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Abstract 

Background: Establishing the etiology of exudative pleural effusions in low ADA level (<40IU/L) often requires biopsies 
from the pleura. Medical thoracoscopy (MT) is a minimally invasive procedure performed under local anesthesia. 

Aim: To assess diagnostic yield of medical thoracoscopy in undiagnosed exudative pleural effusion with low ADA (<40 
IU/L). To detect the association of pleural fluid ADA in different thoracoscopic diagnosis. 

Methods: This was a prospective observational study over a period of one year. Patients with undiagnosed exudative 

pleural effusion were enrolled in the study. MT was performed with rigid thoracoscope (OptymetCE0197) under 

local anesthesia. ADA level of pleural fluid was noted. Pleural biopsy material was subjected to histopathology 
examination and culture for mycobacteria along with cartridge-based nucleic acid amplification test for TB. Incidence 
of percentage of tuberculosis and malignancy in low ADA level was calculated. 

Results: 106 patients with undiagnosed exudative pleural effusion underwent thoracoscopy of which were 56 male and 
50 female. MT was able to establish the diagnosis in 96 cases, providing a diagnostic yield of 90.5%. Pleural TB 
contributed to 35.8% of undiagnosed pleural effusions in the present study. The mean ADA value was 33.9 and 19.6 in 
tuberculosis and malignant pleural effusion respectively which was found to be statistically significant. Among patients 
diagnosed as tuberculosis Mycobacterial Tuberculosis was detected on CBNAAT in 18%, while CBNAAT was negative 
in 82% cases. A cut off 28.5 IU/L for pleural fluid ADA, the sensitivity and specificity were 88.5% and 76.7% respectively 
based on receiver-operating characteristic analysis (AUC0.88).  

Conclusion: Medical Thoracoscopy is a valuable diagnostic tool for undiagnosed exudative pleural effusion. It is a 
simple and safe procedure without significant morbidity and mortality. Thoracoscopy should be done as soon as 
possible in low ADA value whenever it is available. As significant number of tuberculosis patients are seen in even in 
low ADA(<40IU/L) setting. 

Keywords: Adenosine deaminase levels; Medical thoracoscopy; Pleural tuberculosis; Malignancy; Undiagnosed 
exudative effusion  

1. Introduction

Pleural effusion is one of the most common entities in pulmonary medicine and can be due to varying etiology. 
Establishing the etiology of pleural effusion is of paramount importance, as the treatment and prognosis of pleural 
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effusion largely depend on its cause [1]. Understanding the nature and composition of pleural effusions is crucial for 
accurate diagnosis and effective management [2]. Timely and accurate diagnosis of the etiology of pleural effusion is 
critical for appropriate treatment planning and patient care. 

Approximately in one-fourth patients (20-25%) with the pleural pathology, clinicians are unable to diagnose a specific 
etiology even after substantial work up that includes pleural fluid analysis (cyto-biochemical and microbiological) and 
closed pleural biopsy [3, 4]. The two most important causes of lymphocyte predominant pleural effusion are 
tuberculosis and malignancy. Among the biochemical parameters used for differentiating between these two, ADA has 
important clinical application value. In undiagnosed pleural effusion, pleural biopsy is the gold standard and it reveals 
malignancy, tubercular and non-specific pleuritis. More than half of these patients are eventually diagnosed as 
malignant [5]. 

Medical thoracoscopy (MT) is a minimally invasive procedure which helps the interventional pulmonologist to enter 
the pleural cavity and take pleural samples under direct visualization. Medical thoracoscopy (MT) is commonly 
performed by respiratory physicians for diagnostic as well as therapeutic purposes and has now come to the forefront 
as an important diagnostic aid for the evaluation of undiagnosed pleural effusion [6]. The earliest use of thoracoscopy 
dates to 1865 and 1866 by Francis Richard Cruise and Samuel Gordon, respectively [7, 8]. It was described for diagnostic 
purpose by Jacobaeus in 1910. Semirigid thoracoscope was evaluated as a new instrument for the examination of 
thoracic cavity for the first time in 1998 [3]. Two type two thoracoscopy available; video-assisted thoracoscopic surgery 
(VATS) and Medical Thoracoscopy (MT) [9]. 

