differentiation 

120 395 

Total  210 480 

                                                χ2 =19.52, df= 1, P < 0.00001 

Table 4: Comparison of overall yield of pleural fluid cytology and ‘cell block’ in study cohort 

  Positive yield  Negative yield 

Pleural fluid Cytology (n=500) 210 290 

Pleural fluid ‘Cell block’ (n=500) 480 20 

                                                χ2 =136.32, df= 1, P < 0.00001 
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Table 5: IHC analysis on pleural fluid ‘cell block’ specimens 

 Cell block (n=480)  Percentage 

Confirmatory & sample sufficient 436 90.83 

Confirmatory & sample insufficient 44 9.17 

  
Yield of pleural fluid cell block in study cases 

In study of 500 cases with malignant pleural effusion, 480 cases were 
diagnosed by cell block histology technique; out of which 395 cases 
were diagnosed with exact histological type. Sensitivity of ‘cell block’ in 
detecting malignant pleural effusion is (96%). 

Pleural cell block is easier and it will help in preserving histological 
characteristics of malignant cells as compared to conventional pleural 
fluid smears [24]. In previous studies by Nathan NA et al [7]. Kern WH et 
al [25]. Axe SR et al [26]. Wojcik EM et al [27]. Leung SW et al [28]. and 
Norimatsu Y et al [29]. in their study observed sensitivity of cell block 
varied widely from (60%) to (89.4%), may be due heterogenicity in 
sample volume, aspiration technique, sample type.  Thapar M et al [6]. 
& Nathan et al [7]. observed (65.7%), & (92.7%), yield respectively. 
Shion Miyoshi et al [30]. observed diagnostic yield of thoracoscopy was 
(94.2%), and  cell block was (71.4%), for malignant pleural disease. 

Cellularity is higher by cell block compared with fluid cytology and is 
concentrated in one small area that can be evaluated at a glance, with 
all cells lying in the same focal plane of the microscope [23,24]. In 
addition, cell block provides better cellular morphological details, such 
as better nuclear and cytoplasmic preservation, intact cell membrane 
and crisp chromatin; there is also less difficulty in microscopic 
observation, in spite of the presence of excess blood in the background 
[24]. 

Comparison of cytology and cell block in study cases 

In study of 500 cases with malignant pleural effusion, 480 cases were 
diagnosed by pleural fluid cell block; while only 210 cases were 
diagnosed by pleural fluid cytology. Pleural fluid cell block has very 
significant yield as compared to conventional pleural fluid cytology 
(p<0.00001), Some studies by Udasimath et al [24]. & Thapar M et al [6]. 
have shown additional cases of malignancy on CB by increasing the 
diagnostic yield by (9%), and (20%), respectively. Various studies by 
authors Thapar M et al [6]. Köksal D et al [19]. Ugurluoglu C et al [21]. 
Bhanvadia VM et al [22]. Shivakumar swamy U et al [22]. showed an 
additional diagnostic rate of CB to CS around (10–15%), in MPE. 

In a study by Dekker et al [23]. & Khan et al [31]. documented additive 
yield of cell block in (38%), & (20%), cases respectively with negative 
cell cytology in malignant pleural effusion. Thaper et al [6]. showed a 
diagnostic yield of (20%), by cellblock preparations. In a study done by 
Khan et al [31]. additional findings were diagnostic in (16%), of 
malignant cases.  

Similar findings were also observed in studies by Dekker et al [23]. 
Takagi et al [9]. Chapman et al [32]. Vellios et al [33]. and Ceyhan et al [21]. 
also documented additional yield of cell block over conventional cell 
cytology in addition to preservation of cytomorphologic features with 
minimal shrinkage and aberration. 

Contradictory to our observation studies by Shafigh et al [34].and 
Nathan et al [7]. documented sensitivity of smears and cell-blocks 
tended to be similar. Kung et al [35]. specially mentioned in their study 
that cell block entails a risk of losing material during preparation, and 
fixation and chances of false negative block results in positive 
conventional fluid cytology scenario. 

In this study, pleural fluid cell block has (96%), (480/500), diagnostic 
yield as compared to conventional cytology having (42%), (210/500), 
diagnostic yield.  Pleural fluid cell block has 2.28 times more detection 
rate than cytology (p<0.00001), In a study by Dekker et al [23]. double 
yield of cell block over fluid cytology smears. 

