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Abstract: We report a clinical case of preoperative three-dimensional reconstruction combined with fluorescence
imaging in simultaneous bilateral single-hole thoracoscopic treatment of pulmonary nodules. Fluorescent staining
is widely used in clinics to show the interface between lung segments, and there are many reports in the literature.
Indocyanine green (ICG), fluorescent staining method has the advantages of no need for repeated lung inflation
and short time consumption. Moreover, the development of imaging three-dimensional reconstruction technology
also provides convenience for accurate positioning of anatomical structures. Finally, we think that the application of
preoperative three-dimensional reconstruction combined with fluorescence imaging for simultaneous double-lung
single-hole thoracoscopic pneumonectomy can quickly and clearly display the interface between lung segments,
provide technical support for the operation, shorten the operation time, reduce intraoperative bleeding, and have
relatively high safety, and may shorten the learning curve for the growth of clinical thoracic surgeons, which may be
worth popularizing and applying.

Keywords: Bilateral multiple pulmonary nodules, one-stage bilateral video-assisted thoracic surgery, three-dimen-
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Introduction cent contrast agent that emits light in the near
infrared spectrum and has been approved by
the United States (US) Food and Drug Ad-
ministration as an intravenous drug [2]. Near

infrared fluorescence imaging of intravenous

Ground-glass opacities (GGOs), also known as
ground-glass nodules, are a radiological mani-
festation seen on chest X-rays or lung CT

(Computer Tomography) scans. Surgery is usu-
ally the primary treatment for suspected malig-
nant or progressive GGOs. However, surgeons
often encounter difficulties in localizing small
GGOs and determining their borders during the
surgical procedure because minimal visual and
tactile differences exist between GGOs and the
surrounding lung tissue.

Imaging with indocyanine green (ICG) and in-
traoperative near infrared fluorescence has
become an accurate and effective method to
locate pulmonary nodules [1]. ICG is a fluores-

ICG has found many successful clinical applica-
tions in areas including ophthalmic angiography
[3], cerebral perfusion assessment [4], retinal
lymph node identification [5], and arterial perfu-
sion assessment [2]. It is also widely used in
resection of various tumor types because of its
high contrast of specific targets.

In recent years, fluorescence staining has been
widely used in clinical settings for displaying the
interface between lung segments. It has been
reported in much of the literature that indocya-
nine green (ICG) fluorescence staining method
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has the advantages of no need for repeated
lung inflation and it has a short time consump-
tion [6-8]. The development of imaging three-
dimensional reconstruction technology has al-
so enabled convenient and accurate location of
anatomical structures [9, 10].

With increasing attention being paid to health
examination and the development of imaging
technology, bilateral multiple pulmonary nod-
ules (comprising two or more bilateral nodules)
are increasingly being screened simultaneous-
ly, and are often confirmed to be malignant [11-
13]. The surgical treatment of bilateral multiple
pulmonary nodules typically involves either
simultaneous operation or staged operation.
Traditional bilateral simultaneous thoracoto-
my is considered highly invasive, and is associ-
ated with many complications and high mortal-
ity, particularly bilateral lobectomy, which has
not been recommended in previous reports
because it may cause substantial trauma [14-
16]. Therefore, in the past, staging operation or
unilateral operation with observation on the
other side has often been used. As thoraco-
scopic technology has developed and matured,
its notable advantage of minimal invasiveness
has been widely recognized. Its application
scope has gradually expanded from bilateral
pulmonary bullae to lung cancer, and the num-
ber of reported cases is increasing. Bilateral
video-assisted thoracic surgery (VATS) has little
effect on cardiopulmonary function and is gen-
erally tolerated by patients and is safe and fea-
sible in clinical settings [11, 17].

Mimics is a set of highly integrated and easy-to-
use 3Dimensions (3D) image generation and
editing software, which can be used to gener-
ate 3D reconstruction images of patients’ pul-
monary arteries and veins before operation to
guide clinical surgery [18].

However, few clinical studies have examined
preoperative three-dimensional reconstruction
combined with fluorescence staining technolo-
gy. Therefore, we sought to explore the applica-
tion and clinical value of preoperative Mimics
three-dimensional reconstruction combined wi-
th fluorescence imaging in simultaneous bilat-
eral single-port thoracoscopic anatomical lung
segmentectomy.

Case report

We report the case of a 60-year-old woman
with no clear respiratory symptoms. Her physi-
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cal examination findings and laboratory test
results were normal. She had no history of
smoking, personal history of tumors, or rele-
vant surgical treatment. However, her two
uncles had a history of lung cancer.