The present study investigated the diagnostic yield and safety of medical thoracoscopy for undiagnosed exudative 
pleural effusions with low ADA level (<40IU/L) over one year period. Simultaneously we have tried to find out cut off 
value of ADA in differentiating tubercular from malignant pleural effusion.  

2. Materials and methods 

An Observational study was conducted in the Department of Pulmonary Medicine, IPGMER, Kolkata from January 2023 
to January 2024. 

Aims and objectives 

 To assess diagnostic yield of medical thoracoscopy in undiagnosed exudative pleural effusion with low ADA 
(<40 IU/L). 

 To detect the association of pleural fluid ADA in different thoracoscopic diagnosis. 
 

2.1. Inclusion criteria 

 Age ≥18 yrs. 
 Patients with undiagnosed exudative pleural effusion [10] defined as 2 consecutive pleural fluid cytology or cell 

block reports are negative. 

2.2. Exclusion criteria 

 Patients who are not willing to give consent. 
 Sputum positive PTB patients and patients of parapneumonic effusion. 
 Pleural fluid positive for acid-fast bacilli [AFB] smear and cartridge-based nucleic acid amplification test 

[CB-NAAT] for M Tb. 
 pleural fluid ADA levels >40 IU/L. 
 platelet count <75000/cc or P Time or APTT  >4 seconds above normal.  
 Hemodynamically unstable  
 Evidence of mass lesion, or cavitary lesion in CT chest.  

Sample size: all patients fulfilled inclusion and exclusion criteria patients were enrolled in the study. 

2.3. Data collection and interpretation 

All cases of undiagnosed exudative (as per Light’s criteria) pleural effusion with ADA level < 40IU/L as per inclusion 
and exclusion criteria were enlisted for medical thoracoscopic biopsy. Meticulous history taking, detailed clinical 
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examination with subsequent laboratory, radiological and necessary interventional studies have been performed before 
medical thoracoscopy. During thoracoscopy, pleural biopsy was taken from suspected lesions and was sent for 
histopathological examinations (in formalin) and CBNAAT / M Tb culture (in normal saline). We calculated the incidence 
of tuberculosis in low ADA pleural effusion and assessed the association of different thoracoscopic diagnosis with ADA 
with proper statistical analysis. 

2.4. Procedure: Thoracoscopy 

Thoracoscopy was conducted under conscious sedation with intravenous midazolam (0.5mg/kg body weight) and 
analgesia (IV Fentanyl 100–200 mcg). The thoracoscope used was the rigid thoracoscope of OptymetCE0197. Informed 
consent and USG assessment was done before the procedure. 

For rigid thoracoscopy in patients with small pleural effusion, one liter of normal saline was injected into pleural cavity 
just prior to the procedure. This allowed lung to collapse and reduced the chances of lung being injured while 
introduction of trocar. Patients was positioned in lateral decubitus with diseased side up. A 1.5cm to 2cm long skin 
incision along the line of intercostal space was given in 5th intercostal space in anterior-axillary line. Thoracoscope was 
maneuvered to see visceral, costal, diaphragmatic surface as well as the costophrenic recess. After selecting suitable site 
on parietal pleura for biopsy, biopsy forceps were introduced through working channel of the thoracoscope. Pleura was 
grasped under vision and biopsy was taken with a shearing movement of the thoracoscope.  

Multiple pleural biopsies (about 10 to 12 biopsy samples) were taken. The samples were collected in formalin (for 
histopathological examination plus immunohistochemistry) and in saline (for CBNAAT and Mycobacterial cultures). 

After the procedure a chest radiograph was obtained and intercostal tube was removed following the procedure usually 
within 3–10 days depending on lung expansion. 

