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Abstract: Thoracoscopy is widely used for the diagnosis and management of pleural diseases. This technique is
valuable because it enables direct visualization of the pleural cavity surface and pathologic biopsy sampling of le-
sions. However, it is limited in detecting early-stage pleural lesions, carrying a considerable risk of misdiagnosis or
missed diagnosis, which may delay treatment and ultimately compromise patient poutcome. Confocal laser endo-
microscopy (CLE) is an emerging in vivo microscopy technique that can be integrated with traditional thoracoscopy
platforms, providing real-time in vivo observation of pleural cellular and histologic features. This technology helps
identify early microscopic lesions and guide thoracoscopic pleural biopsies, thereby reducing the risk of misdiag-
nosis and missed dignosis associated with conventional thoracoscopic biopsies. In this case report, we present a
patient with unexplained pleural effusion and elevated tumor markers, for whom conventional thoracoscopy re-
vealed no significant pleural abnormalities. Subsequently, under thoracoscopic guidance, we performed a CLE-
based microscopic scan of the pleura, which revealed clusters of darkly pigmented cells with significant atypia.
Targeted biopsy of this area under thoracoscopy confirmed a final pathologic diagnosis of right upper lung adeno-

carcinoma.
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Case report

A 77-year-old female patient had a history of
pleural effusion and was admitted to our
department 1 month prior with a diagnosis of
“pulmonary infection”. At that time, chest com-
puted tomography (CT) revealed a moderate
right pleural effusion. She underwent thoraco-
scopic pleural examination and biopsy: intraop-
erative findings showed extensive adhesions in
the pleural cavity, and several pleural tissue
samples were randomly collected. Pathologic
results indicated granulomatous inflammation,
and she was discharged after anti-inflammato-
ry and anti-infective treatment.

She presented to our hospital again due to
recurrent pleural effusion. A repeat chest
CT scan (August 31, 2024) showed: 1. A new
mass lesion in the right upper lobe, suggesting

enhanced CT for further evaluation; 2. Bilateral
interstitial pneumonia with localized bronchiec-
tasis, which was more progressive compared to
the previous scan; 3. Calcification in the left
lower lobe and scattered bullae in both lungs;
4. Irregular thickening of the bilateral pleura; 5.
New small right pleural effusion.

On admission, the patient reported a 1-month
history of cough with white sputum (more
severe in the morning), accompanied by right
precordial pain aggravated by coughing and
respiration. She denied fever, nausea, vomiting,
abdominal pain, diarrhea, headache, blurred
vision, or limb movement disorders. Serum
tumor marker assays performed on August 30,
2024 revealed elevated levels of neuron-specif-
ic enolase (24.880 ng/ml) and carcinoembry-
onic antigen (3.19 ng/ml), both exceeding the
respective reference ranges.
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Figure 1. Direct visualization of pleural surface under thoracoscopy, CLE examination, and targeted biopsy. A. Direct
visualization of the pleural cavity under thoracoscopy (no obvious lesions found). B. CLE scanning of the pleura un-
der thoracoscopy guidance. C. Pleural biopsy of the abnormal areas identified by CLE under thoracoscopy.
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Figure 2. pCLE images of abnormal pleural lesions in the patient’s pleural
cavity. A. Numerous deeply black abnormal cells are densely clustered on
the pleura, with significant cellular atypia (red arrow). B. Deeply black cells
are clustered in a mass-like distribution, with significant cellular atypia (red
arrow). C. Deeply black cells are clustered with significant atypia (red arrow),
and fluorescein sodium leakage is noted in the background (blue arrow). D.
Abnormally thickened and tortuous blood vessels are observed on the pleu-

ral surface (yellow arrow). Bar = 10 ym.

