
 

 

© 2019 Fatima Jinnah Medical University, Lahore, Pakistan.  J Fatima Jinnah Med Univ 2019; 13: 18-22 

Original article 

 

Diagnostic accuracy of combined sonographic findings and 
pleural fluid adenosine deaminase levels for tuberculous pleural 
effusions in endemic areas - A study of 415 patients 
 

Abdul Rasheed Qureshi1, Muhammad Irfan2, Zeeshan Ashraf3 

 

1Assistant Professor, Gulab Devi Post Graduate Medical Institute Lahore, Pakistan, 2Assistant Professor, Gulab Devi Post Graduate Medical 

Institute, Lahore, Pakistan, 3Lecturer, Department of Statistics, Gulab Devi Educational Complex, Lahore 

Correspondence to: Dr. Muhammad Irfan, Email: irfan16d2@gmail.com 

 

ABSTRACT 
Background: Pleural fluid adenosine deaminase (ADA) level is a useful test for differentiating tuberculous from 

malignant pleural effusions. Trans-thoracic ultrasound (TUS) is currently being used to identify pleural effusions, 

septations and safely conduct invasive procedures. Recently sonographic septations are reported as significant predictor 

of tuberculosis. By combining these two entities, diagnostic yield can be increased tremendously for tuberculosis.  

Objectives: To evaluate the combined effect of sonographic findings of septations and pleural fluid ADA levels on the 

diagnostic yield for tuberculous pleural effusions. 

Patients and methods: This prospective study was conducted at the Pulmonology Outpatients Department of Gulab 

Devi Chest Hospital, Lahore from January 2016 till June 2018. Total 415 cases with age 14 years and above, having 

radiological evidence of pleural effusion and willing for ADA level estimation were included in the study. Detailed 

history, physical examination, X-ray chest, transthoracic ultrasound (TUS), haematological and biochemical reports 

were evaluated. Pleural fluid (PF) cytology, microbiology and biochemical analysis including pleural fluid ADA 

estimation was done. Data entered and analyzed in SPSS version 21. 

Results: Out of 415 cases, 380 (91.56%) were exudates. Statistical analysis of results after combining sonographic 

septations and PF ADA levels results showed sensitivity of 97.21%, specificity 91.22%, positive prediction 98.43%, and 

negative prediction of 85.24% for diagnosis of tuberculous effusion. 

Conclusion: Combining sonographic septations with PF ADA levels has high diagnostic yield and is recommended as 

effective tool for initial diagnosis of tuberculous pleural effusions. 
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INTRODUCTION 
Pleural effusions (PE) are classified as exudative or 

transudative, depending upon the protein content.1 

Discrimination between tuberculous and malignant 

pleural effusions is a practical challenge because both 

have exudative lymphocytic type. The differential 

diagnosis between TB and malignancy becomes even 

more problematic in elderly because this age favors 

malignancy, reactivation tuberculosis and pyogenic 

infections in immuno-compromised individuals. 

Tuberculous and malignant PE present as exudative 

lymphocytic type. TB is endemic in Pakistan and is 

considered the sole cause of an exudative-lymphocytic 

PE until proven otherwise.2 Cancers and pyogenic 

infections are other significant contributors.3 Evidence  
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based diagnosis of tuberculosis is made by identifying 

acid fast bacilli (AFB), Mycobacterium tuberculosis 

(MTB), or a caseating granuloma. However, failure to 

identify Mycobacterium TB in the smear or culture and 

absence of a caseating granuloma on histopathology 

does not exclude tuberculosis, especially in endemic 

areas like Pakistan.4 The reported yield of AFB in 

pleural fluid is less than 20% and efficacy of biopsy is 

around 40-80%.5-7 Pleural fluid (PF) adenosine 

deaminase (ADA) level gives diagnostic yield around 

80-90% for tuberculosis in high prevalence 

populations.8-10 Transthoracic chest ultrasound (TUS) 

identifies pleural effusions and septations with high 

sensitivity and specificity and is a useful diagnostic 

predictor for tuberculosis in high prevalence areas.11-12 

When sonographic-septation results are combined with 

pleural fluid ADA result, better diagnostic yield is 

obtained for tuberculosis, in high burden populations.13 

This study aims to evaluate the combined yield of these 

two tools (sonographic septations and PF-ADA level) in 

the initial diagnosis of tuberculous pleural effusion. 
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PATIENTS AND METHODS 
This prospective study was conducted at the Out-

