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Abstract
Background  The diagnosis of exudative pleural effusion is challenging. Although ultrasound-guided pleural 
biopsy (UGBx) is common, its effectiveness varies, especially in the absence of pleural abnormalities. New imaging 
techniques have been explored to improve UGBx outcomes, but the results remain inadequate. Recently, needle-
based confocal laser endomicroscopy (nCLE) has been used to improve biopsy targeting and diagnostic yield through 
real-time cellular-level imaging; however, robust evidence is lacking. This trial aims to assess the diagnostic yield and 
safety of nCLE-assisted UGBx for unknown exudative pleural effusions.

Methods  COLLABORATION-II is a multicenter randomized controlled study in China involving 324 participants across 
ten centers. Participants will be divided into two groups based on the ultrasound findings: Group 1 with pleural 
thickening (> 5 mm) and/or pleural nodularity, and Group 2 with thickness ≤ 5 mm and no nodularity. Each group 
will be randomly assigned to either the nCLE-assisted UGBx or UGBx arm at a 1:1 ratio, with a 12-month follow-up. 
The primary outcome is the overall diagnostic yield, while secondary outcomes include the biopsy success rate, 
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Background
A definite diagnosis of exudative pleural effusion remains 
challenging, even after thoracentesis and cytopathologi-
cal examination [1]. Therefore, a pleural biopsy is often 
required to establish the diagnosis [2, 3]. Currently, the 
BTS guidelines recommend that thoracoscopic or image-
guided pleural biopsy may be used depending on the 
clinical indication and local availability of techniques 
[4]. Ultrasound-guided pleural biopsy (UGBx) is widely 
used in clinical practice because of its safety, real-time 
visualization without radiation, no sedation requirement, 
ability to compensate for respiratory motion, cost-effec-
tiveness, accessibility, and minimal need for consumables 
[5]. A recent meta-analysis reported an overall diagnos-
tic yield of 85.58% (95% CI: 81.57–89.58) and a sensitiv-
ity of 77.56% (95% CI: 68.87–86.26) for malignant pleural 
effusions (MPE) using UGBx [6]. However, the diagnos-
tic yield of UGBx is significantly higher in patients with 
pleural thickening or nodularity than in those without 
pleural abnormalities. Conventional ultrasound has a 
limited ability to detect specific pleural lesions [6–8].

To overcome this limitation and improve the diagnos-
tic yield and sampling quality of UGBx, several imaging 
techniques, including ultrasound elastography (UE) and 
contrast-enhanced ultrasound (CEUS), have been used as 
guidance tools for UGBx [9, 10].

For instance, UE-guided biopsy improved MPE sen-
sitivity to 88.7% (vs. 69.5% for conventional UGBx, p < 
0.01) by quantifying pleural stiffness (elasticity index > 
47.25 kPa), particularly in thin pleura (≤ 5 mm) or non-
nodular cases [11]. Similarly, CEUS enhances the diag-
nostic accuracy in tuberculous pleuritis by differentiating 
necrotic from viable tissue, achieving an 88% diagnostic 
yield [12]. Both UE and CEUS are used to enhance the 
recognition of malignant lesions through indirect imag-
ing signs. However, neither increased tissue stiffness nor 
increased blood supply is a specific sign present only in 
malignant diseases, which can cause bias in the false-
positive rate. Thus, conducting a pathological evaluation 
before a biopsy may increase the proportion of specimens 
with specific pathological changes. Several studies have 
proven that rapid on-site evaluation (ROSE) can provide 

an on-site preliminary diagnosis, especially in cases with 
inconclusive macroscopic appearance [13, 14].