The advantages of the cellblock preparation as we observed in our 
study are-  

1. It will help in identifying exact histological types in many 

cases whenever cytology is not very sure and having doubtful 

reports.  

2. It will also help in processing the samples as of followed in 

histopathology samples, special staining’s can be possible 

including immunohistochemistry analysis. 

3. Cellularity is well preserved and additional help in identifying 

histology whenever IHC is not available. 

4. In hemorrhagic pleural effusion, in spite of addition of 

hemolysis after use of chemicals, still lot of hemorrhagic 

background in smears make it difficult to report as compared 

to cell block where many such obstacles are not present and 

ease of reporting.  

5. Cost effective to image guided biopsy. 

6. Cost effective and less invasive to thoracoscopy guided 

procedure. 

7. It will help to restore slides and slides with block specimen 

will have additional help in reanalyzing whenever required.  

Immunohistochemistry analysis in study cases 

In our study we documented that, immunohistochemistry analysis in 
pleural fluid cell block specimens were confirmatory and sample was 
sufficient for diagnosis in (90.83%), cases. Analysis was done for EGFR, 
ROS, calretinin, carcinoembryonic antigen and ALK mutation. Authors 
Wang W et al [35]. Zhou J et al [37]. and Liu X et al [38]. reported 
diagnostic yield of cell block in malignant pleural effusion with (81.8%), 
sensitivity and (80%), specificity in EGFR mutation and (62.5%), to 
(100%), sensitivity and (100%), specificity for ALK detection. Ensani et 
al [39]. and Ikeda et al [40]. also documented similar observation as it will 
increase diagnostic yield in addition to help in analyzing mutation 
analysis by IHC. 

In our study we documented that, immunohistochemistry analysis in 
pleural fluid cell block specimens were confirmatory and sample was 
insufficient for diagnosis in  (9.17%), cases. Study by Shion Miyoshi et al 
[30]. documented similar findings in their study because of less 
cellularity in block and smear as well. 

Studies by authors, Esteban JM et al [41], Mason MR et al [42], Doglioni C 
et al [43], Ellen C et al [44], and Cibas ES et al [45], documented that 
distinction of reactive mesothelial cells from malignant cells is always a 
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diagnostic concern in cyto-diagnosis of serous fluids. In such situations 
immunohistochemistry may be helpful. 

Other important observations in study 

A)  Does volume of pleural fluid makes difference in yield? 

In this study, we observed pleural fluid cell block has (96%), (480/500), 
diagnostic yield as compared to conventional cytology having (42%), 
(210/500), diagnostic yield with 100 ml pleural fluid sent for analysis. 
Baumann MH et al [46]. observed that malignant cells are considered to 
be present heterogeneously within the pleural effusion and can be 
precipitated by gravity. Position of the patient's body and the site of 
puncture may affect the diagnostic yield of cytology or cell block from 
thoracentesis. Shion Miyoshi et al [30]. observed added benefit of 
thoracoscopy guided pleural fluid analysis as heterogenicity of pleural 
fluid sampling will be less and typing will be easier and also 
documented added yield in cases with hypocellular smears. A 
prospective study by Swiderek J et al [47]. and Shion Miyoshi et al [30]. 
observed 150 ml pleural fluid will be sufficient to diagnose malignant 
pleural effusion. 

B) Other diagnostic modalities used in study 

In this study, 480 cases were diagnosed by pleural fluid cell block 
technique. Remaining two and eighteen cases were diagnosed by using 
image guided and thoracoscopy guided pleural biopsies respectively. 
Reason for required thoracoscopy in these cases were possible 
hypocellularity in pleural fluid and lesser shedding of malignant cells in 
pleural fluid. Norimatsu Y e al [29]. Sweeney BJ et al [48]. documented 
that possible hypocellularity or hemorrhagic pleural fluid were reasons 
for less yield and addition of hemolytic agents will have benefit in 
increasing yield of pleural fluid smear and block both. 

We have used thoracoscopy in eighteen cases and reached diagnosis in 
them, approximately yield is (100%), Boutin C et al [49]. and  Tassi GF et 
al [50]. observed yield in more than 90 percent cases and correlating 
with our study. 

