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ABSTRACT

The aim of this study is to assess the value of cytology in the diagnosis of pleural
effusions. It is a retrospective review of the patients with pleural effusions admitted at our
clinic in a 8-year period. We evaluated the cytological and diagnostic results of 470
patients. Male to female ratio was 3:1 with a mean age of 38.6 years (range 18-76
years). Samples were processed and evaluated according to the standard methods.
Cytology results were reviewed and the patients were stratified according to the their
final diagnosis of the 470 effusions, 40 were transudates. Among 430 exudates, 190
(74.8%) were malignant on pleural fluid analysis alone. Adenocarcinoma was the most
common malignancy. Tuberculosis was the second most frequent etiology for the
exudative effusions. Cells in benign or malignant effusions were easily recognized
without further invasive evaluation, contributing to diagnosis and therapeutic decisions.
Diagnostic power of cytology was high and showed a good correlation with the eventual
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pathologic diagnosis, with an overall 70.6% sensitivity. Cytologic examination of the
pleural fluid is a simple minimally invasive procedure as an initial step in the diagnostic
work-up of patients with pleural effusions. It does not only provide high diagnostic
sensitivity but also leads the clinician in the correct algorithm as the most informative and
leading test even when not diagnostic on its own.
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1. INTRODUCTION

Pleural fluid cytology is a simple and a minimally invasive technique as the preliminary step
for the diagnostic evaluation of pleural effusions, assisting the clinician in establishing the
differential diagnosis. It may lead to final diagnosis and provide useful information for
treatment. The diagnostic yield of the cytologic analysis may be attributable to the cell
population present in the sediment that is representative of a much larger surface area than
the pleural biopsy [1]. In malignant effusions, it may be a fast, efficient and minimally
invasive procedure to reach a diagnosis. Almost all adenocarcinomas are diagnosed with
cytology. It may also providecrucialclues for the identification of both non-malignant pleural
and transudative effusions. Sensitivity will be higher if the clinical, radiologic and laboratory
results are collaborated. This study was carried out to determine the diagnostic yield of
pleural fluid cytology.

2. MATERIALS AND METHOD

Cytologic smears from pleural effusions of 470patients admitted between 2003 January and
2011 September were reviewed retrospectively.The study has been approved by the
IRB/Ethics Committee of Cerrahpasa Medical Faculty. A routine blood biochemistry with
complete blood count was performed simultaneously with thoracocentesis. Pleural fluid was
analyzed for appearance, protein, LDH, albumin, leucocyte and differential cell count. Chest
x-ray and computed tomography of the thorax, excluding patients with transudative effusions
were performed in every subject. Informed consent was taken from all the patients in whom
thoracocentesis, closed or thoracoscopic pleural biopsy was performed for histopathologic
tissue sampling. The patients were placed in the sitting position for thoracocentesis or closed
pleural biopsy. A 22 gauge needle filled with 2 ml 2% xylocaine was inserted through the
intercostal space into the subcutaneous and intercostal tissues while periodically injecting
small amount of xylocaine and aspirating fluid. Two samples of ten mililiters pleural fluid
were collected in sterile vials. The samples were sent for biochemistry and microbiology
evaluation. A minimum of 50 mL pleural fluid was sent for cytologic examination with
submission of a maximum of three samples from the same patient in case of undiagnosed
effusions. Abrams needle was used for closed pleural biopsy and four samples of parietal
pleural tissue were taken at different sites for histopathologic examination. A final
pathological and/or clinical diagnosis was obtained in each case.

Transudative and exudative effusion differential diagnosis was done according to the Light’s
criteria and serum-pleural fluid albumin gradient [2,3]. Cytological smears were prepared
after centrifuging the pleural fluid for 10 minutes at 2000 rpm. Smears were prepared from
the sediment. Differential cell count was done to determine the possible etiologic causes of
the effusion according to the predominant cell type.It was useful to characterise and
diagnose the cause of a pleural effusion by identifying a predominant cell type. Neutrophil-
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rich effusions were often encountered in cases of pneumonia, pulmonary embolism, viral
infection, or benign asbestos-related pleural disease. Lymphocytic effusions were typically
found in tuberculosis, neoplasia, and collagen vascular disease. An eosinophilic effusion
(>10% cell count) was found in neoplasia but also occured in infection, pulmonary infarction,
Churg-Strauss and benign asbestos-related pleural disease. Giemsa, Hematoxyline eosin
and Papanicolaou were used for staining cytologic smears. Smear and culture for
microbiolgical analysis were performed to identify infection. Ziehl-Neelsen stain was used for
identifying acid-fast bacilli. Serum biochemistry and urine analysis were done in all patients.
ADA, ACE, PET/CT and MR was performed whenever indicated.

