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Abstract
Background  In most cases, patients with pleural effusion require a pleural biopsy to confirm the diagnosis, due 
to the low diagnostic sensitivity of thoracentesis. Among the different biopsy modalities, real time computed 
tomography scan-guided cutting-needle pleural biopsy (CT-CNPB) ensures high sensitivity and accessibility. However, 
there is no study investigating the difference in the diagnostic sensitivity of CT-CNPB for lesions with variable pleural 
thickness in effusions of different types.

Methods  Of the 303 patients who underwent CT-CNPB, 218 met the eligibility criteria and were retrospectively 
analyzed from November 2021 to June 2024. Patients were divided into malignant pleural effusion (MPE), tuberculosis 
pleural effusion (TPE), and non-tuberculous benign pleural effusion (BPE) groups according to the diagnosis with a 
minimum follow-up of 6 months. Pleural thickness was defined as the length of the portion of the puncture needle 
that passes through the thickened parietal pleura or the pleural lesion (nodule/mass). In further analysis, we compare 
the differences in sensitivity between subgroups with different pleural thicknesses in each group.

Results  The overall diagnostic sensitivity is 74.3%. The sensitivity in MPE, TPE, and BPE is 75.7%, 78.6%, and 67.8%, 
respectively. There was a significant difference in sensitivity between the < 5 mm and ≥ 5 mm groups in MPE and BPE 
groups but was not observed in the TPE group. In the further analysis, there was a significant difference in sensitivity 
between < 3 mm and 3–5 mm groups in TPE (p = 0.046) and a significant difference in sensitivity between 3 and 5 mm 
and 5–10 mm groups in MPE (p = 0.017), but a significant difference was not observed in BPE group.

Conclusion  CT-CNPB may serve as a preferred diagnostic approach in suspected TPE with pleural thickening ≥ 3 mm 
and suspected MPE with thickening ≥ 5 mm on chest CT. Where MT is unavailable, CT-CNPB is a viable alternative 
for suspected MPE or TPE patients with pleural thickening, nodularity, or mass lesions observed on CT. However, in 
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Introduction
Pleural effusions are often the presenting feature of pleu-
ral disease, including a wide spectrum of malignant and 
benign conditions [1, 2]. Although pleural fluid examina-
tion and imaging provide essential information, a definite 
diagnosis was only obtained in 18% of the patients after 
initial thoracentesis in the previous study [3]. The final 
characterization of disease relies on histologic findings 
obtained through pleural biopsy, in most cases. However, 
an algorithm based on imaging findings has not yet been 
developed for the invasive diagnosis of pleural diseases 
that suggests which method should be used for which 
patient to improve diagnostic accuracy, safety, and cost 
[4]. Medical thoracoscopy (MT) and real time computed 
tomography scan-guided cutting-needle pleural biopsy 
(CT-CNPB) are the preferred diagnostic modalities, as 
both are characterized by a greater diagnostic sensitivity 
compared with blind pleural biopsy [5, 6]. However, MT 
requires a degree of expertise and is not available in many 
parts of the world [7]. Recent studies have proposed that 
image guidance significantly increases the yield of such 
biopsies and also decreases the risk of complications. 
It’s reported that the diagnostic sensitivity of CT-CNPB 
ranges from 75–87.5% [8, 9, 10, 11].

There have been no studies investigating the diagnostic 
sensitivity of CT-CNPB performed on different pleural 
thicknesses in the diagnosis of the different pleural dis-
eases. Here we retrospectively analyse a large number of 
cases to determine the relationship between the pleural 
thickness of patients with pleural effusion and the diag-
nostic sensitivity of CT-CNPB.

Methods and materials
Study design
This is a retrospective analysis of 309 patients with pleu-
ral effusion who underwent CT-CNPB at West China 
Hospital of Sichuan University from November 2021 to 
June 2024. The study was approved by the Ethics Com-
mittee of West China Hospital, Sichuan University and 
the requirement for informed consent was waived due to 
the study’s retrospective nature.

Exclusion criteria: (1) who reach a diagnosis based on 
clinical, radiological findings, and thoracentesis results; 
(2) who did not have a definite diagnosis as of six months 
after CT-CNPB; (3) who lacked the CT imaging of the 
puncture procedure; (4) who had a transudate pleural 
effusion; (5) who lacked complete clinical or histologic 

data. A total of 218 patients were enrolled in the study, as 
shown in Fig. 1.