CONCLUSION 

Pleural fluid cell block is more sensitive, superior, cost effective and 
specific diagnostic method over conventional pleural fluid cytology in 
malignant pleural effusion. 'Cell block' specimens are enough for 
primary diagnosis and IHC analysis necessary for cell typing. Results of 
cell block are comparable to more invasive and costlier diagnostic 
methods like thoracoscopy and image guided pleural biopsies. 
Additionally, it will decrease need for thoracoscopy guided techniques, 
especially in resource limited setting like India where availability and 
cost factor make more difference. Although, Thoracoscopy guided 
techniques are currently considered as ‘Gold standard’ for 
undiagnosed exudative pleural effusion, Pleural fluid cell block is good 
alternative to it.  

We recommend ‘cell block’ as ‘most preferred’ test for every exudative 
pleural fluid sample with ADA<30 IU/liter to have early diagnosis. More 
emphasis should be given to pleural fluid cell block analysis training. 

"Compliance with Ethical Standards" – 

1. Funding-nil (no funding or any grant utilized) 

2. Disclosure of potential conflicts of interest- NIL 

3. Informed consent was taken in all cases before procedure as    

institutional protocol.  

Conflicts of interest 

None declared. 

Financial support 

None declared. 

REFERENCES  

1. Siegel RL, Miller KD, Jemal A. Cancer Statistics, 2017. CA Cancer J Clin. 
2017; 67:7-30. 

2. Heffner JE, Klein JS. Recent advances in the diagnosis and 
management of malignant pleural effusions. Mayo Clinic 
Proceedings. 2008; 83(2): 235-50.  

3. Heffner JE. Diagnosis and management of malignant pleural effusions 
Respirology. 2008; 13(1):5-20.  

4. American Thoracic S. Management of malignant pleural effusions. 
Am J Respir Crit Care Med. 2000; 162(5):1987-01.  

5. Naylor B. Pleural, peritoneal and pericardial effusions. In: 
Comprehensive Cytopathology. Bibbo M, Wilbur DC, editors. 3rd 
edition. Saunders Elsevier. 2008; 515-78. 

6. Thapar M, Mishra RK, Sharma A, Goyal V, Goyal V. Critical analysis of 
cell block versus smear examination in effusions. J Cytol. 2009; 26: 
60- 64. 

7. Nathan NA, Narayan E, Smith MM, Horn MJ. Cell block cytology. 
Improved preparation and its efficacy in diagnostic cytology. Am J 
Clin Pathol. 2000; 114(4):599-06.  

8. Paintal A, Raparia K, Zakowski MF, Nayar R. The diagnosis of 
malignant mesothelioma in effusion cytology: a reappraisal and 
results of a multi-institution survey. Cancer Cytopathol. 2013; 
121(12):703-7.  

9. Takagi F. Studies on tumor cells in serous effusion. Am J Clin Pathol. 
1954; 24: 663-75. 

10. Richardson HL, Koss LG, Simon TR. An evaluation of the concomitant 
use of cytological and histocytological techniques in the recognition 
of cancer in exfoliated material from various sources. Cancer. 1955; 
8: 948-50. 

11. Koss LG. Effusions in the absence of cancer. In: Diagnostic Cytology 
and its Histopathologic Basis. Koss LG, Melamed MR, editors. 5th 
edition. Philadelphia, JB Lippincott. 2006; 2: 919-48. 

12. Krogerus LA, Andersson LC. A simple method for the preparation of 
paraffin-embedded cell blocks from fine needle aspirates, effusions 
and brushings. Acta Cytol. 1988; 32: 585-87. 

13. Yang GC, Wan LS, Papellas J, Waisman J. Compact cell blocks. Use for 
body fluids, fine needle aspirations and endometrial brush biopsies. 
ActaCytol. 1998; 42: 703-06. 

14. Varsegi GM, Shidham V. Cell block preparation from cytology 
specimen with predominance of individually scattered cells. J Vis Exp. 
2009; 29. 

15. Rivera MP, Mehta AC, Wahidi MM. Establishing the diagnosis of lung 
cancer: Diagnosis and management of lung cancer: American College 
of Chest Physicians evidence-based clinical practice guidelines. Chest. 
2013 1;143(5):e142-65. 

