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Abstract: Objective: To evaluate the diagnostic accuracy of flexible thoracoscopy in distinguishing between tubercu-
lous pleural effusion (TPE) and malignant pleural effusion (MPE), and to provide clinicians with a reliable method for 
accurate diagnosis and a basis for appropriate treatment. Methods: This retrospective study was conducted at the 
Second People’s Hospital of Gansu Province from April 2021 to June 2023. A total of 161 patients with confirmed 
pleural effusion were included. All patients underwent flexible thoracoscopy using the Olympus LTF-240 electronic 
thoracoscope. Histopathologic findings were used as the diagnostic gold standard. Results: Under flexible thoracos-
copy, pleural features of TPE commonly included hyperemia, edema, fibrous adhesions, and miliary nodules. In con-
trast, MPE was characterized by multiple nodules, masses, leukoplakia-like changes, and pleural thickening. The 
areas under the curve for diagnosing TPE and MPE using flexible thoracoscopy were 0.895 and 0.883, respectively. 
Diagnostic performance was superior in patients with bloody pleural effusion compared to those without. There was 
no significant difference in the overall complication rates between the TPE and MPE groups (P>0.05). Additionally, 
in TPE patients, lactate dehydrogenase, adenosine deaminase, and tumor markers were not significantly correlated 
(both P>0.05), whereas in MPE patients, a negative correlation was observed (P<0.05). Conclusion: Flexible tho-
racoscopy demonstrated high diagnostic accuracy in differentiating TPE from MPE and was associated with good 
safety and patient tolerance, making it a valuable diagnostic tool in clinical practice.
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Introduction

Pleural effusion (PE), the accumulation of fluid 
in the pleural cavity, is a common clinical con- 
dition with diverse etiologies, accounting for 
approximately 1.5 million new cases annually. 
Among its various causes, tuberculous pleural 
effusion (TPE) and malignant pleural effusion 
(MPE) are particularly challenging in terms of 
diagnosis and treatment [1].

TPE is an extrapulmonary manifestation of 
tuberculosis, typically resulting from a hyper-
sensitivity reaction to mycobacterial antigens 
in the pleural space [2]. In regions with a high 
tuberculosis burden, TPE remains a predomi-
nant cause of PE. According to the World Heal- 
th Organization, 6.3 million new tuberculosis 
cases were reported in 2017, with pleural 

involvement occurring in approximately 16% of 
these cases [3]. Early diagnosis and timely 
intervention are crucial to prevent complica-
tions such as pleural thickening, fibrous adhe-
sions, and thoracic deformities, all of which  
can severely impair respiratory function and 
quality of life [4].

MPE, by contrast, is commonly associated with 
advanced-stage malignancies such as lung 
cancer, breast cancer, and lymphoma [5]. With 
the global rise in cancer incidence, the preva-
lence of MPE has also increased [6]. MPE is 
often indicative of poor prognosis and a shorter 
survival time. Moreover, it frequently causes 
severe symptoms such as dyspnea and chest 
pain, leading to substantial physical and psy-
chological burden on patients, families, and 
healthcare systems [7].

http://www.ajtr.org
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Traditional diagnostic approaches - including 
pleural fluid cytology and biochemical assays - 
provide limited sensitivity and are often inade-
quate for distinguishing between TPE and MPE 
in complex cases [8]. Imaging modalities such 
as chest CT scans also lack sufficient specifici-
ty for differential diagnosis. In this context, flex-
ible thoracoscopy has emerged as a valuable 
diagnostic tool. This minimally invasive pro- 
cedure allows direct visualization of pleural 
lesions, facilitates targeted biopsies, and sub-
stantially improves diagnostic yield [9].

Given the clinical importance of accurately dif-
ferentiating TPE from MPE and the potential 
advantages of flexible thoracoscopy, this study 
aimed to assess the diagnostic performance of 
this technique in distinguishing between the 
two conditions.