Patient Department of Pulmonary Medicine, Gulab 

Devi Teaching Hospital Lahore from January 2016 till 

June 2018. Consecutive Patients with age 14 years and 

above having imaging evidence of pleural effusion on 

chest X-ray and ultrasonography, and willing for ADA 

level estimation of pleural fluid were included. After 

detailed history and physical examination, PE suspects 

on chest X-ray, were subjected to trans-thoracic 

ultrasonography. Four sonographic patterns were 

identified; (i) anechoic: pleural effusion having no 

echoes inside (ii) complex septated: complex effusions 

containing septations inside, (iii) complex non-septated: 

complex effusions without any internal septations, and 

(iv) homogenous echogenic: pleural effusions with 

homogenous hyper-echoic pattern.14 Ultrasound-

guided pleural aspiration was done. Pleural fluid 

samples were examined for biochemistry, cytology, 

Gram staining, ZN-staining, pyogenic culture and ADA 

measurement. Sputum AFB and cytology were done. 

Sonographic septations were identified. TUS-guided 

pleural biopsy was done. Response to anti-TB 

treatment was noted. Exudative effusions were 

separated from tran  Criteria.15 

Neutrophilic exudates were isolated by fluid 

differentiated counts. Pyogenic effusions were 

diagnosed by typical history, leukocytosis, Gram 

staining, culture sensitivity and homogenous echogenic 

appearance on ultrasound. The lymphocytic exudates 

included tuberculosis and malignant etiologies. 

Malignancy was diagnosed by finding malignant cells in 

PF, sputum and biopsy reports. The diagnosis of 

tuberculosis was made by pyrexia of unknown origin, 

history of contact with a TB patient, suggestive physical 

examination and supported by either isolation of AFB 

or caseating granuloma or response to anti-TB 

treatment. The diagnostic yield was obtained by pleural 

fluid ADA levels at cut-off value 40 IU/L and was 

compared with the final clinical diagnosis. The 

sonographic septations were identified in ADA-false 

negative (FN) cases and were added to the ADA based 

diagnostic yield.  

 The diagnostic yield was calculated once again. 

Sensitivity, Specificity, positive predictive value (PPV), 

negative predictive value (NPV) and diagnostic 

accuracy were calculated by using standard formulae 

and compared with that of ADA based diagnostic yield. 

Conclusions were drawn by statistical analysis using 

SPSS version 21.  

 

RESULTS  
Total 415 patients were enrolled with age range was 14-

64 years. Their mean age was 30.9 ± 17.38 years. The 

mean age for non-malignant effusions was 22 years 

while mean age for malignant effusions was 39 years. 

Out of 415 patients, 282 (67.95%) were males while 133 

(32.04%) were females. Male to female ratio was 2.12:1. 

Two hundred and thirty-six (56.86%) patients had 

right-sided and 142 (34.21%) had left-sided pleural 

effusion, while bilateral PE was observed in another 37 

(8.91%) patients. Total 381 (91.8%) PF were straw-

colored, 25(6.02%) blood-stained and 9 (2.17%) were 

watery in appearance. Clot formation was noted in 321 

(77.34%) cases. Thirty-seven (8.91%) patients were 

reported with diabetes mellitus and 17 (4.09%) were 

drug users. History of contact with the TB patients was 

available in 79 (19%) patients. Transudative PE was 

reported in 35 (8.43%) patients while 380 (91.56%) had 

exudative PE. Out of these 380 cases, neutrophilic 

exudates were observed in 26 (6.84%) while 

lymphocytic exudate was reported in 354 (93.15%) 

patients. The clinical features of the study population 

are summarized in Table 1. Basic hematological and 

pleural fluid findings in 380 exudative pleural effusions 

are depicted in Table 2. 

 LFTs, RFTs, HBs Ag, Anti-HCV and HIV results 

were non-conclusive in all patients with exudative 

effusions. Final diagnosis was made on the basis of 

clinico-pathological findings and response to treatment. 