Needle-based confocal laser endomicroscopy (nCLE) 
is a real-time cellular-level imaging technique that can 
achieve “optical biopsy” in vivo. Bonhomme et al. dem-
onstrated distinct features between benign and malig-
nant pleural involvement and showed the potential of 
nCLE as a guidance tool for pleural biopsy [15]. In addi-
tion, a prospective study assessed nCLE for guiding 
biopsies in the specific indication of suspected pleural 
mesothelioma and suggested that this technique could 
distinguish mesothelioma from pleural fibrosis with high 
precision [16]. Therefore, we hypothesized that nCLE 
could enhance diagnostic yield by facilitating sampling of 
representative areas identified through nCLE imaging of 
the pleura.

Method and materials
Aim
This multicenter randomized controlled trial aims to 
evaluate the diagnostic yield and safety of confocal laser 
endomicroscopy and ultrasound-guided pleural biopsy in 
diagnosing patients with unknown pleural effusion.

Study design
This is a stratified randomized controlled trial.

Setting
This trial will be conducted at ten sites (anticipated) from 
China. All the participating sites are equipped with nee-
dle-based confocal laser endomicroscopy and the neces-
sary devices for UGBx.

Participant selection
Patients who meet the following inclusion criteria will be 
included in this study:

(1)	Adult patients with exudative pleural effusion of 
unknown origin.

(2)	Patients with negative pleural fluid cytology results.

diagnostic sensitivity for specific diseases, complication in incidence, and specimen characteristics, such as size, 
quality, interpretability, and adequacy for achieving molecular diagnosis.

Discussion  We hypothesize that the nCLE-assisted UGBx will achieve higher diagnostic yield than conventional UGBx 
by providing real-time, cellular-level visualization and targeted sampling of pathological areas. If this hypothesis is 
validated, nCLE-assisted UGBx could emerge as a novel and effective option for diagnosing patients with unknown 
exudative pleural effusion.

Trial registration  This study has been registered at www.clinicaltrials.gov (Registration number: NCT07040241; 
Registration Date: 2025-06-26).

Keywords  Confocal laser endomicroscopy, Image-guided pleural biopsy, Ultrasound, Pleural disease
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(3)	Patients diagnosed with a probable malignant 
pleural effusion but without a definite diagnosis and 
requiring further pathological evaluation.

(4)	Patients who are fully informed of the purpose and 
method of the study, agree to participate in the study, 
and sign an informed consent form.

The exclusion criteria are as follows:

(1)	Inability or refusal to undergo UGBx.
(2)	Patients with any contraindications for pleural 

biopsy.
(3)	Patients with known or suspected allergy to 

fluorescein.

Sample size calculation
This study employs a stratified randomized controlled 
trial design, with stratification criteria based on chest 
ultrasound findings. Specifically, Stratum 1 includes par-
ticipants with a pleural thickness of ≥ 5  mm and/or the 
presence of pleural nodularity, while Stratum 2 comprises 
individuals exhibiting a pleural thickness of <5 mm with-
out any pleural nodularity.

The definition of pleura thickening has a large het-
erogeneity (3-mm, 5-mm, or 10-mm) in previous stud-
ies, and most of the published subgroup analyses based 
on pleural thickness focused on tuberculous pleurisy. 
According to our previous data on traditional ultra-
sound-guided pleural biopsy (Table 1) [17], a 5-mm mar-
gin may be appropriate as a threshold for defining the 
pleural thickness.

In our prior study, the diagnostic yield of UGBx in 
the population with pleural thickness ≥ 5  mm and/
or pleural nodularity and the population with pleural 

thickness < 5 mm was 82% and 76%, respectively. Our ini-
tial data suggested that the diagnostic yield of CLE-UGBx 
was 95% in these two stratums.

The sample size was calculated separately for the two 
strata, using a significance level (α) of 0.05 and a statisti-
cal power of 0.8. For the stratum characterized by pleu-
ral thickness of ≥ 5 mm and/or nodularity, a total of 188 
participants is deemed necessary. Conversely, for the 
stratum defined by pleural thickness of <5 mm and with-
out pleural nodularity, a sample size of 106 participants is 
required. Given that this study is a stratified randomised 
controlled trial with independent randomization within 
each stratum, the overall sample size is the aggregate 
of the required participants from both strata, yielding a 
total of 294 participants. To accommodate an expected 
dropout rate of 10%, the final enrollment target is set at 
324 participants. Detailed outputs of the sample size cal-
culations are presented in Supplementary Figure S1.