Materials and methods

Case selection

We retrospectively reviewed patient records 
from the Second People’s Hospital of Gansu 
Province between April 2021 and June 2023, 
identifying a total of 161 patients with PE.

Inclusion criteria: (1) Clear evidence of PE on 
chest ultrasound or computed tomography 
(CT); (2) Age over 18 years; (3) No prior anti-
tuberculosis or anti-cancer treatment; (4) A 
definitive diagnosis confirmed by pathology or 
cytology; (5) Availability of complete medical 
records.

Exclusion criteria: (1) History of other pleural 
diseases; (2) Recent pleural interventions (e.g., 
thoracentesis, surgery); (3) Contraindications 
to thoracoscopy; (4) Presence of systemic dis-
eases mimicking TPE or MPE (e.g., systemic 
lupus erythematosus, rheumatoid arthritis with 
pleural involvement); (5) Diagnosis of another 
solid malignancy within the past three years 
with potential pleural metastasis; (6) Pre- 
gnancy or lactation.

Intervention methods

The diagnoses of TPE and MPE were based  
on the following criteria: TPE: Diagnosis met 
Light’s criteria for exudative pleural effusion 
[10], with exclusion of malignancy. Mycoba- 
cterium tuberculosis was identified in sputum 
or pleural fluid smears. MPE: Also met Light’s 

criteria for exudative effusion. Diagnosis was 
confirmed by pleural biopsy or exfoliative cytol-
ogy of pleural fluid, along with immunohisto-
chemical analysis. For diagnoses based on 
exfoliative cytology, the presence of malignant 
cells was confirmed in multiple effusion sam-
ples, with tuberculosis definitively excluded.

Flexible thoracoscopy was performed using the 
Olympus LTF-240 flexible electronic thoraco-
scope and its matched trocar under local an- 
esthesia with sedation or general anesthesia. 
Patients were placed in a lateral decubitus 
position with the affected side upward. After a 
small incision and insertion of the puncture 
cannula, the thoracoscope was introduced for 
direct visualization. Following fluid drainage, 
the pleural surface was inspected for abnor-
malities such as granulomas, nodules, and 
thickening, and targeted biopsies were ob- 
tained.

In TPE cases, thoracoscopic findings typically 
included granulomatous lesions, hyperemia, 
and fibrinous exudates. Histologic analysis 
often revealed caseating granulomas and My- 
cobacterium tuberculosis. In MPE cases, irreg-
ular pleural thickening, nodules, or masses 
were observed, with biopsy confirming malig-
nancy. Final histopathologic diagnosis served 
as the gold standard for evaluating the dia- 
gnostic performance of flexible thoracoscopy.

Data collection

Data were extracted from the hospital’s elec-
tronic medical records. For 161 patients with 
confirmed PE, baseline demographic informa-
tion, pleural effusion characteristics, serum 
biomarker levels, and hematologic values were 
collected.

Specific data included: Serum biomarkers: lac-
tate dehydrogenase (LDH), adenosine deami-
nase (ADA), carcinoembryonic antigen (CEA), 
cytokeratin fragment 21-1 (CYFRA21-1), aspar-
tate aminotransferase (AST), and alanine ami-
notransferase (ALT). Effusion characteristics: 
volume, appearance, and other macroscopic 
features.

Primary and secondary outcomes

Primary outcome: Diagnostic accuracy of fle- 
xible thoracoscopy in distinguishing TPE from 
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MPE, determined by comparison with histologic 
diagnosis.

Secondary outcomes: (1) Correlation between 
LDH, ADA, and tumor markers and the type of 
PE (TPE vs. MPE); (2) Diagnostic sensitivity, 
specificity, and area under the ROC curve (AUC).

Statistical analysis

Statistical analyses were conducted using R 
software (version 4.2.0) and SPSS version 
23.0. Continuous variables expressed as mean 
± SD were compared using the t-test; cate- 
gorical variables were expressed as frequen-
cies (percentages) and analyzed using the chi-
square test. Venn diagrams were used to illus-
trate the overlap in positive diagnostic results 
across different methods. Receiver operating 
characteristic (ROC) curves were constructed 
to evaluate diagnostic performance, and AUC 
values and optimal cut-offs were calculated. 
Pearson correlation analysis was used to as- 
sess the relationships between LDH, ADA, and 
tumor markers in patients with different types 
of PE. A two-sided P-value of <0.05 was consid-
ered significant.