We adopted the strategy of combining preop-
erative imaging discussion, follow-up records
and intraoperative freezing to implement the
corresponding surgical methods. The right api-
cal pulmonary nodule of the patient was only 5
mm in size. The perfect Positron emission
tomography/computed tomography (PET/CT)
examination before operation showed that
there was no active high glucose metabolism,
and early lung malignant tumor was not ruled
out. After the collection of family medical his-
tory before operation, combined with auxiliary
examination and follow-up records within the
most recent two years, with the lung tumor
markers being normal, and after discussion in
the department we tended to suspect early
lung cancer, so we took partial wedge resection
of the upper lobe of the right lung. The left
upper lobe lingual pulmonary nodule was about
12*9 mm in size, and the lingual artery had
variation, and a segmental vein originated from
the inferior pulmonary vein. Combined with the
imaging findings, it was possible to imagine
adenocarcinoma before operation, so we ch-
oose to do an anatomical lingual resection of
the left upper lung. It has been reported that
lobectomy plus lymph node dissection was the
main surgical treatment for early lung cancer in
the past, but with the deepening of research,
especially the results of JCOG0802 study [19]
and CALGB140503 study [20] which were pub-
lished one after another, they provided high-
level evidence for the implementation of sub-
lobectomy. For some patients with early lung
cancer, thoracoscopic segmental resection can
achieve similar clinical effects as lobectomy,
and at the same time, it can better protect lung
function.

A small GGO was detected in the left S4-5 seg-
ment (left upper lobe lingular segment). High-
resolution axial computed tomography revealed
a marginated mixed GGO with clear boundaries
and uneven density, without any evidence of
distant metastasis (Figure 1). A lung nodule in
the left upper lobe lingular segment, which was
highly suspected to be adenocarcinoma, was
assessed preoperatively.

On the right side, a 5 mm GGO was observed in
the S1 segment (right upper lobe apical seg-
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Figure 1. Thin-slice chest CT of the upper lobe of the left lung. A 60-year-old woman was found to have a mixed
ground-glass opacity (GGO) in the upper left lung on high-resolution computed tomography (CT). A. CT image ob-
tained with mediastinal window settings, showing solid components visible in the GGO. B. Axial CT image (5 mm
thick slice), showing a circular mixed GGO with a diameter of 10 mm (orange arrow). C. Magnified image, showing

details of the well-defined GGO border (blue arrow).
i l

Figure 2. Thin-slice chest CT of the upper lobe of the right lung. A 60-year-old woman was found to have a pure
ground-glass opacity (GGO) nodule in the upper right lung on high-resolution computed tomography (CT). A. CT
image obtained with mediastinal window settings, showing no solid components in the GGO. B. Axial CT image (5
mm thick slice), showing a circular pure GGO with a diameter of 5 mm (orange arrow). C. Magnified image, showing

details of the well-defined GGO border (blue arrow).

ment) (Figure 2). Preoperative PET/CT examina-
tion suggested no evidence of increased glu-
cose metabolism. However, on the basis of the
preoperative collection of family medical histo-
ry, auxiliary examinations, and the patient’s
follow-up records over the prior 2 years, we
believed that the possibility of early stage
malignant lung tumor could not be ruled out for
the right lung nodule.

Preoperatively, Digital Imaging and Commu-
nications in Medicine (DCM) format images
were imported into the MIMICS 21.0 system
for three-dimensional reconstruction. The nod-
ules were identified, and structures such as
bronchi, arteries, and veins were reconstruct-
ed in three dimensions. The areas of the lung
segments to be removed and preserved were
marked on the reconstructed model, and the
interface between them was delineated (Figure
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3). Fluorescence thoracoscopy was chosen,
and anatomical lung segmentectomy was per-
formed intraoperatively, on the basis of the
preoperative three-dimensional reconstruction
model (Figure 4). The mode was switched to
fluorescence mode, and the attending nurse
was instructed to dissolve 25 mg of indocya-
nine green in 10 mL of normal saline and to
administer 5 mL intravenously peripherally. The
interface was marked through electrocoagula-
tion (Figure 3), and precise subsegmental lung
resection was subsequently performed at the
interface. Concurrently, wedge resection was
performed on the right lung nodule.

Finally, the patient underwent intraoperative
frozen biopsy and pathological confirmation.
The intraoperative frozen biopsy suggested:
adenocarcinoma in situ in the right upper lung;
Tongue adenocarcinoma of the left upper lung
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Figure 3. Three-dimensional reconstruction image of the upper lobe of the left lung before operation. (A-C) Three-
dimensional reconstruction image of the right upper lobe artery, vein, bronchus, and lesion. (D-F) Three-dimensional
reconstruction image of bilateral pulmonary arteries, veins, bronchi, and lesions. (G-I) Three-dimensional recon-
struction images of arteries, veins, bronchi, and lesions in the upper lobe of the left lung. The red arrow in (G) shows
the variant lingual vein originating from the inferior pulmonary vein.