The adenocarcinoma cells were identified according to the increased nuclear/ cytoplasm
ratio, large nucleoli, irregular nuclear borders, sharply defined cytoplasmic boundaries, the
presence of three dimensional aggregates or cell balls. The cell balls may have smooth or
less often scalloped edges. Criteria for small cell carcinomas was existence of small
hyperchromatic cells with high nuclear/cytoplasm ratio, scant basophilic cytoplasm often with
extensive cellular and nuclear molding. Squamous cell carcinoma criteria were dense
hyperchromatic and jaggedly irregular basophilic nuclei. The cells usually contain abundant
cytoplasm and some may have keratinization seen as eosinophilic/orangephilic on Pap stain.
For mesothelioma, cytopathologic features of atypical mesothelial cells were defined as
cellular molding, nuclear hyperchromasia, high nuclear/cytoplasm ratio, prominent nucleoli,
extensive morphologic variability, and coarse chromatin clumping [4].

Malignant lymphocytes in serous effusions are isolated from each other and most often they
are single or in small loosely adherent clusters. These effusions contain a distinct population
of discohesive mononuclear cells. If true tissue aggregates are present, lymphoma and
leukemia can be excluded. The cells of lymphoma/leukemia often have scant cytoplasm.
Karyorrhexis is particularly common in lymphomas. The cells of diffuse B large cell
lymphomas are larger than histiocyteswith aprominent nucleoli. Nuclei are round or highly
irregular and the chromation is coarsely textured. Cytoplasm is often abundant, pale, and
vacuolated. Follicular lymphomas have irregular and cleaved nuclei and scant cytoplasm.
Cell population has a monomorphic nature in small cell lymphomas and low-grade
lymphomas. Pleural effusion of acute myeloid leukemia includes blasts and karyorrhectic
cells. Blasts are round, two to three times the diameter of lymphocytes and dispersed as
isolated cells. The nuclei is round or irregularly shaped. The chromatine is pale and the
nucleoli are usually prominent [5,6].

Criteria for a reactive pleural effusion were moderate number of mesothelial cells singly or in
small clusters, mild nuclear variability, prominent nucleoli, normal nuclear/cytoplasm ratio,
variable inflammatory background, and absence of malignant cells. Diagnostic criteria for
tuberculous pleural effusions were predominance of lymphocytes (>50%) and small
lymphocytes with variable morphology. Granular, amorphous, particulate, and acellular
debris was diagnostic for rheumatoid effusions. Other criteria were numerous
multinucleated, elongated, spindled giant cells, and degenerating leukocytes. For SLE
associated effusions presence of LE cells, HE bodies, tart cells, reactive mesothelial cells, a
background of nuclear fragments and necrotic cells were diagnostic. In parapneumonic
effusions, numerous polymorphonuclear leukocytes and necrotic material with reactive
mesothelial cells constituted the diagnostic criteria. Transudative effusions were diagnosed
by the presence of low cellularity of different origin consisting of lymphocytes, reactive
mesothelial cells in sheets or clusters, and macrophages [4,7].
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Statistical analysis was done by calculating sensitivity test with a 95% confidence interval.
Correlation of the pleural cytology findings was done with the final clinical diagnosis by
calculating the sensitivity within 95% confidence intervals. A p value less than 0.05 was
considered significant.

3. RESULTS

A total of 470 patients, 360 males (77%) and 110 females were included in the study. The
age of the patients ranged from 18 to 76 (38.6±18.4) years. Overall, 440 (94%) of the
effusions were exudative. Seventy-two patients (15.3%)had bilateral pleural
effusions.Eighteeneffusionswere due to collagen vascular disease, 8 from lung carcinoma
metastasis, 6 from breast carcinoma metastasis and 4 from hematologic malignancies
metastasis. Forty effusions (8.5%) were transudative type. Cytologic examination of the
pleural fluid was diagnostic in 70.6% (332/470 patients). Diagnosis was confirmedby
histopathologic examination by closed and thoracoscopic biopsy specimens in 29%
(138/470) and 54% (256/470) of the patients respectively. In the remaining 76 (16%)
patients, the final diagnosis was clinical. All cases tolerated the thoracentesis well.
Vasovagal reactions occurred in 32 (6.8%) subjects. Pneumothorax developed in 20 (4.3%)
patients and 6 (1.3%) of them required chest tube drainage.