On September 2, 2024, the patient underwent
video-assisted thoracoscopic surgery (VATS)
with pleural biopsy. Given the patient’s history
of recurrent pleural effusion (following previous
thoracoscopic random biopsy with a diagnosis
of granulomatous inflammation) and newly ele-
vated tumor markers combined with a new lung
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mass on CT, the underlying
etiology remained unclear.
Conventional thoracoscopic
random biopsy had failed to
clarify the diagnosis during
the prior admission, and there
was a high risk of missed or
misdiagnosis for early or sub-
tle lesions. To address this
diagnostic dilemma, we inte-
grated probe-based confocal
BIOPSEE laser endomicroscopy (pCLE)
into the thoracoscopic proce-
dure. Intraoperative thoraco-
scopic findings included pl-
eural congestion with minor
hemorrhage, mild adhesions,
and a large volume of yellow-
ish pleural effusion, without
other significant abnormali-
ties. A pCLE device (BIOPSEE®
Viestar Medical Technology
Co., Ltd., Suzhou, China) was
introduced into the pleural
cavity through the thoraco-
scopic port, and confocal im-
aging was performed through
direct contact with the pleu-
ra, followed by thoracoscopic
biopsy of suspicious areas
(Figure 1). During pCLE exa-
mination at the margin of a
slightly whitish pleural region,
clusters of darkly pigmented
atypical cells were identified, suggestive of
pathologic changes (Figure 2). Rapid On-Site
Evaluation (ROSE) of the thoracoscopic biopsy
specimens revealed numerous deeply stained,
pleomorphic nuclei, and based on these mor-
phologic features, a high suspicion for pulmo-
nary adenocarcinoma was raised (Figure 3).
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Figure 3. Rapid On-Site Evaluation (ROSE) view of
thoracoscopic tissue biopsy. ROSE shows a large
number of deeply stained heterogeneous nuclei. Bar
=40 pm.

Routine cytologic examination of the pleural
fluid, conducted on September 2, 2024, con-
firmed the presence of malignant cells. His-
tologic analysis of the biopsy specimens on
September 4, 2024 identified a malignant epi-
thelial neoplasm, and the diagnosis of adeno-
carcinoma of the right upper lobe was estab-
lished based on immunohistochemical findings
(Figure 4).

Discussion

During thoracoscopy, patients with advanced
pleural tumors typically present with marked
pleural thickening, pleural effusion, pleural
nodules and masses, as well as pleural conges-
tion, edema, and adhesions [1-3]. In contrast,
early-stage pleural tumors observed by thora-
coscopy are mainly characterized by focal or
diffuse pleural proliferation and thickening, ac-
companied by the formation of a few pleural
surface nodules [4, 5]. For even earlier pleural
tumor lesions, direct visualization using thora-
coscopy may be inadequate for detection, since
these lesions lack distinctiveness [6]. Although
modern thoracoscopy enables comprehensive
examination of the entire thoracic cavity [7, 8],
identifying subtle lesional changes and accu-
rately localizing biopsy sites remains challeng-
ing due to the inconspicuous nature of early
lesions. This renders the diagnosis of early-
stage pleural tumors rather challenging [9, 10].

In clinical practice, the diagnosis of pleural
effusion-related diseases often relies on thora-
coscopic random biopsy, which has inherent
limitations. For patients with early or atypical
lesions (such as the current case), random
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sampling may fail to obtain positive tissue,
leading to misdiagnosis or delayed diagnosis.
Many patients are confirmed to have malignant
pleural effusion only when their condition dete-
riorates or metastases become evident, result-
ing in reduced efficacy of subsequent anti-
tumor treatment. This case highlights the inad-
equacy of conventional thoracoscopic biopsy:
the patient’s first thoracoscopic random bio-
psy yielded granulomatous inflammation, but
recurrent pleural effusion and new imaging
findings indicated an underlying malignant pro-
cess that was missed. This reflects a problem
in clinical practice whereby conventional meth-
ods are insufficient to capture early microscop-
ic lesions, leading to diagnostic delays.