Results

Comparison of baseline characteristics

Among the 161 patients, histologic diagnosis 
confirmed 70 cases of TPE 85 cases of MPE, 4 
cases of empyema, and 2 cases of parapneu-
monic effusion. The baseline characteristics of 
TPE and MPE patients are summarized in Table 
1. No significant differences were observed 
between the groups in age, sex, total protein 
level, smoking history, location of effusion, or 
length of hospital stay (all P>0.05). However, 
significant differences were found in levels of 
LDH, ADA, effusion color, CEA, CYFRA21-1, AST, 
or ALT.

Comparison of thoracoscopic findings

Under flexible thoracoscopy, the pleura of TPE 
patients typically exhibited hyperemia, edema, 
fibrous adhesions, miliary nodules, and carbon 
deposition. In contrast, MPE patients frequent-
ly presented with multiple pleural nodules of 
varying sizes and irregular shapes, often cauli-
flower-like or papillary in appearance. Other 
features included pleural surface roughness, 

Table 1. Comparison of baseline data
TPE (n=70) MPE (n=85) χ2/t P

Age, years 65.76±4.53 66.19±4.80 0.569 0.570
Gender, male 39 50 0.152 0.697
LDH, U/L 226.74±70.51 174.84±52.97 5.228 <0.001
ADA, U/L 47.47±8.80 19.59±5.76 23.696 <0.001
Albumin, g/l 37.52±3.79 36.67±3.13 1.529 0.128
Smoking history 23 31 0.221 0.638
Location of pleural effusion, left side 29 44 1.646 0.200
Color of pleural effusion, bloody pleural effusion 18 50 17.089 <0.001
Length of hospital stay, days 15.38±2.21 15.94±2.27 1.547 0.124
CEA, ng/ml 1.66±0.12 11.22±1.23 64.738 <0.001
CYFRA21-1, ng/ml 1.24±0.45 5.71±1.29 27.627 <0.001
AST, U/L 18.07±3.74 20.19±4.20 3.284 0.001
ALT, U/L 16.18±4.16 18.72±3.63 4.058 <0.001
Type of TPE
Pulmonary tuberculosis 35
Tuberculous pleural effusion 41
Type of MPE
Non small cell lung cancer 73
Small cell lung cancer 12
Note: TPE, tuberculous pleural effusion; MPE, malignant pleural effusion; LDH, lactate dehydrogenase; ADA, adenosine deami-
nase; CEA, carcinoembryonic antigen; CYFRA21-1, cytokeratin fragment 21-1; AST, aspartate aminotransferase; ALT, alanine 
aminotransferase.
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hyperplasia, thickening, and leukoplakia-like 
changes.

Statistical analysis revealed that hyperemia, 
edema, fibrous adhesion, and miliary nodules 
were significantly more common in TPE, where-
as multiple nodules or masses, leukoplakia-like 
changes, and pleural thickening were more 
prevalent in MPE (Table 2). Representative 
pathological images are shown in Figure 1.

sensitivity of 90.00%, and overall diagnostic 
accuracy of 89.44%, with an AUC of 0.895.  
For MPE, specificity was 89.47%, sensitivity 
87.06%, accuracy 88.20%, and AUC 0.883 
(Figure 3).

Comparison of complication rates

Complications reported in both groups includ-
ed chest pain, bleeding, fever, incision infec-

Table 2. Comparison of thoracoscopic findings
Congestion and 

edema 
Fibrous  

adhesion
Pleural  

thickening
Leukoplakia-like 

changes
Miliary 

nodules
Multiple nodules and 

masses
TPE (n=70) 62 59 29 3 37 13
MPE (n=85) 46 21 64 28 3 48
χ2 21.568 54.563 18.344 19.701 48.784 23.102
P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Note: TPE, tuberculous pleural effusion; MPE, malignant pleural effusion.