Correlation of pleural fluid cytology was done with the final clinical diagnosis in equivocal
cases. Cytologic analysis of the pleural fluid according to various disease groups with the
sensitivity results is shown in Table 1. Cytologic findings pointed out to the etiology and were
highly suggestive of the final diagnosis in 42 malignant, 16 tuberculous, 8 infectious, 5
collagen vascular disease, and 4 transudative effusions. The overall initial cytology was
positive in 312/470 (66.3%) patients while second and third samples were positive in 12/470
(2.5%) and 7/470 (1.4%) more cases. When cytology was combined with the clinical data
including the laboratory results (serum biochemistry, urine analysis, ADA and ACE) and the
radiologic findings (CT, PET/CT, MR, and US), the overall sensitivity was higher than
cytology alone Table 1, reaching 88.9%.

The specific features of a single cell or a group of cells were very useful from the diagnostic
point of view. The adenocarcinoma cells were single, formed clusters or adenoid groups.
They had large nuclei with a pale vacuolated cytoplasm Fig. 1.All samples were exudative
and 28 were hemorrhagic. Metastatic small cell carcinoma cells were seen in the pleural fluid
samples of42 (22%) patients; it was exudative in 40(15.6%) and hemorrhagic in 37(14.5%)
patients. The cells appeared discretely or in loose cohesive clusters of small atypical
epithelial cells like lymphocytes, all with large dense nuclei, coarse chromatin and scant
cytoplasm. Malignant squamous cells were present in 38 (14.9%) samples, all of which
exudative and 30(11.7%) were hemorrhagic. Squamous cells were discrete and showed
evidence of keratinization. They tended to have a more flat, two-dimensional appearance
than those of adenocarcinoma. Thirty four (13.3%) effusions were positive for hematologic
malignancies like lymphoma and leukemia. Mesothelioma was diagnosed in 18 patients by
cytology.They were exudative and viscous in appearance. The mesothelial cells varied
considerably in size and were arranged as single cells or in an articulated fashion forming
large clusters with lumpy borders Fig. 2. Cytologic analysis was diagnostic in190/254
(74.8%) of the patients with a malignant effusion. The diagnostic sensitivity increased to
92.5% when cytology was combined with other laboratory results. The first effusion sample
was diagnostic in 168/254 (66.3%) of the patients. Analysis of second and third samples
increased the diagnostic sensitivity to 68.9% and 74.8%, respectively.The primary site was
diagnosed in 63.7% (162/254) of the patients by cytology.
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Fig. 1. Metastatic cells from gastric adenocarcinoma with a vacuolated cytoplasm
forming  adenoid groups (Papanicolaou stain; x400)

Fig. 2. A large cluster of mesothelioma cells  in pleural fluid
(Papanicolaou stain; x400)

Clinically, in 86 cases the final diagnosis wastuberculosisand tuberculosis was confirmed in
62 cases (72%) cytologically. When cytology was combined with other laboratory findings
sensitivity was higher and reached to 94%. Almost all of these effusions were rich in small
lymphocytes with variable morphologies ranging from 50% to 96% of the total cell count.
These effusions also contained small numbers of neutrophils, macrophages, plasma cells or
red blood cells. Eighteen (20.9%) samples were hemorrhagic. None of the pleural effusions
with an eosinophil count more than 10% or mesothelial cell count over 1% were due to
tuberculosis. Of the clinically diagnosed 49parapneumonic samples, 38 (65%) correlated
with cytology. Diagnostic sensitivity increased up to 91.7% with combination of cytology and
laboratory findings Table 1. All the cells in parapneumonic effusions were mostly neutrophils.
In purulent effusions, a high proportion of neutrophils had undergone degeneration
appearing as smudgy anucleated blobs. Microorganisms either in dispersed fashion or in
cloud-like colonies were also frequently encountered. CVD was cytologically diagnosed in 28
of 42 (66.7%) the pleural effusion samples due to rheumatoid disease (27 SLE, 15 RA
effusions). Rheumatoid arthiritiscells were observed in 11, lupus cells were encountered in
21 and tart cells were seen in 12 effusions. None of the transudative effusions had a cell
count over 1.000/mm3.
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Sensitivity of cytology was high Table 1 and statistically significant in malignant and
tuberculous pleural effusions (p<0.05). Sensitivity showed significant (p<0.05) increase if
cytology and laboratory were collaborated. In contrast, diagnostic yield of cytology alone was
low in infectious, CVD and transudative pleural effusions. Combination of cytology with
laboratory data increased sensitivity significantly (p<0.01) up to 91.7, 90.4, and 95.0%,
respectively.