Patients were followed for six months. Various 

etiological groups identified in 380 exudative pleural 

effusions included: (i) pyogenic PE in 26 (6.84%), (ii) 

tuberculous PE in 323 (85%) and (iii) malignant PE in 

31 (8.15%). Total 323 patients were diagnosed as 

having pleural tuberculosis on clinical grounds. Two 

hundred and ninety-five patients were diagnosed as TB 

with ADA level >40 IU/L (true-positive cases) while 28 

cases of TB showed ADA level <40 IU/L (false negative 

cases). In 57 patients, TB was ruled-out by ADA, but 5 

cases of non-TB patients had ADA level >40 U/L (false 

positive test). The ADA level for TB PE ranged 32

328 IU/L with mean 79.9 IU/L, while the range for 

non-TB group was between 9 42 IU/L with mean  

 
Table 1. Clinical features of the study participants 

Clinical features Frequency (n) Percentage 

Chest pain 339 81.68 

Cough  325 78.31 

Fever  312 75.18 

Dyspnoea  280 67.46 

Weight loss  271 65.30 

Loss of Appetite  263 63.37 
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Table 2. Pleural fluid and hematological features in lymphocytic exudates (n = 380)  

Characteristics Exudative pleural effusions 

 Tuberculous Malignant  Pyogenic  

Total exudates (n) 323 31 26 

Clot formation (%) 98 0 7.6 

Protein (g/dL) [mean] 5.7 4.4 6.2 

Fluid cytology (%) Lymphocyte = 98.93 Lymphocyte = 78 Poly = 87 

Positive growth culture (%) 0 0 65.38 

ZN staining (%) 0 0 0 

Malignant cells (%) 0 58.06 0 

ADA concentration (IU/L) [mean]  73.48 14.3 18.9 

ESR (mm/1st hour) [mean] 40.97 38 67 

TLC (No. of cells/mm3) [mean] 8,755 10,220 14,950 

Hemoglobin (g/dL) [mean] 10.86 11.4 8.2 

Serum protein (gm/dL) [mean] 7.21 7.9 7.4 

ZN: Ziehl-Neelsen; ADA: adenosine deaminase ESR: erythrocyte sedimentation rate; TLC: total leukocyte count 

 

 

value 18 IU/L. Diagnostic yield of tuberculous pleural 

effusion (TBPE) is shown in Table 3. Diagnostic 

Accuracy in ADA based efficacy was found as 91.31%. 

Regarding transthoracic ultrasonographic (TUS) 

findings, out of total 323 TBPE, 258 (79.87%) showed 

complex septated effusion, 43 (13.31%) complex non-

septated and 22 6.81%) were anechoic in character.  

Fifty seven of 323 cases (17.6%) belonged to non-TB 

group; 14 (24.56%) showing homogenous echogenic 

pattern, 7 (12.28%) complex septated, 25 

(43.85%)complex non-septated and 11 (19.29%) 

anechoic pattern. A complex septated pattern was found 

in 265 of 380 (69.73%) cases. Total 258 of 265 

(97.35%) cases had tuberculous etiology while 7 cases 

belonged to non-TB group. Only 22 (6.81%) cases 

showed anechoic pattern in tuberculous pleural 

effusions while 43 (13.31%) cases with complex non-

septated pleural effusions were also encountered with 

TBPE. Total 295 patients were diagnosed as 

tuberculosis by PF-ADA level (TP). Twenty-eight cases 

of tuberculous pleural effusions were not identified by 

ADA (false negative). Nineteen of these 28 (67.85%) 

displayed sonographic septations. These 19 cases were 

added to the diagnostic yield of ADA and diagnostic 

yield was recalculated. The corrected yield being: true 

positive cases (TP) - 314 (295 +19), False Negative cases 

(FN) - 9, True negative cases (TN) - 52, False positive 

cases (FP) - 5. The statistical analysis results are shown 

in Table 3.  

 

DISCUSSION 
In this study, patients aged 20 to 30 years constituted 

72.88% of the study population and the mean age was 

30.94 years which is similar to other reports who have 

quoted mean age of around 31.5 years or more.14,15 TB 

PE in elderly were encountered in previously treated 

patients, due to re-activation and re-infection as shown 

by other authors as well.16 The comparison between the 

mean ages of non-malignant (24 years) and malignant 

effusions (44 years) was statistically significant (p<0.05). 

Other authors reported similar findings in their 

studies.17-18 Male to female ratio (2.12:1) showed that 

pleural effusion is more common in males than in 

females and is consistent with other reports.17-18 On 

clinical grounds, 323 (85%) cases of TB PE, 31 (8.15%) 

cases with malignant pleural effusions and 26 (6.84%) 

cases with pyogenic PE were diagnosed while TB was 

the most common etiology. This is supported by other 

researchers as well.19 Twenty-six (6.84%) cases of 

pyogenic PE were isolated. These included 11-cases of 

para-pneumonic effusions and 15-cases of empyema. 

