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Background & objectives: Pleural effusion is a common occurrence in patients with late-stage chronic 
kidney disease (CKD). In developing countries, many effusions remain undiagnosed after pleural fluid 
analysis (PFA) and patients are empirically treated with antitubercular therapy. The aim of this study 
was to evaluate the role of adenosine deaminase (ADA), nucleic acid amplification tests (NAAT) and 
medical thoracoscopy in distinguishing tubercular and non-tubercular aetiologies in exudative pleural 
effusions complicating CKD.
Methods: Consecutive stage 4 and 5 CKD patients with pleural effusions underwent PFA including ADA 
and PCR [65 kDa gene; multiplex (IS6110, protein antigen b, MPB64)]. Patients with exudative pleural 
effusion undiagnosed after PFA underwent medical thoracoscopy. 
Results: All 107 patients underwent thoracocentesis with 45 and 62 patients diagnosed as transudative and 
exudative pleural effusions, respectively. Twenty six of the 62 patients underwent medical thoracoscopy. 
Tuberculous pleurisy was diagnosed in six while uraemic pleuritis was diagnosed in 20 subjects. The 
sensitivity and specificity of pleural fluid ADA, 65 kDa gene PCR, and multiplex PCR were 66.7 and 90 
per cent, 100 and 50 per cent, and 100 and 100 per cent, respectively. Thoracoscopy was associated with 
five complications in three patients. 
Interpretation & conclusions: Uraemia remains the most common cause of pleural effusion in CKD 
even in high TB prevalence country. Multiplex PCR and thoracoscopy are useful investigations in the 
diagnostic work-up of pleural effusions complicating CKD while the sensitivity and/or specificity of ADA 
and 65 kDa gene PCR is poor. 

Key words ADA - chronic renal failure - CKD - PCR - pleurisy - thoracoscopy - tuberculosis

Indian J Med Res 141, March 2015, pp 308-314

308



	 Pleural effusion is a frequent occurrence in chronic 
kidney disease (CKD) patients1 with common causes 
being fluid overload, cardiac failure, hypoproteinaemia, 
bacterial infection, tuberculosis and inadequate 
dialysis2. Although there are no published data, most 
frequently patients with exudative pleural effusions 
in India are treated empirically with anti-tuberculosis 
therapy because tuberculosis is the most common 
cause of pleural effusion in the general population. A 
definitive diagnosis of tuberculous pleurisy requires 
demonstration of either Mycobacterium tuberculosis in 
pleural specimens or granulomatous inflammation in 
the pleura3.

	 The sensitivity of acid-fast staining and culture for 
M.tuberculosis in pleural fluid is low4. Elevated levels 
of adenosine deaminase (ADA) in the pleural fluid 
exhibit sensitivity and specificity values exceeding 90 
per cent for diagnosis of pleural tuberculosis5,6. The 
activity and thus the diagnostic efficacy of ADA, is 
decreased in patients with uraemia, even after three 
sessions of haemodialysis7. In chronically dialsed 
patients these effects may be more pronounced. Nucleic 
acid amplification tests (NAATs) for M.tuberculosis in 
pleural fluid have poor sensitivity (43-77%) but good 
specificity (96-98%) for the diagnosis of tuberculous 
pleuritis8.

	 Medical thoracoscopy is a valuable tool in the 
evaluation of undiagnosed exudative pleural effusions 
as one can obtain large pleural biopsy specimens 
under vision9. In some studies, a diagnosis of pleural 
tuberculosis could be made in 100 per cent patients 
with thoracoscopy, which was higher than the yield of 
closed pleural biopsy (51-79%)10,11. The percentage of 
so-called “idiopathic” pleural effusions can be reduced 
to 4 per cent with the use of thoracoscopy12. 

	 In our tertiary care centre in north India, closed 
pleural biopsy is not performed routinely and all 
patients with undiagnosed pleural effusions are 
subjected to medical thoracoscopy13. The aim of this 
study was to investigate the utility of ADA, NAAT and 
medical thoracoscopy in distinguishing tuberculous 
and non-tuberculous aetiologies among exudative 
pleural effusions complicating CKD.

material & methods

	 This prospective observational study was conducted 
in the Department of Pulmonary Medicine, Postgraduate 
Institute of Medical Education and Research, 
Chandigarh, India, between July 2010 and December 