2.5. Outcome parameters 

Patients were grouped into malignant pleural effusion (MPE), tuberculous pleural effusion (TBPE), Non-specific 
inflammation (NSI) and Inconclusive according to the diagnosis. The thoracoscopic findings and complications of the 
four groups were compared. Finally, we analyzed the significant predictive factors for diagnosis between the MPE and 
TBPE groups. 

2.6. Statistical analysis  

All the data were collected, tabulated, and analyzed using the statistical package for the social sciences (SPSS version 
25). The results were presented as mean ± SD or percentage. Differences in categorical data were compared using the 
chi-square test of the Fisher exact test for two variables and for more than two variables ANOVA. A p value of < 0.05 
was considered statistically significant. ROC curve was used for calculating cut off value of ADA, for predicting 
Tuberculosis. 

3. Results 

A total of 106 patients were enrolled in the study. Out of 106, 56 (52.8%) were male and 50 (47.1%) were female. So, 
the proportion of male and female patients was comparable. The mean age of the study population was 54.6 years. 

The most common symptom observed in the study group was a cough, which was seen in 74.5% of patients, followed 
by chest pain in 38.5% and breathlessness in 36.5% cases. 

In our study 58.5 were smokers and 41.5 were non-smokers.  

Table 1 Distribution of study participants based on demographic characteristics n=106   

Variable Category Frequency Percent 

Age (in completed years) $ 54.6 (14.4) 

Sex Female 50 47.1 

  Male 56 52.8 
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Smoker  No 44 41.5 

 Yes 62 58.5 

Symptoms& Cough  79 74.5 

  Chest pain 44 42.3 

  Fever 8 7.7 

  Shortness of breath 38 36.5 

  Haemoptysis 3 2.8 

Total 106 100.0 
$ Mean (SD); & total numbers may be more than 104 because of more than one symptom in a single patient; Diagnostic yield 

A final diagnosis is made in 96patients (n= 106) who underwent MT, thus providing a diagnostic yield of 90.5%. Pleural 
TB contributed to 35.8% (38 out of 106) of undiagnosed exudative effusions, 45.2% of effusions (48 out of 106) were 
due to malignant disease involving the pleura. Non-specific inflammation and inconclusive were observed in 11.3% and 
7.5% patients respectively (Table-2) 

Table 2 Diagnostic yield of thoracoscopic biopsy (n=106) 

Thoracoscopic Diagnosis  Categories  Total Percentage  

Malignancy (45.2%) Adenocarcinoma lung 35 33.0 

Squamous cell carcinoma lung 6 5.8 

Pleural Mets (other than lung) 3 2.8 

Mesothelioma  1 1.0 

Malignancy (not specified) 3 2.9 

Tuberculosis (35.8%) 38 35.8 

Nonspecific inflammation 12 11.3 

Inconclusive  8 7.5 

Total 106 100.0 

 

Most patients in the study population had moderate pleural effusion (69.4%) in total and irrespective of the diagnosis. 
Massive pleural effusions were seen in 47.7% of patients with malignancy.  

Malignant pleural effusion consisted of 47.7% massive, 54.3% moderate effusion where tuberculous pleural effusion 
consisted of 85%moderate, 10% mild and only 5% of massive effusion (p<0.000). 

It is a well-known fact that malignancy and tuberculosis are characteristically present with haemorrhagic (59.3%) and 
straw-coloured (90.5%) effusion respectively, which was also seen in our study. 

Pleural fluid LDH level is high in malignancy compared to tubercular pleural effusion.  