Procedure of CT-CNPB
CT-CNPB was performed in the pulmonary intervention 
room. The entry site was identified as the most appro-
priate and accessible position by reviewing the chest CT 
scans on the computer by two experienced pulmonolo-
gists while the patients were in the intervention room. 
The distance between the entry site and the target point 
was measured two dimensionally on CT. The entry site 
for the cutting needle was marked on the patient’s chest 
wall immediately before biopsy. We used a 16 G auto-
mated cutting needle with a specimen notch of 20  mm 
(MC1816, Bard Max. Core, Bard Inc., USA) to perform 
the biopsy with the patient under local anaesthesia with 
2% lidocaine. The tip of the cutting needle was inserted 
through the guide channel into the pleural superstratum. 
Four to six biopsy specimens were obtained from the 
parietal pleura using the distal tip of the needle at differ-
ent angles. If only pleural effusion was detected on the 
CT scan, biopsies were performed at the mid-scapular 
line near the diaphragm.

Pleural thickness (x, mm) was defined as the length of 
the portion of the puncture needle that passes through 
the thickened parietal pleura or the pleural lesion (nod-
ule/mass), which was measured jointly by the two experi-
enced pulmonologists on CT images, as shown in Fig. 2.

Standardized diagnostic criteria for MPE, TPE, and BPE
Malignant pleural effusion (MPE) was diagnosed based 
on: (1) the combination of cytology, biopsies, and imag-
ing studies confirmed malignant tumour with a mini-
mum follow-up of 6 months; (2) pleural effusion cytology 
or pleural biopsy was positive for malignant cells.

Tuberculosis pleural effusion (TPE) was diagnosed 
based on: (1) the culture of spectrum, pleural effusion 
grew Mycobacterium tuberculosis; (2) Mycobacterium 
tuberculosis has been isolated from the granulomatous 
inflammation in pleural biopsy histology; (3) granuloma-
tous inflamed tissue in the pleural biopsy coexisting with 
clinical response to antituberculosis therapy.

Non-tuberculous benign pleural effusion (BPE) was 
diagnosed based on: (1) the combination of cytology, 
biopsies, imaging and clinical data confirmed a diagno-
sis of a benign condition, with a minimum follow-up of 6 
months; (2) the culture of spectrum, pleural effusion did 
not grow Mycobacterium tuberculosis; (3) pleural effusion 

suspected BPE, CT-CNPB alone is often insufficient; integrated clinical, laboratory, and imaging evaluation remains 
essential.
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cytology or pleural biopsy was negative for malignant 
cells or Mycobacterium tuberculosis; (4) the pathological 
manifestations of inflammatory pleuritis, pleural fibro-
sis, plaques, or chronic empyema disappeared after anti-
inflammatory treatment.

Statistical analysis
Parametric data are presented as the median (interquar-
tile range). Comparisons of diagnostic sensitivity across 
different pleural thickness subgroups were performed 
using the Chi-squared test (with Yates correction) or 
Fisher’s exact test, depending on sample size. All statis-
tical analyses were performed with GraphPad Prism 10 
(GraphPad Software, San Diego, CA, USA) and SPSS ver-
sion 25 (SPSS Inc., Chicago, IL, USA). P < 0.05 was con-
sidered statistically significant.

Results
Overall study population
Baseline clinical characteristics are summarized in 
Table  1. Patients’ median age was 59 (47.8–70) years, 
and 50.9% (137/218) of the patients were male. The over-
all diagnostic sensitivity is 74.3% (162/218). Diagnostic 
distribution of pleural disease and respective diagnostic 
sensitivity is given in Table 2. Among these 218 patients, 
47.2% (103/218) patients were diagnosed with MPE, 
25.7% (56/218) patients were diagnosed with TPE, and 
27.1% (59/218) patients were diagnosed with BPE after 
a minimum follow-up of 6 months. Diagnostic sensitiv-
ity in the three groups is 75.7% (78/103), 78.6% (44/56), 
and 67.8% (40/59), respectively. The histopathological 
features of the 162 patients confirmed by results of CT-
CNPB is given in Table S3. In this study, pleural thickness 

Fig. 2  Real time computed tomography scan-guided cutting-needle pleural biopsy imaging, the red arrows indicate the entry sites. A, CT imaging of 
a patient who was subsequently confirmed tuberculosis pleural effusion, with a pleural thickness of 7 mm. B, CT imaging of a patient who was subse-
quently confirmed malignant pleural effusion, with a pleural mass of 10 mm. C, CT imaging of a patient who was subsequently confirmed tuberculosis 
pleural effusion, with a pleural thickness of 2 mm

 

Fig. 1  Flowchart of the study screening and grouping
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was less than 5 mm in 61.7% (71/115) of patients. Based 
on pleural thickness (x), we divided the patients into two 
groups (0 ≤ x < 5 mm, x ≥ 5 mm). The group (0 ≤ x < 5 mm) 
was subdivided into three groups (0, 0 < x < 3  mm and 
3 ≤ x < 5  mm) and the group (x ≥ 5  mm) was subdivided 
into two groups (5 ≤ x < 10 mm and x ≥ 10 mm). The sen-
sitivity for each subgroup is shown in Table 3. The inci-
dence of post-operative complications was 16.1%. The 
complications are summarized in Table S1 and biochemi-
cal and cellular characteristics of serum and pleural effu-
sion analysis is shown in Table S2.