2011. The Institute Ethics Committee approved the 
protocol and written informed consent was obtained 
from all patients. consecutive adult stage 4 and 5 CKD 
patients (glomerular filtration rate, GFR <30 ml/min or 
dialysis-dependent) with pleural effusion were enrolled 
in the study from the Renal Clinic of this Institute. All 
patients underwent thoracentesis and pleural fluid was 
analyzed for leucocyte count and differential, protein, 
glucose, lactate dehydrogenase (LDH), Gram stain and 
bacterial culture, smear for acid-fast bacilli (AFB) by 
Ziehl-Neelsen (ZN) staining, culture on Lowenstein-
Jensen (L-J) medium, ADA levels, cytology and NAAT 
for M. tuberculosis. Light’s criteria14 were used in 
classifying transudative and exudative pleural effusion. 
If the criteria for an exudative effusion were borderline, 
the protein gradient value (between serum and pleural 
fluid) greater than 3.1 g/dl was used for classifying 
transudate. Pleural effusions were arbitrarily classified 
as minimal (blunting of the costophrenic angle and 
<10 mm height on lateral decubitus film), small (<1/3rd 

of hemithorax), moderate(1/3rd-2/3rd of hemithorax) 
and large (>2/3rd of hemithorax) based on the chest 
radiograph.

	 Patients with inconclusive Gram-stain, bacterial 
culture, AFB and cytology underwent medical 
thoracoscopy and biopsy of the parietal pleura. 
Thoracoscopy was not performed in those with 
coagulation abnormalities (platelet count <75,000/µl; 
prothrombin time or activated partial thromboplastin 
time, four or 10 sec, greater than control, respectively), 
acute coronary syndromes within the last six weeks, 
refractory cough, extensive adhesions on imaging 
(chest radiograph, ultrasonography or computed 
tomography of the chest) and failure to provide 
informed consent.

	 Thoracoscopy was performed in the morning after 
overnight fast under local anaesthesia and conscious 
sedation as previously described13. Biopsy specimens 
were sent for histopathological examination, AFB 
smear, culture on L-J medium and NAAT for M. 
tuberculosis.

	 A diagnosis of parapneumonic effusion was made 
on the presence of a positive Gram stain or culture and/
or low pleural fluid glucose (<40 mg/dl) associated 
with bacterial pneumonia or lung abscess. A diagnosis 
of pleural tuberculosis (gold standard) was made on 
demonstration of granulomatous inflammation on 
histological examination of pleural biopsy specimen or 
demonstration of AFB or growth of M .tuberculosis on 
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pleural biopsy or pleural fluid specimen. A diagnosis 
of uraemic pleural effusion was made on the finding of 
non-specific pleuritis on pleural biopsy, and no growth 
of any microorganism on culture. All patients were 
followed up for at least three months following the 
procedure.

ADA estimation: ADA activity was measured by the 
method of Guisti et al15. Two ml of pleural fluid was 
collected in sterile container and was either immediately 
analysed or refrigerated at 4°C and analyzed within two 
days. An ADA value >40 U/l was taken as the cut-off 
for calculating sensitivity and specificity.

Nucleic acid amplification tests: Samples were 
processed in triplicates and were considered 
positive if amplification was seen in two of the  
three samples. PCR for β-actin gene16 (forward primer-  
5’-TGACGGGGTCACCCACACTGTGCCCATCTA-3’; 
reverse primer- 5’-CTAGAAGCATTGGCGGTGG-
ACGATGGAGGG-3’) was performed to ensure quality 
of DNA extraction, and samples were considered 
inappropriate if it was negative. To ensure PCR 
quality and to rule out extraneous contamination, M. 
tuberculosis H37Rv genomic DNA (positive control) 
and a null sample (negative control) were included 
with every batch of PCR.

	 Polymerase chain reaction for M.tuberculosis 65 
kDa gene was performed on pleural fluid specimens as 
previously described17. The primers used were: forward 
primer- 5’-GAGATCGAGCTGGAGGATCC-3’, and 
reverse primer- 5’-AGCTGCAGCCCAAAGGTG 
TTA-3’. The PCR conditions were an initial 
denaturation step at 94°C for 7 min and 35 cycles of 
94ºC for one minute, 60°C for two minutes and 72°C 
for two minutes. Final extension was done at 72°C for 
10 minutes. PCR product was visualized under ultra 
violet (UV) light after electrophoresis on 1.2 per cent 
agarose gel with ethidium bromide. 