In routine pleural fluid biochemical evaluation, all parameters were comparable between the two groups, except for 
ADA levels, which were significantly higher in the tuberculosis group (mean = 33.9) than in the malignancy group (mean 
17.6). (Table-3) 
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Table 3 Compare between mean serum LDH, pleural fluid LDH and ADA of patients based on the thoracoscopic 
diagnosis (n=106)  

Variables Total 

Mean (SD) 

Tuberculosis 

Mean (SD) 

Malignancy 

Mean (SD) 

NSI 

Mean (SD) 

Inconclusive 

Mean (SD) 

p value 

Serum LDH 483.7 (236.2) 351.1 (124.9) 485.7 (305.5) 381.1 (136) 296.5 (98.3) 0.005* 

Pleural fluid LDH  724.4 (398.9) 465.4 (290.3) 670.9 (475.4) 354.3 (233.8) 462.6 (163.7) 0.003* 

ADA  25.3 (9.4) 33.9 (5.4) 19.6 (7.0) 23.7 (9.4) 29.3 (11.9) 0.001* 

*Statistically significant, SD-standard deviation 

The most common gross thoracoscopic findings in patients of tuberculosis was pleural nodules (91.5%) followed by 
sago grain (35.5%) and adhesions (27.5%). Whereas in malignancy, it was nodules (80.7%) followed by pleural plaques 
(44.3%) and adhesions (22.6%). Post hoc analysis shows no significant difference between malignancy and tuberculosis 
(p=0.001). Among patients diagnosed as tuberculosis Mycobacterium Tuberculosis was detected on CBNAAT in 18%, 
while CBNAAT was negative in 82% cases. 

Prediction of TB using ADA values  

3 

Figure 1 ROC curve showing the predictive value of pleural fluid ADA for tuberculosis (n=104) 

Table: 4 AUC of ROC curve 

Area under the curve P value Asymptotic 95% Confidence Interval 

Lower Bound Upper Bound 

0.897 0.000* 0.872 0.931 

 
AUC of 0.897 signifies a good model. Using a cut off 28.5 for pleural fluid ADA, the sensitivity and specificity was 88.5% 
and 76 .7% respectively. 

3.1. Complications 

Complications were seen in 24 (22.6%) cases. 5 patients (7.6%) had persistent air leak. Major post-procedure bleeding 
requiring PRBC transfusion were seen in 2 patients. No mortality was seen in our study. Minor complications like chest 
pain, fever, sub cut emphysema were seen in 14(15.3%), 3(1.9%) and 6 (3.8%) patients respectively. 
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4. Discussions 

In our study, a total of 106 patients were enrolled as per our inclusion and exclusion criteria.  

The mean age of patients was 54.6 years. In this study, the mean age of patients of malignancy was higher (57.7 years) 
than that of tuberculosis patients (51.9 years) (P< 0.646). The most common symptoms observed were dry cough 
followed by chest pain and shortness of breath that is also seen in other studies [11]. 

4.1. Diagnostic yield 

In our study, a final diagnosis was made in 96 patients (n= 106) who underwent MT, thus providing a diagnostic yield 
of 90.5%. Pleural TB contributed to 35.8% (38 out of 106) of undiagnosed exudative effusions, 45.2 % of effusions (48 
out of 106) were due to malignant disease involving the pleura. Non-specific inflammation and inconclusive were 
observed in 11.3% and 7.5% patients respectively. These findings are like other published studies. We have compared 
our studies with different published literatures [Table 4]. In various studies, the diagnostic yield of thoracoscopy varied 
from 74.3 to 99.2% [12,13,14]. 

Table 4 Comparison of results of our study with similar studies 

Variables Our study 

2024 

 Sobh E et al. 2020 
[13] 

Tousheed SZ et al. 2022 
[22] 

Kumar H et al. 2023 
[16] 

Sample size (n) 106 542 373 160 

Male% 52.8 58.3 65.9 55.6 

Female% 47.1 41.7 34.1 44.4 

Mean Age(yrs) 54.6 57 51.9 57.3 

Diagnosis achieved 96 476 370 158 

Diagnostic yield 
(%) 

90.5 87.8 99.2 98.7 

Malignancy 

TB 

NSI 

other 

45.2 

35.8 

11.3 

--- 

60.7 

20.7 

6.5 

--- 

32.2 

33.5 

11.2 

22.3 

75 

16.9 

6.3 

0.6 

In contrast to the studies mentioned above, there was a low prevalence of malignancy in our study. A probable 
explanation for this could be the rising incidence of tuberculosis in low ADA (<40IU/L) and we exclude known case of 
malignancy and imaging showing lesions suggestive of malignancy.  