Grouping and randomising
Before randomization, all participants to be included 
in the study will undergo chest ultrasound (the type of 
device will not be limited) and CT examination. Partic-
ipants will be divided into two groups based on chest 
ultrasound: Group 1 will include participants with 
pleural effusion only or with a pleural lesion beyond 
the reach of the biopsy needle, for example, near the 
mediastinum; Group 2 will include participants with 
pleural effusion associated with pleural thickening 
or nodularity. On ultrasound, pleural thickening is 
defined as ≥ 5-mm thickness above the rib. Patients in 
both groups will be randomly assigned to the nCLE-
UGBx and UGBx arms. The randomization sequence 
will be generated by an independent investigator using 
a Sealed Envelope online randomization program with 
a block size of eight (​h​t​t​p​​s​:​/​​/​w​w​w​​.​s​​e​a​l​​e​d​e​​n​v​e​l​​o​p​​e​.​c​​o​
m​/​​s​i​m​p​​l​e​​-​r​a​​n​d​o​​m​i​s​e​​r​/​​v​1​/​l​i​s​t​s). The randomization 
sequence and block sizes are ​c​o​n​c​e​a​l​e​d from the study 
investigators and staff.

Biopsy procedures
Conventional UGBx and nCLE-assisted UGBx will be 
performed by experienced radiologists and pulmon-
ologists (> 5 years of clinical and research experience). 
In addition, considering that nCLE is a novel imaging 
technique in China, all eligible physicians will receive 
standard training in nCLE image identification and 
examination. Only physicians who pass the final exam-
ination will be included in this trial. The side of the 
planned biopsies will be determined based on the CT 
scan results and reconfirmed by ultrasound. In cases 
of bilateral pleural effusion, the side exhibiting the 
most significant pleural effusion will be designated as 
the intended site for biopsy. The participant’s position 

Table 1  Diagnostic yield of UGBx according to different 
ultrasound findings
Pleural thickness Incidence Diag-

nostic 
yield

p-
Val-
ue

3 mm 0.379

  <3 mm without pleural nodularity 25.3% (23/91) 82.6% 
(19/23)

  ≥ 3 mm and/or pleural nodularity 74.7% (68/91) 73.5% 
(50/68)

5 mm 0.488

  <5 mm without pleural nodularity 58.2% (53/91) 75.5% 
(40/53)

  ≥ 5 mm and/or pleural nodularity 41.8% (38/91) 81.6% 
(31/38)

10 mm 0.712

  <10 mm without pleural 
nodularity

85.7% (78/91) 79.5% 
(62/78)

  ≥ 10 mm and/or pleural nodularity 13.2% (12/91) 75.0% 
(9/12)

Abbreviations: UGBx Ultrasound-guided pleural biopsy

https://www.sealedenvelope.com/simple-randomiser/v1/lists
https://www.sealedenvelope.com/simple-randomiser/v1/lists
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for biopsy will be sitting, with the patient’s arms folded 
across the chest and supported by a bedside table. If 
this position is not available, the prone, supine, or lat-
eral decubitus positions can be used.