	 Multiplex PCR designed to amplify IS6110, protein 
antigen b, and MPB64 was carried out as described 
previously18. The sequence of primers used for proteinb 
PCR were: 5’-ACCACCGAGCGGTTCGCCTGA-3’ 
and 5’-GATCTGCGGGTCGTCCCAGGT-3’ 
respectively. Primers used for IS6110 were: 
5’-CCTGCGAGCGTAGGCGT-3’, 5’-
CTCGTCCAGCGCCGCTTCGG-3’. Primers used for 
MPB64 were: 5’-TCCGCTGCCAGTCGTCTTCC-3’ 
and MPB2: 5’-GTCCTCGCGAGTCTAGGCCA-3’. 
DNA amplification was performed for 40 cycles 
following an initial denaturation step at 94°C for 

5 minutes in a thermocycler using the following 
programme: denaturation at 94°C for one minute, 
annealing at 65°C for 1.5 min, extension at 72°C for 
1.5 min, and final extension at 72°C for 10 min. The 
amplified product was detected on 1.5 per cent agarose 
gel stained with ethidium bromide. The stained gel was 
examined under UV light to look for bands 123 bp for 
IS6110, 419 bp for protein b, and 240 bp for MPB64 
using a molecular weight marker of 100-bp ladder. 
Presence of at least one of these bands under ultraviolet 
transillumination was considered positive.

	 Patients with a diagnosis of tuberculous pleural 
effusion were treated with isoniazid, rifampicin, 
pyrazinamide and ethambutol for two months followed 
by isoniazid and rifampicin for four months. Those 
with uraemic pleuritis were treated with intensification 
of dialysis. 

	 Statistical analysis was performed using the 
statistical package StatsDirect (version 2.7.9, UK). 
The differences between continuous and categorical 
variables was analyzed using Mann-Whitney U and chi-
square tests, respectively. The diagnostic performance 
of ADA and NAAT are presented as sensitivity and 
specificity.

results

	 During the study period, a total of 107 CKD 
patients [stage 4: 13 (12%); stage 5: 94 (88%)] with 
mean age of 45.2 years were detected to have pleural 
effusion. The causes of CKD included diabetes (n=36), 
chronic glomerulonephritis (n=22), hypertension 
(n=20), chronic interstitial nephritis (n=11), obstructive 
nephropathy (n=8) and unknown (n=10). The 
demographic and clinical characteristics of the patients 
are shown in the Table. Of the 94 stage 5 CKD patients, 
96.8 per cent were on maintenance haemodialysis, 
while three patients were on peritoneal dialysis. HIV 
serology was negative in all. Pleural effusions were 
unilateral in 88, 62 per cent were right-sided, and 66 per 
cent were moderate in size. The commonest presenting 
feature was dyspnoea followed by fever, cough and 
chest pain.The effusion was transudative in 45 (42.1%) 
and exudative in 62 (57.9%) patients.There was no 
difference in demographic and clinical characteristics 
except lower haemoglobin and higher serum LDH in 
patients with exudative pleural effusion. Pleural fluid 
AFB and culture on L-J medium was negative in all 
patients with exudative pleural effusion.
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Table. Demographic and clinical characteristics of the study population

Transudative pleural 
effusion (n= 45)

Exudative pleural 
effusion (n= 62)

Total  
(n=107)

Age (yr), mean ± SD 46.8 ± 9.6 44.3 ± 14 45.3 ± 12.4

Male gender n (%) 36 (80) 50 (80.6) 86 (80.4)

CKD stage n (%)

Stage 4 5 (11.1) 8 (12.9) 13 (12.1)

Stage 5 40 (88.9) 54 (87.1) 94 (87.9)

CKD Stage 5 n (%)

Haemodialysis 40 (100) 51 (94.4) 91 (96.8)

CAPD - 3 (5.5) 3 (3.2)

Clinical symptoms n (%)

Fever 13 (28.8) 30 (48.4)* 43 (40.1)

Cough 7 (15.5) 18 (29) 25 (23.3) 

Dyspnoea 28 (62.2) 39 (62.9) 67 (62.6)

Chest pain 5 (11.1) 13 (21) 18 (16.8)

Pleural effusion n (%)

Unilateral 40 (88.9) 41 (88.7) 66 (61.7)

Bilateral 5 (11.1) 7 (11.3) 12 (11.2)

Pleural effusion size n (%)

Small 11 (24.4) 14 (22.6) 25 (23.4)

Moderate 34 (75.6) 37 (59.7) 71 (66.4)