Figure 4. Intraoperative fluorescence staining of the lung segment. A-C. Image obtained by thoracoscopic surgery,
showing the target site of surgery, on the basis of fluorescence defects (blue arrow) and the normal lung tissue in
fluorescent purple (red arrow).
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Figure 5. Postoperative pathological immunohistochemistry. A, B. Histo-
logical specimen, showing infiltrating adenocarcinoma in the left lung. The
tumor cells exhibit invasive growth around the segmental bronchus, with
predominant growth along the alveolar epithelium, partly forming papillary
structures. A small number of micro-papillary structures can be observed.
(black arrow) The tumor stroma shows elevated lymphoid tissue prolifera-
tion, with the formation of lymphoid follicles. The surgical margins are nega-
tive (IHC x40). C, D. Histological specimen, showing micro-invasive adeno-
carcinoma in the right lung. Elevated atypical alveolar epithelial proliferation
is observed, with enlarged, deeply stained tumor cell nuclei exhibiting nail-
like growth (blue arrow). The tumor foci exhibit a glandular infiltration growth
pattern, accompanied by stromal proliferation and infiltration of inflamma-
tory cells. The infiltrative foci measure <0.2 cm (IHC x40).

In thoracic surgery, three-di-
mensional reconstruction te-
chnology has found applica-
tions including preoperative
planning in lung cancer treat-
ment [21], respiratory motion
analysis of lung cancer tu-
mors, and calculation of the
degree of lung tissue com-
pression in pneumothorax. In
lung segment surgery, this
technology enables precise
three-dimensional reconstru-
ction of relevant pulmonary
vessels, bronchi, tumor loca-
tions, etc., thus clarifying the
need for resection of specific
segmental vessels and bron-
chi, and helping thoracic sur-
geons identify target vessels
and bronchi. Consequently,
this modality provides impor-
tant surgical references for
lung segment surgery, there-
by decreasing surgical diffi-
culty and time. ICG fluores-
cence thoracoscopy has been
applied in fields such as tho-

(Figure 5), we cleaned the lymph nodes in
groups 5, 7,9, 10, 11 and 12 at the same time.
The patient’s operation lasted for 6 hours, with
a bleeding volume of about 500 ml, and she
was monitored in the ward after operation.

Discussion

We reported a clinical case in which three-
dimensional reconstruction combined with flu-
orescence imaging technology was used for
GGO resection under 4K fluorescence thora-
coscopy after intravenous injection of ICG. The
success of this case expands the application of
ICG to simultaneous bilateral pulmonary nod-
ule resection.

For multiple bilateral lung lesions, individual-
ized surgical approaches should be taken
according to the characteristics of the lesions
and the overall condition of the patient. With
rigorous preoperative screening and meticu-
lous perioperative management, simultaneous
bilateral thoracoscopic surgery is safe and
feasible.
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racic surgery, hepatobiliary

surgery, general surgery, and
neurosurgery [22]. This technology has also
been used for preoperative localization of pul-
monary nodules, intraoperative inter-segmen-
tal plane display, sentinel lymph node tracing,
visualization of sympathetic nerves and the
thoracic duct, and evaluation of the blood sup-
ply to the gastric conduit in esophageal cancer
[23].

The technique of 4K fluorescence thoracosco-
py can rapidly and accurately display interseg-
mental planes in anatomical segmentectomy.
When combined with MIMICS three-dimension-
al reconstruction, this technique can decrease
the time required for identifying target seg-
ment vessels and the trachea during surgery,
as well as for identifying intersegmental planes.
Consequently, the surgical difficulty and dura-
tion can be decreased, rapid patient recovery
can be facilitated, and contemporary fast-track,
minimally invasive, precision surgery can be
achieved.

In this case, the variation in the lingual vein
originating from the lower pulmonary vein was
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discovered during preoperative planning. Ul-
timately, precise resection of the lingual seg-
ment of the left upper lobe and wedge resec-
tion of the right upper lobe were successfully
performed. Therefore, we believe that the
application of preoperative three-dimensional
reconstruction combined with fluorescence
imaging for simultaneous single-port thoraco-
scopic pulmonary segmentectomy can rapidly
and clearly display the intersegmental bound-
aries, provide technical support for surgery,
potentially shorten the surgical time, decrease
intraoperative bleeding, and have relatively
high safety. Moreover, it may shorten the learn-
ing curve for clinical thoracic surgeons, and
thus may be worthy of promoting and applying.

However, there are some limitations in this
study. First of all, the sample size is small, and
the three-dimensional reconstruction technol-
ogy combined with ICG based on fluorescence
imaging did not compare the number of cases
sufficiently to verify the clinical benefits of this
new preoperative and intraoperative strategy
for simultaneous bilateral pulmonary nodule
resection. Follow-up needs large samples for
further clinical trials. Secondly, this is a single-
center study, which has limitations and needs
further study in multi-center clinical trials.
Finally, the combination of preoperative three-
dimensional reconstruction planning and indo-
cyanine green fluorescence staining localiza-
tion. Long-term follow-up has not been carried
out on the influence on lung function of patients
in the later stage, and further clinical trials are
still needed in the follow-up.
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