Malignant pleural effusion
The diagnostic sensitivity in MPE is 75.7% (78/103). The 
sensitivity increased with pleural thickness: 59.1% (26/44) 
for 0 ≤ x < 5, including 33.3% (1/3) for 0  mm, 58.8% 
(10/17) for 0 < x < 3, and 62.5% (15/24) for 3 ≤ x < 5. The 
sensitivity further increased to 84.4% (27/32) for 5 ≤ x < 10 
and reached 92.6% (25/27) for x ≥ 10. There was a sig-
nificant difference in sensitivity between the 0 ≤ x < 5 and 
x ≥ 5 groups (p = 0.003). In the further analysis, there was 
no significant difference in sensitivity between 0 ≤ x < 3 
and 3 ≤ x < 5 groups but there was a significant differ-
ence in sensitivity between the 3 ≤ x < 5 and x ≥ 5 groups 
(p = 0.017), which is shown in Fig. 3.

Tuberculosis pleural effusion
The diagnostic sensitivity in TPE is 78.6% (44/56). The 
sensitivity increased with pleural thickness: 70.6% 
(24/34) for 0 ≤ x < 5, including 0 (0/1) for 0  mm, 58.8% 
(10/18) for 0 < x < 3, and 87.5% (14/16) for 3 ≤ x < 5. The 
sensitivity further increased to 91.7% (11/12) for 5 ≤ x < 10 
and reached 90% (9/10) for x ≥ 10. There was no signifi-
cant difference in sensitivity between the 0 ≤ x < 5 and 
x ≥ 5 groups. In the further analysis, there was a signifi-
cant difference in sensitivity between 0 ≤ x < 3 and 3 ≤ x < 5 
groups (p = 0.046) but there was no significant difference 
in sensitivity between the 3 ≤ x < 5 and x ≥ 5 groups, which 
is shown in Fig. 3.

Non-tuberculous benign pleural effusion
The diagnostic sensitivity in BPE is 67.8% (40/59). The 
sensitivity for pleural thickness 0 ≤ x < 5 was 56.8% 
(21/37), including 66.7% (4/6) for 0  mm, 42.9% (6/14) 

Table 1  General clinical characteristics of the study population
Characteristics MPE (n = 103) TPE (n = 56) BPE (n = 59) Overall (N = 218)
Age 65 (55–72) 48.5 (32.8–67) 57 (47.5–69.5) 59 (47.8–70)
Sex (male) 61 (59.2%) 34 (60.7%) 42 (71.2%) 137 (62.8%)
Puncture position (right) 54 (52.4%) 21 (37.5%) 36 (61.0%) 111 (50.9%)
Pleural Pathologies Observed on CT
  Only pleural effusion 3 (3.0%) 1 (1.8%) 6 (10.2%) 10 (4.6%)
  Pleural based nodule or mass 31 (30.1%) 3 (5.4%) 7 (11.9%) 41 (18.8%)
  Pleural thickening 69 (67.0%) 52 (92.9%) 46 (78.0%) 167 (76.6%)

Table 2  Sensitivity of CT-CNPB in diagnosing different pleural 
disease
Diagnosis Sensitivity
MPE 75.7% 

(78/103)
  Malignant pleural effusions caused by Lung cancer 76.3% (61/80)
  Pleural metastasis due to other organ carcinomatosis 70% (7/10)
  Malignant mesothelioma 88.9% (8/9)
  Malignant pleural effusion secondary to Hematologic 
malignancies

50% (2/4)

TPE 78.6% (44/56)
BPE 67.8 (40/59)
  Empyema and parapneumonic effusion 75% (36/48)
  Benign peripheral nerve sheath tumors 75% (3/4)
  Autoimmune-related pleural effusion 0 (0/3)
  Nontuberculous Mycobacteria infection 0 (0/1)
  Chylothorax 0 (0/1)
  Hypereosinophilic syndrome 100% (1/1)
  Yellow nail syndrome 0 (0/1)
Total number of cases 74.3% 

(162/218)