UGBx will be performed in real time. When preparing the 
cutting biopsy needle, the ‘firing’ mechanism of the needle 
will be demonstrated to the participant outside the chest. 
A low-frequency probe (2–5 MHz) will be employed to 
identify the appropriate site, and a 16G automated cutting 
needle with a specimen notch of 20 mm (MC1816, Bard 
Max. Core, Bard Inc., USA) and a 15G coaxial needle will 
be used to perform the biopsy. This procedure will be con-
ducted with the participant under local anesthesia using 2% 
lidocaine while the participant remains in the same position. 
To maximize accuracy, the thickest point of the pleura or 
a focally thickened region will be chosen for biopsy on the 
premise of security. In the absence of such an area, UGBx 
of the basal pleura (at least two interspaces above the cos-
tophrenic recess) will be performed [18, 19]. Doppler ultra-
sound screening of the intercostal vessels using the same 
probe will be conducted to avoid the vessels. The cutting 
needle will be positioned at an angle to ensure that the core 
of the tissue obtained encompasses the full thickness of the 
pleura, with the needle tip terminating in the pleural fluid, 
thereby creating an oblique biopsy tract. Five cores (four for 

histopathological evaluation and one for microbiological 
etiology evaluation) will be obtained [20].

Steps for the nCLE Technique: The fluorescein (10%, 5 
ml) is intravenously injected 5 min before image acqui-
sition. A nCLE probe (1.4 mm diameter, lateral resolu-
tion of 3 μm, depth of focus of 40–90 μm) can be easily 
introduced into the coaxial sheath to detect the pleura. 
After identifying the specific nCLE images (Fig. 1), the 
coaxial sheath will be maintained in position, and the 
nCLE probe removed [15, 16]. The biopsy device is then 
introduced into the coaxial sheath, and a biopsy is per-
formed under ultrasound monitoring. A maximum of 
three distinct skin punctures is permitted per patient to 
optimize the diagnostic yield while prioritizing patient 
safety. Should the specific nCLE imaging region not be 
successfully acquired within the initial two punctures, a 
third puncture will be conducted, and all five specimens 
will be collected, irrespective of the nCLE findings at 
that location. A schematic of the nCLE-assisted UGBx is 
shown in Fig. 2.

The biopsy site is immediately rescanned following the 
procedure to verify the absence of any signs of pneumo-
thorax [21, 22]. All specimens will be immediately fixed 
in 10% formalin and sent for histopathological examina-
tions. Prior to pleural biopsy, thoracocentesis was used to 

Fig. 1  Representative nCLE images of the pleural surface. A Muscle tissue; (B) Pleural fibrosis; (C) Adipocytes: When blood vessels traverse beneath the 
surface, “bright lines” may be visible; (D) Suspended cells in pleural effusion; (E) Clusters of tumor cells; (F) Granulomas of varying sizes, accompanied by 
necrotic acellular areas. Abbreviations: nCLE Needle-based confocal laser endomicroscopy
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obtain pleural effusion samples from all patients for bio-
chemical and microbiological analyses. Any discomfort 
or complications will be documented seven days after 
the biopsy. Excessive pain is defined as any pain requiring 
parenteral or opioid analgesia [23].

Histopathological analysis
Two pathologists blinded to the grouping condition 
will independently evaluate each biopsy specimen for 
a pathological diagnosis based on morphology. First, 
pathological diagnoses are primarily categorized as either 
malignant or benign. Malignant cases will also be catego-
rized according to cell properties. Immunohistochemical 
staining will be performed to identify the tumor of origin 
and obtain a definitive diagnosis. The pathologist will also 
stain the specimens with Ziehl-Neelsen to investigate 
acid-resistant bacilli (M tuberculosis). For specimens sus-
pected of tuberculous pleurisy, positive staining for M. 
tuberculosis, the presence of caseating granulomas in the 
biopsy tissue, or GeneXpert positivity will be regarded as 
evidence of tuberculous pleurisy [18]. 

Each malignant biopsy will be classified into one of 
the following three categories based on molecular stud-
ies: (1) successful molecular marker analysis, (2) unsuc-
cessful molecular marker analysis, and (3) not sent, 
despite relevance [24]. Molecular marker testing will be 
conducted after the participants receive a final diagno-
sis of the tumor type and consent to undergo molecular 
marker testing. The definitions of suitable tumor types 
and related molecular markers will be in agreement with 
those of a previous study [25] (Table 1).