Figure 1. Pathologic images under thoracoscopy. A. TPE: Congestion and edema. B. TPE: Fibrous adhesion. C. TPE: 
Fibrous adhesion. D. TPE: Nodular lesions. E. TPE: Fibrous adhesion. F. MPE: Congestion and edema. G. MPE: Con-
gestion and edema. H. MPE: Fibrous adhesion. I. MPE: Leukoplakia-like changes. J. MPE: Multiple nodules. Note: 
TPE, tuberculous pleural effusion; MPE, malignant pleural effusion.

Table 3. Comparison of diagnostic results between thoracos-
copy and histopathology

Histopathological diagnosis Total
TPE Positive Negative
Thoracoscopic diagnosis Positive 63 10 73

Negative 7 81 88
Total 70 91
MPE Positive Negative
Thoracoscopic diagnosis Positive 74 8 82

Negative 11 68 79
Total 85 76
Note: TPE, tuberculous pleural effusion; MPE, malignant pleural effusion.

Comparison of diagnostic results 
between thoracoscopy and histo-
pathology

Flexible thoracoscopy yielded 78 
diagnoses of TPE and 83 of MPE. 
The comparison between thora-
coscopic and histologic diagno-
ses is presented in Table 3 and 
Figure 2.

Diagnostic performance of flex-
ible thoracoscopy

For TPE, flexible thoracoscopy 
achieved a specificity of 89.01%, 



Flexible thoracoscopy for differentiating TPE and MPE

5288	 Am J Transl Res 2025;17(7):5284-5292

tion, and subcutaneous emphysema. The com-
plication rate was 24.29% (17/70) in the TPE 
group and 25.88% (22/85) in the MPE group, 
with no statistically significant difference (P> 
0.05) (Table 4).

Biomarker correlations in TPE and MPE

Pearson correlation analysis was used to eva- 
luate relationships between LDH, ADA, and tu- 
mor markers (CEA, CYFRA21-1). No significant 
correlations were found in TPE patients (all 
P>0.05). However, in MPE patients, LDH and 
ADA levels were negatively correlated with both 
CEA and CYFRA21-1 (all P<0.05) (Figure 4).

Diagnostic results based on pleural effusion 
appearance

Among patients with hemorrhagic pleural effu-
sion, flexible thoracoscopy diagnosed 25 cases 
of TPE and 48 cases of MPE. In the non-hemor-
rhagic group, 48 cases of TPE and 34 cases of 
MPE were diagnosed. Diagnostic comparisons 
against histopathology are shown in Table 5 
and Figure 5.

This study underscores the critical role of flexi-
ble thoracoscopy in improving diagnostic accu-
racy for these two common etiologies.

Our findings demonstrate that flexible thora-
coscopy exhibits high diagnostic performance, 
with AUC values of 0.895 for TPE and 0.883  
for MPE. These results confirm the reliability of 
this modality in differentiating pleural effusion 
etiologies. Compared to conventional diagnos-
tic tools - including pleural fluid cytology, bio-
chemical analysis, and imaging - flexible thora-
coscopy offers direct visualization of pleural 
lesions and enables targeted biopsies, there- 
by significantly enhancing diagnostic yield [11, 
12]. This technique is particularly valuable in 
complex or ambiguous cases, where traditional 
methods often fall short [13, 14].

The thoracoscopic features observed in TPE 
(e.g., pleural hyperemia, fibrous adhesions, mil-
iary nodules) and MPE (e.g., irregular masses, 
leukoplakia-like changes, pleural thickening) 
reflect their underlying pathophysiology. In  
TPE, granulomatous inflammation driven by 

Figure 2. Agreement between thoracoscopic and histopathological 
diagnoses in patients with TPE and MPE. A. Venn diagram comparing 
thoracoscopic and histopathological diagnoses of TPE. B. Venn diagram 
comparing thoracoscopic and histopathological diagnoses of MPE. Note: 
TPE, tuberculous pleural effusion; MPE, malignant pleural effusion.