Large - 11 (17.7) 11 (10.2)

Blood investigations

Haemoglobin (g/dl), (mean ± SD) 10.89 ± 2.9 9.35 ± 1.6* 9.60 ± 1.9

Protein (g/dl), (mean ± SD) 6.53 ± 0.84 6.66 ± 0.87 6.61 ± 0.85

Urea (mg/dl), median (IQR) 112 (100-140) 132.5 (100-173)* 120 (100-161)

Creatinine (mg/dl), median (IQR) 7 (6-8) 8 (6-10) 7 (6-9)

Pleural fluid analysis

Total leucocyte count (cells/µl), median (IQR) 80 (40-200) 200 (70-685) ** 100 (60-400)

Polymorphs %, median (IQR) 30 (20-80) 60 (10-80) 60 (20-80)

Lymphocytes %, median (IQR) 40 (20-80) 30 (10-80) 30 (20-80)

Protein (g/dl), (mean ± SD) 1.69 ± 0.63 4.32 ± 1.2*** 3.21 ± 1.6

Lactate dehydrogenase (U/l), median (IQR) 111 (62-120) 285 (236-435) * 271(200-399)

Glucose (mg/dl), (mean ± SD) 115 ± 61 107 ± 37 110 ± 48

Adenosine deaminase (U/l), median (IQR) 7 (4.5-8.5) 17 (12-26.7) *** 16 (11-23)

Gram stain positivity - - -

Culture positivity n (%) - - -

All values are expressed as number (percentage) unless otherwise stated
P*<0.05, **<0.01, ***<0.001 compared with transudative pleural effusion. CAPD, continuous ambulatory peritoneal dialysis; IQR, 
interquartile range
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	 Thoracoscopy was performed in 26 (42%) patients 
with exudative pleural effusion (Figure). Of these, 
25 were on dialysis (24 haemodialysis, 1 peritoneal 
dialysis). Adhesions were found in 11 (42.3%) and 
diffusely scattered small nodules were encountered 
in five patients. A diagnosis of pleural tuberculosis 
was made in six (23.1%) patients while a diagnosis 
of non-specific pleuritis [fibrinous pleuritis (n=8), 
mesothelial cell proliferation with inflammation (n=6) 
and organising inflammation (n=6)] was made in 
the remaining. The diagnosis of pleural tuberculosis 
was made on the finding of necrotic granulomas on 
histopathology in all patients. Smear for AFB was 
positive in three patients while culture of the pleural 
tissue yielded growth of M.tuberculosis in three 
patients. Presence of pleural nodules (5/6 patients with 
pleural tuberculosis) had 83 per cent sensitivity and 
100 per cent specificity fordiagnosis of tuberculous 
pleuritis. Five complications [(haemorrhage (n=2), 
empyema (n=3)] were encountered in three patients, all 
in those with adhesions, which were treated with chest 
tube insertion and antibiotic therapy.

Sensitivity and specificity of ADA in pleural fluid: Four 
of six patients with tuberculosis had ADA ≥40 U/l 
while two patients had ADA values of 38 and 14 U/l, 
respectively. Two patients with non-specific pleuritis 
had ADA >40 U/l (48 and 50 U/l, respectively). The 
sensitivity and specificity of ADA for the diagnosis of 
tuberculosis was 66.7 and 90 per cent respectively. 

Sensitivity and specificity of TB-PCR in pleural 
fluid/biopsy: PCR for 65 kDa gene was positive in 
16 patients: all six with pleural TB and 10 of the 20 

patients with non-specific pleuritis giving a sensitivity 
and specificity of 100 and 50 per cent, respectively. On 
the other hand, the multiplex PCR was positive only in 
patients with tuberculous pleural effusion, providing a 
sensitivity and specificity of 100 per cent.

Follow up of patients: The mean (IQR) duration 
of followup was five (4-9) months. All six patients 
with pleural tuberculosis showed clinical response in 
terms of symptoms and resolution of effusion after 
institution of antitubercular therapy. Of the 20 patients 
with non-specific pleuritis, 13 patients responded 
to intensification of haemodialysis session, three of 
whom underwent kidney transplantation whereas the 
remaining seven patients continued to have recurrent 
pleural effusions. No patient in the non-specific 
pleuritis group showed evidence of tuberculosis during 
followup.