Table 1. Sensitivity of pleural fluid cytology for malignant, tuberculous, collagen
vascular disease associated, parapneumonic and transudative effusions

n % Sensitivity %95 CI
Total (+) cytology
Cyt+clin+lab

332/470
418/470

70.6
88.9

66.3 - 74.7
85.8 - 91.6

M (+) cytology
Cyt+clin+lab

190/254
235/254

74.8
92.5

68.6-80.9
88.6 - 95.4

Tbc (+) cytology
Cyt+clin+lab

62/86
81/86

72.0
94.2

62.5-81.4
87.0 - 98.1

Inf (+) cytology
Cyt+clin+lab

29/48
44/48

60.4
91.7

49.9-70.8
80.0 - 97.7

CVD (+) cytology
Cyt+clin+lab

28/42
38/42

66.7
90.4

50.5 - 80.4
74.4 - 96.0

Trn (+) cytology
Cyt+clin+lab

17/40
38/40

42.5
95.0

27.0-59.1
83.0- 99.3

CI: confidence interval, M: malignancy, Tbc: tuberculosis, Inf: infection, CVD: collagen vascular
disease, Trn: transudate, Cyt: cytology, clin: clinic, lab: laboratory

4. DISCUSSION

Pleural effusions are caused by pulmonary or non-pulmonary diseases. Although the
etiologic spectrum is wide, most effusions occur due to malignancy, heart failure,
tuberculosis or bacterial infection [8,9,10]. Because the effusions develop as amanifestation
of an underlying disease, it is difficult to determine the precise incidence. However, it is
estimated to be 1.5 million cases in the United States annually [11]. Cytologic examination is
often the initial diagnostic step for its etiologic identification. It represents the whole pleural
surface due to the existence of exfoliated cells in the fluid. The major limitation is the false
negative or false positive results [1,12]. Even if the initial examination is negative, the cellular
profile of the fluid leads the clinician in the correct diagnostic pathway, as the results of our
study suggests. Consequently, this minimally invasive method appears to be the best
preliminarystep for the assessment of pleural effusions.

In our study, the highest positive results were obtained in malignant pleural effusions,
followed by tuberculous and parapneumonic fluids. In patients with a malignant pleural
effusion, cytological examination is a fast, efficient and minimally invasive procedure to
establish the diagnosis. Almost all adenocarcinomas were diagnosed with cytology, but the
yield was less with with squamous cell carcinomas, Hodgkin’s disease and sarcomas. This
may be due to the fact that the adenocarcinoma cells are more easily identified cytologically
and large tissue biopsies are usually needed for the diagnosis of lymphoma and sarcomas.
The initial pleural cytologic examination is positive in approximately 60% of the patients. If
three separate pleural fluid specimens are submitted to an experienced cytologist, nearly
80% of the subjects will have positive results by cytology alone [13,14]. The first sample was
diagnostic in 66.3% of the patients while with the analysis of the second and third samples
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the sensitivity increased to 68.9% and to 74.8% in our study. Although the increase
insensitivity was not statistically significant, it was crucial from the clinical point of view. Our
initial diagnostic rates based on cytology alone, were higher than Bueno and Jarvi[14,15].
This may be due to the presence of different diseases, tumor type, tumor burden in the
pleural space and the cytologist’s skills.

Cytologic diagnosis of malignant effusions has been reported to be between 40% and 87%
in different studies [12,14,15]. Several factors may influence its sensitivity. The effusion may
develop secondary to other factors such as infection, pulmonary emboli or lymphatic
blockade. The incidence of positive pleural cytology is higher in patients with a large tumor
burden in the pleural surface by causing more exfoliated malignant cells in the effusion
[16,17,18]. In our study, positive cytology for malignant effusions was 74.8%. The primary
site was identified by cytologic examination alone in 62.8% of the patients with metastatic
malignant effusions. The overall sensitivity was 70.6%, reaching 88.9% if it was integrated
with other laboratory findings.