Only two cases of empyema were found in younger age 

group while 13 cases of empyema were diagnosed in 

elderly, out of which 07 cases were identified in 

diabetics and 06 cases of empyema were found in drug 

abusers which is because DM and alcohol abuse alters 

immune regulation, leading to immunodeficiency and 

increased susceptibility to bacterial pneumonia, 

tuberculosis, and other infectious diseases.20 Total 354 

out of 380 (93.15%) cases with lymphocytic-exudates 

included tuberculous and malignant etiologies with 

almost similar features. The discrimination between 

these two entities is really a challenge, because tissue 

diagnosis is required for neoplastic etiology.21 It is a 

risky procedure, not readily available and suitable for 

serious patients, the diagnostic yield is not more than 

80%.22,23 Because Pakistan ranks 5th among the high 

burden countries, with an annual incidence of 

497/100,000 and pleural effusion is the most common 

type of extra-pulmonary tuberculosis. Similarly 

malignant pleural effusions are increasing because of 

smoking and environmental pollution. Differentiation  
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Table 3. Diagnostic accuracy of combined sonographic findings and 

pleural fluid adenosine deaminase levels for tuberculous pleural 
effusions  

Statistics Type of diagnostic test 

PF ADA levels PF ADA levels + septations 

True positive 295 314 

False positive 5 5 

False negative 28 9 

True negative 52 52 

PPV (%) 98.33 98.43 

NPV (%) 65 85.25 

Sensitivity (%) 91.33 97.21 

Specificity (%) 91.22 91.22 

Accuracy (%) 91.32 96.32 

PF: pleural fluid; ADA: adenosine deaminase; PPV: positive-predictive value; 

NPV: negative-predictive value  

 

 

between the two entities is essential, as both exist as 

lymphocytic exudates. The diagnostic yield for 

tuberculosis in this study by PF ADA level with cut off 

value 40 IU/L obtained a sensitivity of 91.3%, 

specificity 91.2%, PPV 98.3%, NPV 65% and 

diagnostic accuracy 91.3% for TB diagnosis. Many 

current researchers have reported that pleural fluid 

ADA level has got a high discriminative value between 

tuberculous and malignant PE in high prevalence 

populations.24-28 In this study, 295 cases of TB were 

found with PF ADA level >40 IU/L (true-positive cases) 

while 28 cases of tuberculosis showed PF ADA level <40 

IU/L (false negative cases). The ADA level for TB PE 

ranged 32 328 IU/L with mean 79.88 IU/L, while the 

range for non-TB group was between 09 42 IU/L 

with mean value 18.0 IU/L. Only 5/380 non-TB cases 

showed ADA level >40 IU/L. The cases of TB showing 

PF ADA level <40 IU/L were in the range of 32-39. 

These lower marginal levels were found in tuberculous 

PE in elderly age group, diabetes, gross pleural 

thickening containing micro-loculations, minimal 

pleural effusions and those who were previously treated 

symptomatically with quinolones. The current 

literature states that in early disease, ADA levels are low 

while higher level of ADA are demonstrated in the same 

patient when estimated later, with established disease. 

Similarly, the ADA level is reduced in response to anti-

TB treatment. This may be the explanation of lower 

marginal ADA levels in quinolone treated patients in 

this study, because quinolones are shown to have anti-

tuberculous activity. A negative correlation was found 

between PF ADA level and the age of the patient. 

Higher ADA level values were observed in younger 

patient as compared to the elderly patients, since 

slightly lower marginal levels (<40 IU /L) of ADA were 

observed in old age.29 This may reflect a need to set 

different cut-off values for younger and elderly groups. 