discussion

	 In the current study, the commonest cause of 
exudative pleural effusions was uraemic rather than 
infections, similar to previously reported experience19,20. 
We found poor sensitivity and specificity (67 and 90%, 
respectively) of pleural fluid ADA at a cut-off of 40 
units per liter. In the largest study on ADA in pleural 
effusions, Porcel et al21 reported the sensitivity and 
specificity of pleural fluid ADA >35U/l of 93 and 
90 per cent, respectively. In two meta-analyses, the 
sensitivity and specificity of ADA in diagnosis of 
tuberculous pleurisy have been reported at 47-100 and 
41-100 per cent, respectively5,6. There are no studies 
evaluating ADA in pleural fluid of CKD patients. In a 

Fig. Algorithm depicting the flow of patients in the study.
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study on renal transplant recipients with tuberculous 
pleural effusion, a sensitivity of 91.3 per cent has been 
reported for ADA22. 

	 In our study, although the sensitivity of 65 kDa 
PCR was 100 per cent, the specificity was only 50 per 
cent. In contrast, multiplex PCR showed 100 per cent 
sensitivity and specificity. In a meta-analysis8 on the 
role of NAAT in diagnosis of tuberculous pleuritis the 
sensitivity and specificity of commercial NAAT were 
62 and 98 per cent, respectively, whereas the in-house 
NAAT had sensitivity and specificity of 71 and 93 per 
cent, respectively. Studies using 65kDa gene PCR 
reported sensitivity and specificity ranging from 20-
100 and 78-100 per cent, respectively8. the multiplex 
PCR employing IS6110, protein antigen b, and MPB64 
has been shown to have excellent sensitivity and 
specificity17,23,24.

	 Pleural fluid smear for AFB was negative and 
culture for M.tuberculosis was sterile in all our patients 
finally diagnosed to have pleural tuberculosis. Routine 
smears of pleural fluid for mycobacteria are almost 
always negative unless the patient has tuberculous 
empyema25,26. In most studies on tuberculous pleuritis, 
the cultures were positive in less than 40 per cent27. 
In one study on 248 patients with tuberculous pleuritis 
who underwent needle biopsy of the pleura, the biopsy 
showed granulomas in 80 per cent, the AFB stain and 
culture of the biopsy tissue was positive in 25.8 and 56 
per cent respectively26.

	 Thoracoscopic pleural biopsy with 
histopathological examination remains the most 
sensitive investigation for diagnosis of tuberculous 
pleural effusion with 100 per cent sensitivity, and is 
currently the reference standard3,11,28. tuberculosis 
was encountered in only a minority of CKD patients 
with exudative pleural effusion, contrary to the 
high prevalence of tuberculosis in exudative pleural 
effusion in general population in India29. tuberculosis 
was diagnosed in six of 107 (5.6%) patients; this figure 
was high compared with the general population29. On 
the other hand, the most common cause of pleural 
effusion was CKD-related. There may be several 
reasons for this, the most common being inadequate 
dialysis and co-existing cardiovascular disease. All 
our patients were receiving twice a week dialysis, as 
being practiced in India30.

	 Our study showed medical thoracoscopy to be a 
safe and effective technique in the diagnostic work-up 
of uraemic pleural effusion. This procedure prevented 

unnecessary exposure of CKD patients to potentially 
toxic and prolonged course of antitubercular therapy. 
A variety of complications with thoracoscopy have 
been described31. However, there was no mortality 
associated with diagnostic thoracoscopy while the 
major complication rate was about two per cent31. 
In our study, five complications were reported in 
three patients, all in those with adhesions. Hence, 
thoracoscopy should be performed as early as possible, 
before adhesions have had a time to develop13. Uraemia 
is associated with platelet dysfunction and increased 
risk of haemorrhagic events32 as also seen in our study 
where bleeding was seen despite normal coagulation 
parameters in patients receiving haemodialysis the day 
before the procedure.

	 The results of this study can only be considered as 
hypothesis generating because of the small sample size 
and the conduct of the study at a single centre. 

	 In conclusion, the results of this study suggest that 
uraemic pleural effusion is the most common cause of 
pleural effusion in CKD, even in high TB prevalence 
area. Multiplex PCR and thoracoscopy are useful 
investigations in the diagnostic work-up of pleural 
effusions complicating uraemia to identify tuberculous 
aetiology. Where multiplex PCR is not available, 
thoracoscopy should be routinely performed in the 
diagnostic work-up of pleural effusions complicating 
uraemia. The multiplex PCR and the thoracoscopy 
approach requires validation in larger preferably 
multicentric trials with uniform methodology.
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