No diagnosis is established in approximately of 15% of patients with exudative effusions
[19,20,21]. Even after thoracoscopy, 10% of the pleural effusions may remain undiagnosed
[22,23]. In our study, the sensitivity of pleural cytology was highestfor malignant effusions
which may be explained by the presence of different specific cell types present in such type
of effusions.  Diagnostic yield was low in infectious, CVD, and transudative pleural effusions.
The low diagnostic yield in our study is attributed to the lack of specific cells or specific cell
patterns in these type of effusions. Collaboration of laboratoryresults with cytology for final
diagnosis was very efficient in the identification of such effusions.

A tuberculous pleural effusion is frequently a diagnostic challenge for the pulmonary
clinician. It is impossible to differentiate a tuberculous effusion from a malignant pleural
effusion on clinical grounds alone and usually more invasive diagnostic interventions are
needed. As the results of our study suggests, the absence or the scarcity of mesothelial cells
along with the presence of more than 50% small lymphocytes should be regarded as a
strong evidence for tuberculosis. The absence of mesothelial cells is attributed to the
deposition of fibrin on the pleural surface, either sealing off the mesothelialcells, destroying
them or both [16,24]. Although the mechanism of eosinophil accumulation in the pleural
space is unknown, eosinophils play an important role in idiopathic, allergic diseases, or drug
reactions. The presence of air in the pleural space may also cause eosinophilia.It is well
known that tuberculous pleural effusions rarely contain more than 10%eosinophils
[25,26,27,28]. The presence of numerous mesothelial cells or eosinophils was useful to
exclude tuberculosis in the differential diagnosis of exudative pleural effusions.In the present
study, pleural fluid analysis was not diagnostic in approximately 30% of the patients and
thereby indicating its limits. The incidence of iatrogenic pneumothoraxwas verylow in our
patients and almost all the patients tolerated the procedure well without any other significant
complication which appeared to be another advantage in regard to other invasive diagnostic
modalities.

As the results of our study suggests,cytology of the pleural fluid is the most informative and
definitive initial diagnostic step in pathologic states involving the pleura. This simple and
minimally invasive technique may be considered as the best initial diagnostic tool in the
hands of an experienced cytologist without any serious complications of thoracocentesis.
Examination of the pleural fluid can narrow the differential diagnosis considerably. Cytology
can be the key to direct diagnosis or can indicate the next step leading the clinician in the
correct pathway for final diagnosis even when not diagnostic on its own, and thus precluding
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unnecessary invasive interventions. In most diseases related to pleural effusion, the pleural
fluid analysis yields important diagnostic information and in certain cases it provides the final
diagnosis.

5. CONCLUSION

Pleural fluid cytology is a useful, rapid and a highly sensitive method for the diagnosis of
pleural effusions. The sensitivity may be attributable to the presence of exfoliated cell
population representative of a large pleural surface.  Integration of pleural fluid cytology with
clinical and laboratory findings further increases the diagnostic yield. Cytologic features of
malignant cells may establish the primary site in metastatic effusions andthereby provide
useful data for patient prognosis. The low sensitivity of cytology for infectious, CVD and
transudative effusions may be overcome by collaborating cytology with other laboratory
findings. Other advantages of cytologic analysis include low incidence of complications
associated with thoracocentesis and ease of reaching diagnosis without unnecessary
invasive interventions.

CONSENT

All authors declare that “written informed consent” was obtained from the participants of this
study.

ETHICAL APPROVAL

All authors hereby declare that all experiments have been examined and approved by the
appropriate ethics committee and have therefore been performed in accordance with the
ethical standards laid down in the 1964 Declaration of Helsinki.

COMPETING INTERESTS

We declare that our data or presentation of information is not influenced by any personal or
finanacial relationship with other people or organizations. We have no financial interests to
declare.

REFERENCES

1. Kushwaha R, Shashikala P, Hiremath S, Basavaraj HG. Cells in pleural fluid and their
value in differential diagnosis. J Cytol. 2008;25(4):138-143.

2. Light RW, MacGregor, MI, Luchsinger PC, et al. Pleural effusionsthe diagnostic
separation of transudates and exudates. Ann Inter Med. 1972;77:507-513.

3. Roth BJ, O’Meara TF, Cragun WH. The serum-effusion albumin gradient in the
evaluation of pleural effusions. Chest. 1990;98:546-549.