Probe-based confocal laser endomicroscopy
(pCLE) facilitates real-time in vivo histologic
and cytologic visualization and enables target-
ed biopsy guidance, thus it is used for the diag-
nosis and management of digestive and respi-
ratory disorders. Such conditions encompass
Barrett's esophagus, esophageal adenocarci-
noma, gastric cancer, lung cancer, Helicobacter
pylori (HP) infection, ulcerative colitis, intraepi-
thelial neoplasia, colorectal cancer, and chron-
ic liver diseases, among others. pCLE is far
superior for differentiating benign from malig-
nant lesions, since it is not constrained by fac-
tors such as ex vivo specimen staining, thereby
substantially enhancing the accuracy of differ-
ential diagnosis for benign and malignant
lesions [11, 12]. Research has demonstrated
that pCLE can function as a biopsy guidance
technique to distinguish benign from malignant
pleural lesions and effectively differentiate tu-
mor deposits from pleural fibrosis in malignant
pleural mesothelioma [13, 14]. This suggests
that pCLE is an effective biopsy guidance tool,
capable of guiding precise biopsy by identifying
in vivo malignant cell regions and reducing the
need for numerous repeated biopsy proce-
dures [15].

The notable feature of the case reported herein
is that, under conventional thoracoscopy, the
pleura exhibited non-specific manifestations
including congestion, adhesions, and pleural
effusion, with no obvious signs of pleural thick-
ening or nodular changes that are characteris-
tic of malignant pleural disease. When pCLE
was employed to scan the pleura at these non-
specific congested and adherent sites, numer-

Am J Transl Res 2026;18(2):1584-1588



Thoracoscopy and confocal endomicroscopy for lung adenocarcinoma diagnosis

Figure 4. Pathologic images of pleural biopsies from CLE-identified abnormal sites. A and B. Cancer cells form
glandular formations showing irregular size and shape, disordered arrangement, increased cell layers, and loss of
polarity; nuclei are large, deeply stained, and round/oval/irregular in shape, with evident mitotic figures. C. Immu-
nohistochemical findings: CK7, TTF-1, Napsin A (+); P40, CD56 (-); D2-40, CK5/6, calretinin (mesothelial +); Ki-67
index is approximately 15%. A: Bar = 100 ym; B, C: Bar = 250 um.

ous dark black, highly atypical cells with a clus-
tered distribution were detected at the edge
of a slightly whitish pleural area (as observed
under thoracoscopy), consistent with tumor.
Subsequent to this exploration, under pCLE
guidance, biopsy forceps were used to collect
tissue samples from the abnormal areas for
pathologic examination. The histopathologic
results of the biopsy confirmed a malignant
epithelial tumor, and in conjunction with immu-
nohistochemical findings, the diagnosis was
determined to be lung adenocarcinoma-con-
sistent with the preliminary diagnosis based
on pCLE observations. By providing real-time,
high-quality cytologic microscopic images of
tissues and enabling the identification of ab-
normal atypical cells, pCLE facilitated precise
biopsy procedures during thoracoscopy, there-
by enhancing the success rate and accuracy of
tissue sampling in biopsies.

This case has several limitations worth noting.
First, the interval between the patient’s two
admissions was 1 month, and cancer progres-
sion may have contributed to the detectability
of tumor lesions by pCLE. Notably, even at the
time of the second admission, no obvious mac-
roscopic abnormalities (e.g., nodules, thicken-
ing) were observed on conventional thoracos-
copy, indicating that random biopsy would still
have had a high risk of missed diagnosis.
Second, this is a single case report, and the
clinical value of pCLE in guiding targeted biopsy
for early pleural effusion requires validation in
larger sample sizes. Future studies should
focus on applying pCLE to patients with pri-
mary or early-stage pleural effusion to explore
its microscopic features and optimize its role in
clinical guidance for targeted biopsy.
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In summary, pCLE can accurately identify early
tiny lesions that are difficult to detect by tho-
racoscopy and guide precise pleural biopsies
during thoracoscopy through the thoracosco-
pe’s working channel. This technology offers
robust technical support for the early diagnosis
of pleural diseases, aiding in improving the
detection rate of malignant lesions, accurately
assessing lesion severity, optimizing treatment
plan selection, and enhancing prognosis. How-
ever, the widespread applicability of this tech-
nology remains to be validated through large-
scale sample studies. We are confident that the
integration of pCLE with medical thoracoscopy
will prove useful for early diagnosis of pleural
diseases.
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