Figure 3. ROC curves of flexible thoracoscope for the diagnosis of TPE 
and MPE. A. The ROC curve of flexible thoracoscopy in the diagnosis of 
TPE. B. The ROC curve of flexible thoracoscopy in the diagnosis of MPE. 
Note: TPE, tuberculous pleural effusion; MPE, malignant pleural effusion.

Comparison of diagnostic effi-
cacy by effusion appearance

In hemorrhagic pleural effusion, 
the specificity, sensitivity, and 
accuracy of thoracoscopy for  
TPE were 82.00%, 88.89%, and 
83.82%, respectively, with an 
AUC of 0.854. For MPE, the spe- 
cificity was 80.00%, sensitivity 
91.67%, accuracy 83.82%, and 
AUC 0.858.

In non-hemorrhagic effusions, 
the specificity, sensitivity, and 
accuracy for TPE were 83.33%, 
80.39%, and 81.72%, with an 
AUC of 0.802; for MPE, the values 
were 83.61%, 75.00%, 80.65%, 
and AUC 0.793. Thoracoscopy 
demonstrated better diagnostic 
performance in hemorrhagic ef- 
fusions compared to non-hemor-
rhagic ones (Figure 6).

Discussion

Pleural effusion (PE) remains a 
diagnostic challenge in clinical 
practice, particularly for distin-
guishing between TPE and MPE. 
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Mycobacterium tuberculosis leads to caseous 
necrosis and diffuse pleural inflammation [15]. 
In contrast, MPE is characterized by malignant 
cell invasion, desmoplastic responses, and 
vascular proliferation, accounting for its heter-
ogenous and nodular thoracoscopic presenta-
tion [16]. The combination of visual pattern rec-
ognition and biopsy collection confers a syner-
gistic diagnostic advantage over biomarker 
analysis alone.

On the biochemical front, markers such as 
LDH, ADA, CEA, and CYFRA21-1 differ substan-
tially between TPE and MPE. Elevated ADA is 
commonly associated with TPE, while elevated 
CEA and CYFRA21-1 are typical in MPE. Prior 

studies, including that by Fei et al. [17], have 
reported the utility of LDH and ADA in diag- 
nosing TPE. Our Pearson correlation analysis 
revealed that in TPE, there were no significant 
associations between LDH/ADA and tumor 
markers. However, in MPE, LDH and ADA levels 
showed a negative correlation with both CEA 
and CYFRA21-1. This suggests that in malig-
nant effusions, tumor marker levels may reflect 
tumor metabolic activity and its effect on the 
pleural microenvironment.

The contrasting patterns likely reflect distinct 
pathophysiologic mechanisms. In TPE, elevat-
ed LDH and ADA are byproducts of immune-
mediated tissue destruction, not directly influ-

Table 4. Comparison of complications
Chest pain Bleeding Fever Incision infection Subcutaneous emphysema Total complications

TPE (n=70) 3 2 3 2 7 17
MPE (n=85) 2 2 5 3 10 22
χ2 0.052
P 0.820
Note: TPE, tuberculous pleural effusion; MPE, malignant pleural effusion.