Table 3  Diagnostic sensitivity in different pleural thickness groups
Diagnostic sensitivity MPE (n = 103) TPE (n = 56) BPE (n = 59) Overall (N = 218)
0 ≤ x < 5 59.1% (26/44) 70.6% (24/34) 56.8% (21/37) 61.7% (71/115)
  0 ≤ x < 3 55.0% (11/20) 55.6% (10/18) 50% (10/20) 53.4% (31/58)
    0 33.3% (1/3) 0 (0/1) 66.7% (4/6) 50% (5/10)
    0 < x < 3 58.8% (10/17) 58.8% (10/17) 42.9% (6/14) 54.2% (26/48)
  3 ≤ x < 5 62.5% (15/24) 87.5% (14/16) 64.7% (11/17) 70.2% (40/57)
x ≥ 5 88.1% (52/59) 90.9% (20/22) 86.4% (19/22) 88.3% (91/103)
  5 ≤ x < 10 84.4% (27/32) 91.7% (11/12) 76.9% (10/13) 84.2% (48/57)
  x ≥ 10 92.6% (25/27) 90% (9/10) 100% (9/9) 93.5% (43/46)
Total 75.7% (78/103) 78.6% (44/56) 67.8% (40/59) 74.3% (162/218)
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for 0 < x < 3, and 64.7% (11/17) for 3 ≤ x < 5. For greater 
thickness, the sensitivity was 76.9% (10/13) for 5 ≤ x < 10 
and 100% (9/9) for x ≥ 10. There was a significant differ-
ence in sensitivity between the 0 ≤ x < 5 and x ≥ 5 groups 
(p = 0.006). In the further analysis, there was no signifi-
cant difference in sensitivity between 0 ≤ x < 3 and 3 ≤ x < 5 
groups and between the 3 ≤ x < 5 and x ≥ 5 groups, which 
is shown in Fig. 3.

Discussion
For patients whose diagnosis cannot be confirmed by 
thoracocentesis, further biopsies are essential to obtain 
histopathological evidence [12]. It would be advanta-
geous to suggest the preference of needle biopsy or MT 
according to the patients’ pleural pathologies observed 
on CT scans. In this study, we aimed to investigate 
whether CT-CNPB can achieve comparable sensitivity to 
MT in the diagnosis of specific pleural disease even when 
pleural thickness is not overly significant.

The overall diagnostic sensitivity in our study is 74.3%, 
which is relatively lower than the previous studies. We 
consider this a result of differences in the study popula-
tions, with fewer of our population having a significant 
pleural thickness. It was reported that the sensitivity of 
MT for the diagnosis of exudative pleural effusion was 
91% [13]. However, MT requires a degree of expertise 
and is not available in many parts of the world [14]. Based 
on our results, we consider 5  mm can be the threshold 
for performing CT-CNPB in suspected MPE cases, with 
a sensitivity of at least 84.4%; and 3 mm can be consid-
ered the threshold for performing CT-CNPB in sus-
pected TPE cases, reaching a sensitivity of at least 87.5%. 
Moreover, in cases where MT is not available, whenever 
pleural thickening, nodule or mass is present on chest CT 
of suspected MPE or TPE patients, we can still consider 
CT-CNPB, as the sensitivity reaches a sensitivity of at 
least 58.8% both in MPE and TPE.

The sensitivity of CT-CNPB in BPE does not exactly 
increase incrementally with pleural thickness. We con-
sider that the first reason is the uneven disease distribu-
tion of BPE in the subgroups, and the second reason is 
that in practice, the diagnosis of BPE depends on a com-
bination of clinical information, rather than on a single 
CT-CNPB [15]. For benign pleural thickness less than 
10 mm, the sensitivity of CT-CNPB is only 62%. There-
fore, we suggest that the diagnosis of BPE should be 
based on a combination of clinical, imaging, pathological 
and laboratory tests.

Strengths of our study include a relatively large sample 
size with follow-up for more than 6 months to ensure a 
final diagnosis to validate the sensitivity of CT-CNPB, 
and this is the first study to specifically investigate the 
impact of pleural thickness on the sensitivity of CT-
CNPB in diagnosing different types of exudative pleural 
effusion. Our study has several limitations. First, it is a 
retrospective study with known inherent bias. Second, 
CT scans at our center were performed with a slice thick-
ness of 3 mm, which may not be consistent with proto-
cols used at other institutions. Differences in CT slice 
thickness across centers may affect the generalizability 
of our findings. Third, all clinical parameters were not 
available for every case, which is caused by the retrospec-
tive study design. We are planning a prospective study to 
compare the diagnostic performance of CT-CNPB and 
MT in patients with pleural effusion, across subgroups of 
patients with varying pleural thickness on imaging.

Conclusion
Our study suggests that CT-CNPB may serve as a pre-
ferred diagnostic approach in suspected TPE cases with 
pleural thickening ≥ 3 mm and suspected MPE cases with 
pleural thickening ≥ 5  mm, as identified on CT imag-
ing. In settings where MT is unavailable, CT-CNPB can 
be considered for patients with suspected MPE or TPE, 

Fig. 3  Diagnostic sensitivity of different pleural thickness subgroups in different types of pleural effusion
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provided that pleural thickening, nodularity, or mass 
lesions are observed. However, in patients with suspected 
BPE, CT-CNPB alone appears insufficient for definitive 
diagnosis; comprehensive clinical, laboratory and radio-
logical correlation is essential in such cases.
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