Am J Transl Res 2025;17(7):5284-5292
www.ajtr.org /ISSN:1943-8141/AJTR0164331

Original Article

High diagnostic accuracy of

flexible thoracoscopy for distinguishing
tuberculous from malighant pleural effusions

Jie Zhang, Shuhua Li, Jun Yang, Xiaoping Liu

Department of Respiratory and Critical Care Medicine, The Second People’s Hospital of Gansu Province, No. 1
Hezheng West Street, Chengguan District, Lanzhou 730000, Gansu, China

Received March 4, 2025; Accepted June 11, 2025; Epub July 15, 2025; Published July 30, 2025

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].
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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
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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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Table 1. Comparison of baseline data

TPE (n=70) MPE (n=85) X3/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+70.51 174.844+52.97 5.228 <0.001
ADA, U/L 47.47+8.80 19.59+5.76 23.696  <0.001
Albumin, g/I 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.

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.
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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,
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Table 2. Comparison of thoracoscopic findings

Congestion and Fibrous Pleural  Leukoplakia-like Miliary Multiple nodules and
edema adhesion  thickening changes nodules masses
TPE (n=70) 62 59 3 37 13
MPE (n=85) 46 21 28 3 48
X2 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. |. 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

Comparison of diagnostic results
between thoracoscopy and histo-

Histopathological diagnosis Total

pathology

TPE Positive
Thoracoscopic diagnosis Positive 63
Negative 7
Total 70
MPE Positive
Thoracoscopic diagnosis Positive 74
Negative 11
Total 85

Negative Flexible thoracoscopy yielded 78

73 diagnoses of TPE and 83 of MPE.
88 The comparison between thora-
coscopic and histologic diagno-

Negative ses is presented in Table 3 and

82 Figure 2.

9 Diagnostic performance of flex-

ible thoracoscopy

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

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.
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For TPE, flexible thoracoscopy

achieved a specificity of 89.01%,
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-
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A B
8 68 11 11 74 8
Histopathological Thoracoscopic Histopathological ~ Thoracoscopic
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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.
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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.

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).

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.

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,

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).

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,

Diagnostic results based on pleural effusion
appearance

12]. This technique is particularly valuable in
complex or ambiguous cases, where traditional

methods often fall short [13, 14].

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.
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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
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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
X2 0.052
p 0.820
Note: TPE, tuberculous pleural effusion; MPE, malignant pleural effusion.
A r=-0.244, P =0.042 . B r=-0048,P=0695 ' C r=-0002, P =0450 D r=-0085, P =0484
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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.

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
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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-
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Table 5. Diagnostic results based on pleural effusion appearance

Histopathological diagnosis  Total

Hemorrhagic pleural effusion TPE

Thoracoscopic diagnosis

Total
MPE

Thoracoscopic diagnosis

Total
Non-hemorrhagic pleural effusion TPE

Thoracoscopic diagnosis

Total
MPE

Thoracoscopic diagnosis

Total

Positive Negative
Positive 16 9 25
Negative 2 41 43
18 50 68

Positive Negative
Positive 44 4 48
Negative 4 16 20
48 20 68

Positive Negative
Positive 41 7 48
Negative 10 35 45
51 42 93

Positive Negative
Positive 24 10 34
Negative 8 51 59
32 61 93

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

Histopathological Thoracoscopic
diagnosis of TPE diagnosis of TPE

Histopathological
diagnosis of MPE

B
8
10 41 i
Histopathological Thoracoscopic Histopathological
diagnosis of TPE diagnosis of TPE diagnosis of MPE

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.

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].
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Thoracoscopic
diagnosis of MPE

Thoracoscopic
diagnosis of MPE

Our data also show that the diag-

nostic performance of flexible

thoracoscopy varies by effusion

appearance. In patients with he-
4 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-
10 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.

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