Figure 4. Biomarker correlations in TPE and MPE. A. There is no correlation between LDH and CEA in patients with 
TPE (r=-0.244, P=0.042). B. There is no correlation between LDH and CYFRA21-1 in patients with TPE (r=-0.048, 
P=0.695). C. There is no correlation between ADA and CEA in patients with TPE (r=-0.092, P=0.450). D. There is no 
correlation between ADA and CYFRA21-1 in patients with TPE (r=-0.085, P=0.484). E. There is a negative correla-
tion between LDH and CEA in patients with MPE (r=-0.544, P<0.001). F. There is a negative correlation between 
LDH and CYFRA21-1 in patients with MPE (r=-0.449, P<0.001). G. There is a negative correlation between ADA and 
CEA in patients with MPE (r=-0.587, P<0.001). H. There is a negative correlation between ADA and CYFRA21-1 in 
patients with MPE (r=-0.523, P<0.001). Note: TPE, tuberculous pleural effusion; MPE, malignant pleural effusion; 
LDH, lactate dehydrogenase; ADA, adenosine deaminase; CEA, carcinoembryonic antigen; CYFRA21-1, cytokeratin 
fragment 21-1; AST, aspartate aminotransferase; ALT, alanine aminotransferase.
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enced by tumor markers [18]. In MPE, tumor 
cells may alter local metabolism - through ra- 
pid proliferation, angiogenesis, and high oxy-
gen consumption - leading to reduced extracel-
lular enzyme release and an inverse relation-
ship with ADA/LDH levels [19, 20].

Importantly, the procedure demonstrated good 
safety. The overall complication rates were  
similar between the TPE (24.29%) and MPE 
(25.88%) groups, and primarily involved minor, 
self-limited events such as chest pain and mild 
fever. No severe complications (e.g., empyema, 

Table 5. Diagnostic results based on pleural effusion appearance
Histopathological diagnosis Total

Hemorrhagic pleural effusion TPE Positive Negative
Thoracoscopic diagnosis Positive 16 9 25

Negative 2 41 43
Total 18 50 68
MPE Positive Negative
Thoracoscopic diagnosis Positive 44 4 48

Negative 4 16 20
Total 48 20 68

Non-hemorrhagic pleural effusion TPE Positive Negative
Thoracoscopic diagnosis Positive 41 7 48

Negative 10 35 45
Total 51 42 93
MPE Positive Negative
Thoracoscopic diagnosis Positive 24 10 34

Negative 8 51 59
Total 32 61 93

Note: TPE, tuberculous pleural effusion; MPE, malignant pleural effusion.

Figure 5. Thoracoscopic and histopathological diagnoses stratified by 
pleural effusion appearance. A. Venn diagrams for hemorrhagic pleural 
effusion: TPE (left), MPE (right). B. Venn diagrams for non-hemorrhagic 
pleural effusion: TPE (left), MPE (right). Note: TPE, tuberculous pleural 
effusion; MPE, malignant pleural effusion.

Our data also show that the diag-
nostic performance of flexible 
thoracoscopy varies by effusion 
appearance. In patients with he- 
morrhagic pleural effusion, AUC 
values for diagnosing both TPE 
and MPE were higher (0.854 
each) than in non-hemorrhagic 
effusions (0.802 and 0.793, res- 
pectively). This may be due to the 
higher prevalence of malignancy 
in bloody effusions, as tumor in- 
vasion of pleural vasculature can 
lead to hemorrhage [21]. The pre- 
sence of blood may enhance visu-
al contrast and lesion detectabili-
ty, facilitating accurate sampling 
[22]. Conversely, non-hemorrhag-
ic effusions often have more di- 
verse etiologies and confounding 
factors, reducing diagnostic pre-
cision [23]. These findings under-
score the importance of integrat-
ing effusion characteristics into 
the diagnostic framework for 
thoracoscopy.
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bronchopleural fistula) were observed [24], 
supporting the feasibility of performing flexible 
thoracoscopy even in resource-limited settings. 
With proper training, it may be safely imple-
mented as an outpatient or day-case procedure 
to expedite diagnosis and reduce hospital 
burden.

This study had several limitations. First, it was  
a single-center retrospective analysis, which 
may have introduced selection bias and limit 
the generalizability of the findings. Future re- 
search should include multicenter, large-sam-
ple prospective studies to validate the clinical 
utility of flexible thoracoscopy in distinguish- 
ing TPE from MPE. Additionally, integration of 
molecular diagnostics or novel biomarkers with 
thoracoscopic findings may further improve 
diagnostic precision. Lastly, the promotion of 
standardized training for thoracoscopy opera-
tors is essential to enhance procedural consis-
tency, minimize complications, and facilitate 
broader clinical adoption.