16. McGrath EE, Anderson PB. Diagnosis of pleural effusion: a systematic 
approach. Am J Crit Care 2011; 20:119-27. 

17. Gupta S, Sodhani P, Jain S. Cytomorphological profile of neoplastic 
effusions: an audit of 10 years with emphasis on uncommonly 
encountered malignancies. J Cancer Res Ther 2012; 8:602-9. 

18. Hooper C, Lee YC, Maskell N. Investigation of a unilateral pleural 
effusion in adults: British Thoracic Society pleural disease guideline 
2010. Thorax 2010; 65:4-17. 

19. Köksal D, Demırağ F, Bayız H, Koyuncu A, Mutluay N, Berktaş B et al. 
The cell block method increases the diagnostic yield in exudative 
pleural effusions accompanying lung cancer. Turk Patoloji Derg. 
2013;29(3):165-70. 

20. Jing X, Li QK, Bedrossian U, Michael CW. Morphologic and 
immunocytochemical performances of effusion cell blocks prepared 
using 3 different methods. American journal of clinical pathology. 
2013;139(2):177-82. 

21. Ugurluoglu C, Kurtipek E, Unlu Y, et al. Importance of the cell block 
technique in diagnosing patients with non-small cell carcinoma 
accompanied by pleural effusion. Asian Pac J Cancer Prev 2015; 
16:3057-60. 

22. Bhanvadia VM, Santwani PM, Vachhani JH. Analysis of diagnostic 
value of cytological smear method versus cell block method in body 
fluid cytology: study of 150 cases. Ethiop J Health Sci 2014; 24:125-
31. 



 

 

28 

23. Dekker A, Bupp PA. Cytology of serous effusions. An investigation 
into the usefulness of cell blocks versus smears. Am J Clin Pathol 
1978; 70:855-60. 

24. Shivakumarswamy U, Arakeri SU, Karigowdar MH, et al. Diagnostic 
utility of the cell block method versus the conventional smear study 
in pleural fluid cytology. J Cytol 2012; 29:11-5. 

25. Kern WH, Haber H. Fine needle aspiration minibiopsies. ActaCytol. 
1986; 30(4):403-8 

26. Axe SR, Erozan YS, Ermatinger SV. Fine-needle aspiration of the liver. 
A comparison of smear and rinse preparations in the detection of 
cancer. Am J Clin Pathol. 1986; 86(3):281-5. 

27. Wojcik EM, Selvaggi SM. Comparison of smears and cell blocks in the 
fine needle aspiration diagnosis of recurrent gynecologic 
malignancies. ActaCytol. 1991; 35(6):773-6. 

28. Leung SW, Bedard YC. Simple miniblock technique for cytology. Mod 
Pathol. 1993; 6(5):630-2. 

29. Norimatsu Y, Ohsaki H, Masuno H, Kagawa A, Teramoto N, Kobayashi 
TK. Efficacy of CytoLyt (R) hemolytic action on Thin Prep(R) LBC using 
cultured osteosarcoma cell line LM8. ActaCytol. 2014; 58 (1):76-82. 
Epub 2013/10/26. 

30. Miyoshi S, Sasada S, Izumo T, Matsumoto Y, Tsuchida T. Diagnostic 
utility of pleural fluid cell block versus pleural biopsy collected by 
flex-rigid pleuroscopy for malignant pleural disease: a single center 
retrospective analysis. PLoS One. 2016 23;11(11):e0167186. 

31. Khan N, Sherwani KR, Afroz N, Kapoor S. Usefulness of cellblocks 
versus smears in malignant effusion cases. Journal of cytology 2006; 
23(3): 129-32.  

32. Chapman CB, Whalen EJ. The examination of serous fluids by the cell-
block technic. New England Journal of Medicine. 1947 14;237(7):215-
20. 

33. Velios F, Griffin J. The examination of body fluids for tumor cells Am J 
Clin Pathol 1954; 24: 676-81. 

34. Shafigh E, Siadaty S. Comparison of smear cytology and cell blocks in 
detection of respiratory cancer. Annals of Saudi Medicine. 2005 
Nov;25(6):514-14. 