Twenty-eight false negative cases were found in this 

study which were not diagnosed by ADA, 19 of these 

showed complex septated pattern. These 19 cases which 

were not picked by ADA were readily diagnosed by 

sonographic septations. When these 19 cases were 

added to the ADA positive cases (295), the combined 

diagnostic yield was further improved (Table 3). Several 

authors have reported that sonographic septations in 

exudative lymphocytic pleural effusions is a useful 

diagnostic predictor for tuberculosis in high prevalence 

area. Martinez and group reported that the winding 

bands were seen frequently in patient with TPE.30 

Current study has the limitation that only patients with 

tuberculous, pyogenic and malignant pleural effusions 

were included in the differential diagnosis. Pyogenic 

effusions are easily segregated but actual problem is 

encountered in differentiating TB from malignancy. As 

the pleural space was evacuated at the time of diagnostic 

aspiration, repeated estimation of ADA in patients with 

low ADA level TB PE was difficult or not possible. 

Similarly, prognostic value of ADA levels could not be 

studied for the same reasons.  

 

CONCLUSION 
ADA estimation and chest sonography are readily 

available, cost effective, easy to perform, safer than 

biopsy and give excellent diagnostic yield. It is 

concluded that diagnostic yield is tremendously 

increased after combining sonographic septations with 

pleural fluid ADA level in high prevalence populations. 

 
Acknowledgements: The authors would like to thank Dr. Hamid 
Mehmood, Mehfooz Ahmad and Muhammad Tahir for their valuable 

assistance.  

 

REFERENCES 
1. Light RW. Update on tuberculous pleural effusion. 

Respirology. 2010; 15(3): 451-8.  
2. Rauniyar SK, Agarwal A, Bhattacharya SK. Comparison of 

needle biopsy with pleural fluid analysis for the evaluation of 
pleural lesions. Nepal Med Coll J. 2004;6(2):112-5. 

3. Porcel JM, Esquerda A, Vives M, Bielsa S. Etiology of pleural 

effusions: analysis of more than 3,000 consecutive 
thoracenteses. Arch Bronconeumol. 2014;50(5):161-5. 

4. Porcel JM. Tuberculous pleural effusion. Lung. 
2009;187(5):263-70. 

5. Gupta BK, Bharat V, Bandyopadhyay D. Role of adenosine 
deaminase estimation in differentiation of tuberculous and non-

tuberculous exudative pleural effusions. J Clin Med Res. 2010; 
2(2): 79-84. 

6. Avnon L, Kalchiem-Dekel O, Gozlan-Talmor A, Shimonovitch 
F, Shalev R, Maimon N. The role of closed pleural biopsy in 

the diagnosis of tuberculous pleurisy in a population at-risk. 
Harefuah. 2016; 155(2): 110-4. 

https://www.ncbi.nlm.nih.gov/pubmed/21811524
https://www.ncbi.nlm.nih.gov/pubmed/?term=Avnon%20L%5BAuthor%5D&cauthor=true&cauthor_uid=27215124
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kalchiem-Dekel%20O%5BAuthor%5D&cauthor=true&cauthor_uid=27215124
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gozlan-Talmor%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27215124
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shimonovitch%20F%5BAuthor%5D&cauthor=true&cauthor_uid=27215124
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shimonovitch%20F%5BAuthor%5D&cauthor=true&cauthor_uid=27215124
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shalev%20R%5BAuthor%5D&cauthor=true&cauthor_uid=27215124
https://www.ncbi.nlm.nih.gov/pubmed/?term=Maimon%20N%5BAuthor%5D&cauthor=true&cauthor_uid=27215124
https://www.ncbi.nlm.nih.gov/pubmed/27215124


22  Qureshi et al 

© 2019 Fatima Jinnah Medical University, Lahore, Pakistan.  J Fatima Jinnah Med Univ 2019; 13: 18-22 

7. Ihsanullah, Khan N, Jadoon H, Zaman M, Ahmed A. Yield of 

Abrams needle pleural biopsy in exudative pleural effusion. J 
Ayub Med Coll Abbottabad. 2009; 21(1): 116-8. 

8. Boonsarngsuk V, Suwannaphong S, Laohavich C. Combination 
of adenosine deaminase activity and polymerase chain reaction 

in bronchoalveolar lavage fluid in the diagnosis of smear-
negative active pulmonary tuberculosis. Int J Infect Dis. 2012; 

16(9): e663-8.  
9. Salmanzadeh S, Tavakkol H, Bavieh K, Alavi SM. Diagnostic 

Value of Serum Adenosine Deaminase (ADA) Level for 
Pulmonary Tuberculosis. Jundishapur J Microbiol. 2015; 8(3): 

e21760.  
10. Qureshi AR. Diagnostic efficacy of pleural fluid adenosine 

deaminase level in diagnosing TB pleural effusion is excellent 
in a high prevalence area. Annals PIMS-Shaheed Zulfiqar Ali 

Bhutto Medical University. 2018; 14(1): 52-7. 