Adenosine deaminase (ADA) is the enzyme that catalyses the conversion of adenosine to inosine. ADA is a predominant 
T-lymphocyte enzyme. It has been extensively studied as a biochemical marker in pleural fluid for tubercular pleuritis. 
Despite its widespread use, there is no definitive cut-of value of ADA for the diagnosis of tuberculosis. In general, a 
positive test improves post-test probability of tuberculous effusion to a much lower extent in high prevalence than in 
low prevalence settings, and a negative test performs much better at excluding TPE in low prevalence settings. In our 
study, there is a significant difference in pleural fluid ADA levels with mean ADA levels in malignant and tubercular 
pleural effusion were 17.6 and 30.9 IU/L respectively (p<0.000). A study conducted by Hemant Kumar et al. [16] 
reported significant difference in pleural fluid ADA levels with mean ADA levels in malignant and tubercular pleural 
effusion were 19.2 and 37.28 IU/L respectively. Maturu VN et al. [17] compared 104 malignant and 76 patients with 
tubercular pleural effusions and found out mean ADA level in malignant and tubercular pleural effusion is 26 and 
47 IU/L respectively. Mehta AA et al. [18] studied 171 exudative pleural effusions and found the median ADA value as 
45.3 and 18 in tubercular and malignant pleural effusion respectively. All the studies showed higher values of ADA in 
tubercular pleural effusion. The most widely accepted cut-of level of ADA for the diagnosis of tubercular pleural effusion 
is 40 IU/l [19]. In general, ADA levels higher than 70 IU/L are highly suggestive of TBE, whereas levels less than 40 IU/L 
are more helpful in excluding disease. 
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In our study, 35.8% of patients had tuberculosis in the low ADA group (ADA<40 IU/L). (Table 2). In our study, ADA cut 
off 28.5 will give a sensitivity of 88.5% and a specificity of 76.7% specificity for the diagnosis of tuberculosis (AUC 0.897) 
(fig. 1). 

ADA values need to be coupled with clinical judgment, imaging findings, and other ancillary tests to make a non-invasive 
diagnosis of tuberculous pleural effusion. 

Table 5 ADA level in different studies for tuberculous pleural effusion 

Study ADA Level(mean) Sensitivity Specificity 

Our study 28.5 88.5 76.7 

Verma et al. [20] 36 89 78 

Niwa et al. [21] 38 91 85 

Rodriquizet al. [7]  37 93 80 

4.2. Complications 

The chest drains usually removed when less than 50 ml pleural fluid drain out in last 24 hrs with complete radiological 
expansion and no air leak. It takes 3-4 days in case of tubercular pleural effusion and in malignant effusion average6-12 
days [22]. In our study mean duration for removal of ICT in tuberculosis was 3.2 days and in malignancy it was 9.8 days 
(p<0.000). Medical thoracoscopy is a safe procedure without significant morbidity or mortality. Complications of 
thoracoscopy are usually procedure-related like post procedure pain, minor bleeding (not requiring blood transfusion), 
fever, sub cutaneous emphysema. Major complications like persistent air leak beyond 3 days was more common in 
malignancy. Complications in our study were comparable with other studies [22, 23, 24]. 

Limitations of the study 

Our study has several limitations.  

 single centric study. 
 Number of patients were small. 
 The spectrum of pleural diseases that has been seen in our study limited to pleural malignancy and pleural TB. 

5. Conclusions 

Medical thoracoscopy was able to diagnose 90.5% cases  in undiagnosed exudative pleural effusion. It is relatively safe 
and simple procedure without significant morbidity. Thoracoscopy should be done as soon as possible in low ADA value 
whenever it is available. As incidence of tuberculosis is high in our country even in low ADA(<40IU/L). Pleural fluid ADA 
levels >28.5IU/L is statistically significant in differentiating between TB and malignant effusion (p<0.0001).  
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