35. Kung IT, Yuen RW, Chan JK. Optimal formalin fixation and processing 
schedule of cell blocks from fine needle aspirates. Pathology 1989; 
21:143-5. 

36. Wang W, Tang Y, Li J, Jiang L, Jiang Y, Su X, et al. Detection of ALK 
rearrangements in malignant pleural effusion cell blocks from 
patients with advanced non-small cell lung cancer: a comparison of 
Ventana immunohistochemistry and fluorescence in situ 
hybridization. Cancer Cytopathol. 2015; 123(2):117-22.  

37. Zhou J, Yao H, Zhao J, Zhang S, You Q, Sun K, et al. Cell block samples 
from malignant pleural effusion might be valid alternative samples 
for anaplastic lymphoma kinase detection in patients with advanced 
non-small-cell lung cancer. Histopathology. 2015; 66(7):949-54.  

38. Liu X, Lu Y, Zhu G, Lei Y, Zheng L, Qin H, et al. The diagnostic accuracy 
of pleural effusion and plasma samples versus tumour tissue for 
detection of EGFR mutation in patients with advanced non-small cell 
lung cancer: comparison of methodologies. J Clin Pathol. 2013; 
66(12):1065-9.  

39. Ensani F, Nematizadeh F, Irvanlou G. Accuracy of 
immunohistochemistry in evaluation of malignant pleural and 
peritoneal effusions. Polish Journal of Pathology. 2011;62(2):95-100. 

40. Ikeda K, Tate G, Suzuki T, Mitsuya T. Comparison of 
immunocytochemical sensitivity between formalin-fixed and alcohol-
fixed specimens reveals the diagnostic value of alcohol-fixed 
cytocentrifuged preparations in malignant effusion cytology. 
American journal of clinical pathology. 2011 1;136(6):934-42. 

41. Esteban JM, Yokota S, Husain S, Battifora H. Immuno-cyto-chemical 
profile of benign and carcinomatous effusions: a practical approach 
to difficult diagnosis. Am J Clin Pathol. 1990; 94:698-05.  

42. Mason MR, Bedrossian CW, and Fahey CA. Value of 
immunocytochemistry in the study of malignant effu-sionns. Diagn 
Cytopathol.1987;3:215-21.  

43. Doglioni C, Dei AP, Laurino L, Iuzzolino P, Chiarelli C, Celio MR, et al. 
Calretinin: a novel immunocytochemical marker for mesothelioma. 
The American journal of surgical pathology. 1996 1;20(9):1037-46. 

44. Ellen C. Ko, Nirag C. Jhala, Jana J. Shultz, and David C. Chhieng, Use of 
a Panel of Markers in the Differential Diagnosis of Adenocarcinoma 
and Reactive Mesothelial Cells in Fluid Cytology. Am J Clin Pathol 
2001; 116:709-15. 

45. Cibas ES, Corson JM, Pinkus GS. The distinction of adenocarcinoma 
from malignant mesothelioma in cell blocks of effusions: the role of 
routine histo-chemistry and immune-histo-chemical assessment of 

carcinoembryonic antigen, keratin proteins, epithelial membrane 
antigen, and milk fat globule derived antigen. Hum Pathol.1987; 
18:67-74.  

46. Baumann MH. A pulmonary myth unmasked? Chest. 2002; 
122(6):1875-7.  

47. Swiderek J, Morcos S, Donthireddy V, Surapaneni R, Jackson-
Thompson V, Schultz L, et al. Prospective study to determine the 
volume of pleural fluid required to diagnose malignancy. Chest. 
2010; 137 (1):68-73. 

48. Sweeney BJ, Haq Z, Happel JF, Weinstein B, Schneider D. Comparison 
of the effectiveness of two liquid based Papanicolaou systems in the 
handling of adverse limiting factors, such as excessive blood. Cancer. 
2006; 108(1):27-31.  

49. Boutin C, Rey F. Thoracoscopy in pleural malignant mesothelioma: a 
prospective study of 188 consecutive patients. Part 1: Diagnosis. 
Cancer. 1993; 72(2):389-93.  

50. Tassi GF, Marchetti GP, Fattibene F, Chiodera PL. Thoracoscopy in 
pleural malignant mesothelioma diagnosis. Diagn Ther Endosc. 1997; 
3(3):147-51.  

 