11. Chen HJ, Hsu WH, Tu CY, Yu YH, Chiu KL, Hang LW et al. 
Sonographic septation in lymphocyte-rich exudative pleural 

effusions: a useful diagnostic predictor for tuberculosis. J 
Ultrasound Med. 2006; 25(7): 857-63. 

12. Hallifax RJ, Corcoran JP, Ahmed A, Nagendran M, Rostom H, 
Hassan N, et al. Physician-based ultrasound-guided biopsy for 

diagnosing pleural disease. Chest. 2014; 146: 1001-6. 
13. Zhai K, Lu Y, Shi HZ. Tuberculous pleural effusion. J Thorac 

Dis. 2016; 8(7): e486-94.  
14. Elena Prina, Antoni Torres, Carlos Roberto Ribeiro Carvalho, 

Lung ultrasound in the evaluation of pleural effusion. J Bras 
Pneumol. 2014; 40(1): 1 5.  

15. Light RW. Pleural diseases. 6th ed. Philadelphia: Lippincott 
Williams & Wilkins; 2013. 

16. Fatima R, Harris RJ, Enarson DA, Hinderaker SG, Qadeer 

E, Ali K, et al. Estimating tuberculosis burden and case 
detection in Pakistan. Int J Tuberc Lung Dis. 2014; 18(1): 55

60.  
17. Ibrahim WH, Ghadban W, Khinji A, Yasin R, Soub H, Al-

Khal AL, et al. Does pleural tuberculosis disease pattern differ 
among developed and developing countries. Respir Med. 

2005;99(8):1038-45. 
18. Heidari B, Bijani K, Eissazadeh M, Heidari P. Exudative 

pleural effusion: effectiveness of pleural fluid analysis and 
pleural biopsy. East Mediterr Health J. 2007;13(4):765 73. 

19. Burgess LJ, Maritz FJ, Taljaard JJ. Comparative analysis of the 
biochemical parameter used to distinguish between pleural 

transudates and exudates. Chest. 1995;107(6):1604-9. 

20. Cook RT. Alcohol abuse, alcoholism, and damage to the 

immune system -- a review. Alcohol Clin Exp Res. 1998; 22(9): 

1927-42.  
21. Metintas M, Ak G, Dundar E, Yildirim H, Ozkan R, Kurt E, et 

al. Medical thoracoscopy vs CT scan-guided Abrams pleural 
needle biopsy for diagnosis of patients with pleural effusions: a 

randomized, controlled trial. Chest. 2010; 137(6): 1362-8.  
22. Maturu VN, Dhooria S, Bal A, Singh N, Aggarwal AN, Gupta 

D, et al. Role of medical thoracoscopy and closed-blind pleural 
biopsy in undiagnosed exudative pleural effusions: a single-

center experience of 348 patients. J Bronchology Interv 
Pulmonol. 2015; 22(2): 121 9.  

23. Maldhure BR, Bedarkar SP, Kulkarnl HR, Paplnwar SP. 

Pleural Biopsy and Adenosine Deaminase in Pleural Fluid for 
the diagnosis of Tubercular Pleural Effusion. Ind J Tub. 1994; 

41: 161-5. 
24. Helmy NA, Eissa SA, Masoud HH, Elessawy AF, Ahmed RI. 

Diagnostic value of adenosine deaminase in tuberculous and 
malignant pleural effusion. Egyptian J Chest Dis and 

Tuberculosis. 2012; 61(4): 413-7. 
25. Darooei R, Sanadgol G, Gh-Nataj A, Almasnia M, Darivishi A, 

Eslaminejad A, et al. Discriminating Tuberculous Pleural 
Effusion from Malignant Pleural Effusion Based on Routine 

Pleural Fluid Biomarkers, Using Mathematical Methods. 
Tanaffos. 2017; 16(2): 157 65. 

26. Chen ML, Yu WC, Lam CW, Au KM, Kong FY, Chan AY. 
Diagnostic value of pleural fluid adenosine deaminase activity 

in tuberculous pleurisy: Clin Chim Acta. 2004; 341(1-2):101-7. 