4. BedrossianW. Diagnostic problems in serous effusions. Diagn Cytopathol.
1998;19(2):131-137.

5. Pereira TC, Saad RS, Liu Y, Silverman JF. The diagnosis of malignancy in effusion
cytology: A pattern recognition approach. Adv Anat Pathol. 2006;13:174-184.

6. Awasthi A, Gupta N, Srinivasan R, Nijhawan R, Rajwanshi A.  Cytopathologic
spectrum of unusual malignant effusions at a tertiary care centre in North India.
Cytopathol. 2007;18:28-32.



British Journal of Medicine & Medical Research, 4(11): 2203-2211, 2014

2211

7. Geisinger KR, Stanley MW, Raab SS, Siverman JF, Abati A. Modern Cytopathology.
Philadelphia Churchill Livingstone; 2004.

8. Sahn SA. Pleural effusions of extravascular origin. Clin Chest Med. 2006;27(2):285-
308.

9. Light RW. The undiagnosed pleural effusion. Clin Chest Med. 2006;27(2):309-319.
10. Heffner JE. Diagnosis and management of malignant pleural effusions. Respirology.

2008;13(1):5-20.
11. Bouros D, Pneumatikos I, Tzouvelekis A. Pleural involvement in systemic autoimmune

disorders. Respiration. 2008;75(4):361-71.
12. Sherwani R, Akhtar K, Naqvi H, Akhtar S, Abrari A, Bhargava R. Diagnostic and

prognostic significance of cytology in effusions. J Cytol. 2005;22:73-77.
13. Dekker A, Bupp PA. Cytology of serous effusions. An investigation into the usefulness

of cell blocks versus smears. Am J ClinPathol. 1978;70:855-860.
14. Bueno CE, Clement G, Castro BC, et al. Cytologic and bacterial analysis of fluid and

pleural biopsy specimens with Cope’s needle. Arch Intern Med. 1990;150:1190-1194.
15. Jarvi OH, Kunnas RJ, Laitio MT, et al. The accuracy and significance of cytologic

cancer diagnosis of pleural effusions. Acta Cytol. 1972;16:152-157.
16. Light RW, Erozan YS, Ball WC. Cells in pleural fluid. Their value in differential

diagnosis. Arch Intern Med. 1973;132:854-860.
17. Filie  AC,Copel C, Wilder AM, et al. Individual specimen triage of effusion samples an

improvement in the standart of practice or a waste of resources. Diagn Cytopathol.
2000;22:7-10.

18. Ong KC, Indumathi V, Poh WT, et al. The diagnostic yield of pleural cytology in
malignant pleural effusions. Singapore Med J. 2000;41:19-23.

19. Light RW, editor, 6th ed, Philadelphia, Pleural Diseases. Light RW (ed). Philadelphia
Lippincot Williams and Wilkins.2007;109-119.2013.

20. Kendall SW, Bryan AJ, Large SR, et al. Pleural effusions: is thoracoscopy a reliable
investigation? A retrospective review. Respir Med. 1992;86:437-440.

21. Ferrer J, Roldan J, Teixidor J, et al. Predictors of pleural malignancy in patients
undergoing thoracoscopy. Chest. 2005;127:1017-1022.

22. Loddenkemper R, Boutin C. Thoracoscopy diagnostic and therapeutic indications.
EurRespir J. 1993;6:1544-1555.

23. Kalomenidis J. New advances in the investigation of pleural diseases. Pneumologie.
2003;16:247-251.

24. Hurwitz S, Leiman G, Shapiro C. Mesothelial cells in pleural fluid TB or not TB. S Afr
Med J. 1980;57:937-939.

25. Epstein DM, Kline RM, Albelda SM, Miller WT. Tuberculous pleural effusions. Chest.
1987;91:106-109.

26. Light RW. Establishing the diagnosis of tuberculous pleuritis. Arch Intern Med
1998;158:1967-1968.

27. Sahn SA. The value of pleural fluid analysis. Am J Med Sci. 2008;335(1):7-15.
28. Sakuraba M, Masuda K, Hebisawa A, Sagara Y, Komatsu H. Pleural effusion

adenosine deaminase (ADA) level and occult tuberculous pleurisy. Ann Thorac
Cardiovasc Surg. Oct 2009;15(5):294-6.

© 2014 Tetikkurtet et al.; This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:

http://www.sciencedomain.org/review-history.php?iid=411&id=12&aid=3428