Participants whose initial biopsy samples are classified 
as benign or indeterminate but suspected of malignancy 
will receive thoracoscopy or surgical biopsy with their 
consent [26]. A follow-up period of at least 12 months 
will be performed for every patient who receives a benign 
pleural effusion diagnosis without direct evidence for 
a definitive diagnosis or who is still suspected of hav-
ing MPE, despite the absence of malignant histopatho-
logical results in their biopsy specimens. Patients with 
non-specific pleuritis on pleural biopsy who remain undi-
agnosed after 12 months of follow-up will be classified as 

Fig. 2  Graphical abstract of nCLE-assisted UGBx. (1) Thoracic ultrasound was used to select the entry site; (2) a coaxial catheter was used to arrive at 
the pleura; (3) the core needle of the coaxial catheter was then withdrawn; (4) an nCLE probe was advanced 1 to 2 mm in front of the catheter tip and 
the thickened pleura was detected; (5) after detecting the specific nCLE images, the probe was removed and replaced with a biopsy needle to obtain a 
specimen in the nCLE imaging tract
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‘idiopathic pleuritis’ and excluded from the diagnostic 
yield calculation.

Reference standard
The diagnosis in this trial will be established by the treat-
ing clinician based on all clinical, radiologic, microbio-
logic, and pathologic information. In addition, all the 
final diagnoses will be verified by an independent diag-
nosis verification panel, which includes three pulmonary 
and critical care medicine physicians, one radiologist, 
and one pathologist.

Outcomes
Primary outcome
The primary outcome is the diagnostic yield of the pro-
cedures for diagnosing patients with unknown exuda-
tive pleural effusion and the sensitivity for identifying 
malignant effusions. The diagnostic yield is defined as the 
proportion of all individuals undergoing the diagnostic 
procedure under evaluation in whom a specific diagno-
sis is established based on a consensus definition [27]. 
Diagnostic sensitivity is defined as the proportion of indi-
viduals with the disease, as determined by the reference 
standard, who have a positive test result.

Secondary outcome
Secondary outcomes included the rate of successful 
biopsy, total procedure time, the total number of skin 
punctures, incidence of complications, as well as the size, 
quality, interpretability, and adequacy of pleural biopsy 
for achieving a molecular diagnosis.

The total procedure time is defined as the dura-
tion commencing with the initiation of local anesthesia 
administration and concluding with the retraction of the 
coaxial sheath subsequent to the acquisition of the final 
biopsy specimen. This duration includes all procedural 
steps subsequent to localization, encompassing local 
anesthesia administration, nCLE probe insertion and 
imaging (when applicable), biopsy sampling, and removal 
of the coaxial sheath. The time will be quantified using 
the timestamps documented by the ultrasound system’s 
video recording function, as recorded by an independent 
study coordinator who is not involved in the procedure.

The total number of skin punctures is defined as the 
count of distinct entries made into the skin during the 
procedure. For instance, if multiple biopsy samples are 
obtained through the same coaxial sheath following a 
single skin puncture, they are collectively regarded as one 
puncture.

Complications related to the procedure include pro-
longed air leaks, hemorrhage, subcutaneous emphysema, 
postoperative fever, empyema, wound infection, car-
diac arrhythmias, hypotension, and chest wall seeding 
from mesothelioma. The biopsy sites will be evaluated 

for hemorrhage prior to performing subsequent biop-
sies, and the degree of bleeding at the biopsy site will be 
assessed as follows [28]:

a.	 Nil: slight and self-limiting.
b.	 Mild bleeding requiring the injection of vasoactive 

medication (adrenaline).
c.	 Moderate to severe bleeding: Requiring 

electrocautery or argon plasma coagulation.

Sample size measurement: Regarding the biopsy size, 
the total area will be measured using the largest cross-
sectional area under magnification. Each sample will 
be measured twice, and the arithmetic mean of the two 
measurements will be calculated. All areas will be cal-
culated automatically and provided in mm2 using the 
ImageJ software (ImageJ, Maryland, USA) [29].