Conclusion

Flexible thoracoscopy provides excellent diag-
nostic accuracy in differentiating TPE from 
MPE, with favorable safety and patient toler-
ance profiles. It should be considered a front-

[2]	 Shaw JA, Diacon AH and Koegelenberg CFN. 
Tuberculous pleural effusion. Respirology 
2019; 24: 962-971.

[3]	 Antonangelo L, Faria CS and Sales RK. 
Tuberculous pleural effusion: diagnosis & 
management. Expert Rev Respir Med 2019; 
13: 747-759.

[4]	 Li C, Hou L, Pan J, Chen H, Cai X and Liang G. 
Tuberculous pleural effusion prediction using 
ant colony optimizer with grade-based sear- 
ch assisted support vector machine. Front 
Neuroinform 2022; 16: 1078685.

[5]	 Gayen S. Malignant pleural effusion: presenta-
tion, diagnosis, and management. Am J Med 
2022; 135: 1188-1192.

[6]	 Chen X, Lu J, Yao Y, Huang Z, Liu K, Jiang W and 
Li C. Effects of bevacizumab combined with ox-
aliplatin intrathoracic injection on tumor mark-
ers and survival rate in patients with malignant 
pleural effusion of lung cancer. Am J Transl 
Res 2021; 13: 2899-2906.

[7]	 Jany B and Welte T. Pleural effusion in adults-
etiology, diagnosis, and treatment. Dtsch 
Arztebl Int 2019; 116: 377-386.

[8]	 Ferreiro L, Suarez-Antelo J, Alvarez-Dobano JM, 
Toubes ME, Riveiro V and Valdes L. Malignant 
pleural effusion: diagnosis and management. 
Can Respir J 2020; 2020: 2950751.

[9]	 Licht PB and Ladegaard L. Flexible thoracos-
copy may facilitate video-assisted thoraco-
scopic lobectomy. World J Surg 2010; 34: 
1470-1474.

Figure 6. Diagnostic efficacy of the flexible thoracoscope for patients with 
different colors of pleural effusion. A. ROC curve of flexible thoracoscopy 
in the diagnosis of TPE in hemorrhagic pleural effusion. B. ROC curve 
of flexible thoracoscopy in the diagnosis of MPE in hemorrhagic pleural 
effusion. C. ROC curve of flexible thoracoscopy in the diagnosis of TPE in 
non-hemorrhagic pleural effusion. D. ROC curve of flexible thoracoscopy 
in the diagnosis of MPE in non-hemorrhagic pleural effusion. Note: TPE, 
tuberculous pleural effusion; MPE, malignant pleural effusion.

line tool for the evaluation of un- 
diagnosed pleural effusions.

Acknowledgements

This study was supported by Key 
Talent Project in Gansu Province 
(2025RCXM075).

Disclosure of conflict of interest

None.

Address correspondence to: Xiao- 
ping Liu, Department of Respiratory 
and Critical Care Medicine, The Se- 
cond People’s Hospital of Gansu 
Province, No. 1 Hezheng West Street, 
Chengguan District, Lanzhou 7300- 
00, Gansu, China. E-mail: 1366931- 
5965@163.com

References

[1]	 Feller-Kopman D and Light R. 
Pleural disease. N Engl J Med 
2018; 378: 740-751.

mailto:13669315965@163.com
mailto:13669315965@163.com


Flexible thoracoscopy for differentiating TPE and MPE

5292	 Am J Transl Res 2025;17(7):5284-5292

[10]	 Sharma K, Fultariya L, Reddy Mallimala P, 
Shah K and Sharma V. Comparison of the effi-
cacy of light’s criteria with serum-effusion al-
bumin gradient and pleural effusion glucose. 
Cureus 2023; 15: e43319.

[11]	 Satoto B, Budi WS, Khumaeni A, Yueniwati Y 
and Noorhamdani N. Comparative estimation 
of pleural effusion volume based on lateral de-
cubitus position of chest x-ray and CT scan im-
aging. Biomed Phys Eng Express 2022; 8.