27. ́ B, Kuruc V, Milovancev A, Markovic M, čev 
T, Čanak V. Differential diagnosis of tuberculous and 

malignant pleural effusions: what is the role of adenosine 
deaminase? Lung. 2008; 186(4): 233 40.  

28. Aggarwal AN, Agarwal R, Sehgal IS, Dhooria S, Behera D. 
Meta-analysis of Indian studies evaluating adenosine deaminase 

for diagnosing tuberculous pleural effusion. Int J Tuberc Lung 
Dis. 2016; 20(10):1386-91. 

29. Querol JM, Barbe F, Manresa F, Esteban L, Canete C. Low 
value of adenosine deaminase in tuberculous pleural effusions, 

Eur Respir J. 1990: 3: 586 7.  
30. Carazo Martínez O, Vargas Serrano B, Rodríguez Romero R. 

Real‐time ultrasound evaluation of tuberculous pleural 
effusions. J Clin Ultrasound. 1989; 17(6): 407-10.  

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20HJ%5BAuthor%5D&cauthor=true&cauthor_uid=16798896
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hsu%20WH%5BAuthor%5D&cauthor=true&cauthor_uid=16798896
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tu%20CY%5BAuthor%5D&cauthor=true&cauthor_uid=16798896
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yu%20YH%5BAuthor%5D&cauthor=true&cauthor_uid=16798896
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chiu%20KL%5BAuthor%5D&cauthor=true&cauthor_uid=16798896
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hang%20LW%5BAuthor%5D&cauthor=true&cauthor_uid=16798896
https://www.ncbi.nlm.nih.gov/pubmed/16798896
https://www.ncbi.nlm.nih.gov/pubmed/16798896
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fatima%20R%5BAuthor%5D&cauthor=true&cauthor_uid=24365553
https://www.ncbi.nlm.nih.gov/pubmed/?term=Harris%20RJ%5BAuthor%5D&cauthor=true&cauthor_uid=24365553
https://www.ncbi.nlm.nih.gov/pubmed/?term=Enarson%20DA%5BAuthor%5D&cauthor=true&cauthor_uid=24365553
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hinderaker%20SG%5BAuthor%5D&cauthor=true&cauthor_uid=24365553
https://www.ncbi.nlm.nih.gov/pubmed/?term=Qadeer%20E%5BAuthor%5D&cauthor=true&cauthor_uid=24365553
https://www.ncbi.nlm.nih.gov/pubmed/?term=Qadeer%20E%5BAuthor%5D&cauthor=true&cauthor_uid=24365553
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ali%20K%5BAuthor%5D&cauthor=true&cauthor_uid=24365553
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5749329/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=14967164
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yu%20WC%5BAuthor%5D&cauthor=true&cauthor_uid=14967164
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lam%20CW%5BAuthor%5D&cauthor=true&cauthor_uid=14967164
https://www.ncbi.nlm.nih.gov/pubmed/?term=Au%20KM%5BAuthor%5D&cauthor=true&cauthor_uid=14967164
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kong%20FY%5BAuthor%5D&cauthor=true&cauthor_uid=14967164
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chan%20AY%5BAuthor%5D&cauthor=true&cauthor_uid=14967164
https://www.ncbi.nlm.nih.gov/pubmed/14967164
https://www.ncbi.nlm.nih.gov/pubmed/?term=Markovic%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18357489
https://www.ncbi.nlm.nih.gov/pubmed/?term=%C5%A0ar%C4%8Dev%20T%5BAuthor%5D&cauthor=true&cauthor_uid=18357489
https://www.ncbi.nlm.nih.gov/pubmed/?term=%C5%A0ar%C4%8Dev%20T%5BAuthor%5D&cauthor=true&cauthor_uid=18357489
https://www.ncbi.nlm.nih.gov/pubmed/?term=%C4%8Canak%20V%5BAuthor%5D&cauthor=true&cauthor_uid=18357489
https://www.ncbi.nlm.nih.gov/pubmed/27725052
https://www.ncbi.nlm.nih.gov/pubmed/27725052
https://www.ncbi.nlm.nih.gov/pubmed/?term=Carazo%20Mart%C3%ADnez%20O%5BAuthor%5D&cauthor=true&cauthor_uid=2506228
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vargas%20Serrano%20B%5BAuthor%5D&cauthor=true&cauthor_uid=2506228
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rodr%C3%ADguez%20Romero%20R%5BAuthor%5D&cauthor=true&cauthor_uid=2506228