Assessment of sampling quality: Biopsy quality will 
be determined based on tissue depth. A thoracoscopic 
biopsy specimen, including fatty tissue from the tho-
racic wall, is considered a deep biopsy and is therefore of 
high quality. The tissue depth of each specimen will be 
recorded.

The interpretability of the specimens will be assessed as 
follows.

a.	 Easily interpretable: sufficient tissue with all elements 
required for diagnosis.

b.	 Interpretability with some difficulty: less tissue or 
fewer diagnostic elements and less reliable diagnoses.

c.	 Interpretation is difficult in cases with little tissue 
or scant diagnostic elements and low reliability of 
diagnosis.

d.	 Non-interpretable: Diagnosis was not possible.

The adequacy of pleural biopsy for achieving a molecu-
lar diagnosis will be measured using the proportion of 
successful molecular marker analysis in the population 
receiving molecular marker testing. The following crite-
ria will be used to classify each diagnostic biopsy into one 
of three categories [24]:

a.	 Successful molecular marker analysis: If the 
pathologist reports a successful molecular marker 
analysis of the biopsy specimen. If the pathologist 
does not conduct all the molecular tests for the 
specific tumor type in Table 2 and the report 
does not explicitly indicate any failure in the tests 
performed, the outcome will be deemed successful.

b.	 Unsuccessful molecular marker analysis: If the 
pathologist explicitly reports an inability to conduct a 
molecular marker test (i.e., test failure).
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c.	 Not sent, despite relevance: If the pathologist 
does not perform molecular analysis despite being 
relevant to the tumor type.

The flow of this study is shown in Fig. 3.

Statistical analysis
Statistical analyses will be performed using the SPSS soft-
ware (version 13.0; IBM, Armonk, NY, USA). Pearson’s 
correlation coefficient will be used to assess the associa-
tions between the continuous variables. The chi-square 
test will be used to analyze the relationships between cat-
egorical variables. For continuous variables, differences 
between three or more groups will be assessed using one-
way analysis of variance (ANOVA) and post-hoc Tukey’s 
multiple comparison test (for normally distributed data) 
or the Kruskal-Wallis test (for non-normally distributed 
data). Differences between the two groups were assessed 
using the t-test (for normally distributed data) or the 

Mann-Whitney U test (for non-normally distributed 
data). Statistical significance will be set at P < 0.05.

Discussion
Pleural biopsies are crucial for obtaining histopatho-
logical evidence in patients whose diagnoses cannot be 
confirmed by thoracocentesis [30]. Although grey-scale 
ultrasound is frequently employed as the initial method 
for tissue sampling [4], its diagnostic yield for pleural 
effusion and sensitivity for detecting pleural malignancy 
remain suboptimal [6], particularly in patients without 
pleural thickening and nodularity [31]. To address this 
limitation, several image-guidance techniques have been 
developed, including contrast-enhanced ultrasound and 
ultrasonic elastography [9, 10]. Nonetheless, dependence 
on indirect indicators, such as tissue stiffness or blood 
supply, constrains their ability to detect early or subtle 
malignant lesions [12, 17]. This trial aims to comprehen-
sively evaluate whether nCLE can overcome these spe-
cific constraints by enabling the direct visualization of 
pathological tissues.

The trial utilizes a multicenter, stratified randomized 
design to evaluate two biopsy techniques within popula-
tions characterized by baseline pleural imaging features. 
This methodology is specifically tailored to address the 
prevalent clinical issue of determining how chest image 
findings should guide the selection of biopsy methods. 
By conducting the study across multiple centers, the trial 
ensures the inclusion of a diverse patient cohort, thereby 
enhancing the generalizability of the findings. To mini-
mize assessment bias, a centralized histopathological 
evaluation of all biopsy specimens will be conducted by 
reviewers blinded to the study arm assignments. The pro-
tocol also requires a systematic assessment of specimen 
quality, including evaluations of size, integrity, and suit-
ability for molecular analysis as a predefined secondary 
outcome. Additionally, a 12-month clinical and radiologi-
cal follow-up of all participants will serve as a composite 
reference standard for the final diagnosis. These inte-
grated methodological features are designed to produce 
robust evidence that directly informs clinical practice.