[12]	 Soni A, Guliani A, Nehra K and Mehta PK. 
Insight into diagnosis of pleural tuberculosis 
with special focus on nucleic acid amplification 
tests. Expert Rev Respir Med 2022; 16: 887-
906.

[13]	 Wang Z, Tong ZH, Li HJ, Zhao TT, Li XY, Xu LL, 
Luo J, Jin ML, Li RS and Wang C. Semi-rigid tho-
racoscopy for undiagnosed exudative pleural 
effusions: a comparative study. Chin Med J 
(Engl) 2008; 121: 1384-1389.

[14]	 Ali MS, Light RW and Maldonado F. Pleuroscopy 
or video-assisted thoracoscopic surgery for ex-
udative pleural effusion: a comparative over-
view. J Thorac Dis 2019; 11: 3207-3216.

[15]	 Dow CT, Lin NW and Chan ED. Sarcoidosis, my-
cobacterium paratuberculosis and noncaseat-
ing granulomas: who moved my cheese. 
Microorganisms 2023; 11: 829.

[16]	 Yamada A, Taiji R, Nishimoto Y, Itoh T, Marugami 
A, Yamauchi S, Minamiguchi K, Yanagawa M, 
Tomiyama N and Tanaka T. Pictorial review of 
pleural disease: multimodality imaging and dif-
ferential diagnosis. Radiographics 2024; 44: 
e230079.

[17]	 Fei G, Yijun M, Weijiang J, Huimin C and  
Fang L. Biomarkers for distinguishing tubercu-
lous pleural effusion from non-tuberculosis ef-
fusion: a retrospective study. BMC Infect Dis 
2023; 23: 771.

[18]	 Li F, Zhu C, Zhang Y, Kong F, Zhang X, Pan L, Jia 
H, Fu L, Hu Y, Deng G, Yang Q, Chen X and Cai 
Y. Granzyme A as biomarker for diagnosis in 
tuberculous pleural effusion. JCI Insight 2024; 
9: e185307.

[19]	 Verma A, Abisheganaden J and Light RW. 
Identifying malignant pleural effusion by a  
cancer ratio (serum LDH: pleural fluid ADA ra-
tio). Lung 2016; 194: 147-153.

[20]	 Granato G, Gesmundo I, Pedrolli F, Kasarla R, 
Begani L, Banfi D, Bruno S, Lopatina T, Brizzi 
MF, Cai R, Sha W, Ghigo E, Schally AV and 
Granata R. Growth hormone-releasing hor-
mone antagonist MIA-602 inhibits inflamma-
tion induced by SARS-CoV-2 spike protein  
and bacterial lipopolysaccharide synergism in 
macrophages and human peripheral blood 
mononuclear cells. Front Immunol 2023; 14: 
1231363.

[21]	 Wang J, Feng ZX, Ren T, Meng WY, Khan I, Fan 
XX, Pan HD, Liu L, Tang YJ, Yao XJ, Li RZ, Wang 
MF and Leung EL. Novel clinical biomarkers in 
blood and pleural effusion for diagnosing pa-
tients with tuberculosis distinguishing from 
malignant tumor. Medicine (Baltimore) 2022; 
101: e31027.

[22]	 Sakr L, Maldonado F, Greillier L, Dutau H, 
Loundou A and Astoul P. Thoracoscopic as-
sessment of pleural tumor burden in patients 
with malignant pleural effusion: prognostic 
and therapeutic implications. J Thorac Oncol 
2011; 6: 592-597.

[23]	 Martensson G, Pettersson K and Thiringer G. 
Differentiation between malignant and non-
malignant pleural effusion. Eur J Respir Dis 
1985; 67: 326-334.

[24]	 Martinez-Zayas G, Molina S and Ost DE. 
Sensitivity and complications of thoracentesis 
and thoracoscopy: a meta-analysis. Eur Respir 
Rev 2022; 31: 220053.