If nCLE-UGBx exhibits superior diagnostic perfor-
mance, its primary clinical utility would be most evi-
dent in patients without pleural thickening and nodules 
on initial ultrasound, a subgroup characterized by the 
lowest yields from standard biopsy procedures. In such 
cases, nCLE could facilitate the transition from anatomi-
cal landmark-based sampling to a strategy informed by 
direct microscopic pathology. For patients with appar-
ent pleural lesions, nCLE may enhance target selection 
in suspicious regions. Positive outcomes could thereby 
support a more evidence-based approach to selecting 
biopsy techniques. Clinicians might consider employing 
nCLE-UGBx for patients with a high clinical suspicion 

Table 2  Tumor types and their relevant predictive markers
Tumor Type Recommended Predictive Marker
NSCLC PD-L1, EGFR, ALK, ROS-1

Breast HER-2, ER, PR

Ovarian BRCA

Renal PD-L1

DLBCL MYC, BCL2, BCL6

Colorectal RAS, BRAF, EGFR

Gastric HER2

Esophageal HER2

Melanoma BRAF, NRAS, cKit, PD-L1
Abbreviations: ALK Anaplastic lymphoma kinase, DLBCL Diffuse large B-cell 
lymphoma, EGFR Epidermal growth factor receptor, ER Estrogen receptor, HER2 
Human epidermal growth factor receptor 2, NSCLC Non-small cell lung cancer, 
PD-L1 Programmed death ligand 1, PR Progesterone receptor, ROS-1 C-ros 
oncogene

Fig. 3  The trial flow chart. Abbreviations: nCLE Needle-based confocal 
laser endomicroscopy
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of malignancy but minimal sonographic findings, poten-
tially circumventing an initial non-diagnostic procedure. 
This stratified approach holds the potential to reduce 
diagnostic delays and diminish the necessity for subse-
quent invasive biopsies or medical thoracoscopy. Fur-
thermore, by improving first-attempt diagnostic success, 
this method may enhance the capacity to obtain adequate 
tissue for molecular analysis, which is crucial for guiding 
targeted cancer therapies.

This study is subject to several limitations. First, the 
implementation of nCLE necessitates operator training 
and experience, and its diagnostic accuracy is contingent 
upon the establishment of validated imaging criteria. This 
reliance may affect the consistency and generalizability of 
the procedure across various clinical centers. Second, the 
financial implications of nCLE technology may hinder its 
broader adoption in routine clinical practice. Finally, as a 
diagnostic trial, the study lacks a uniform histopathologi-
cal reference standard applicable to all participants, as 
not all individuals will undergo confirmatory thoracos-
copy or surgical biopsy. Consequently, the final diagnosis 
in certain cases will depend on clinical and radiological 
follow-up, which represents a common methodologi-
cal limitation that may affect the reliability of diagnostic 
yield estimates.

Overall, this trial aims to assess the potential enhance-
ment of the diagnostic yield of UGBx through the appli-
cation of nCLE. Positive outcomes from this study could 
inform the optimization of biopsy strategy selection 
based on imaging characteristics. Subsequent research 
should focus on evaluating the implications for patient 
outcomes and the cost-effectiveness of this approach.

Abbreviations
UGBx	� Ultrasound-guided pleural biopsy
BTS	� British Thoracic Society
CI	� Confidence interval
MPE	� Malignant pleural effusion
UE	� Ultrasound elastography
CEUS	� Contrast-enhanced ultrasound
CLE	� Confocal laser endomicroscopy
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