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Background: The early surgical intervention for pulmonary ground-glass nodules (GGNs) has become
increasingly important, but accurate identification of these nodules during thoracoscopic surgery poses
challenges due to the need for sublobar resections and reliance on visual and tactile perception alone. The
prognosis of the procedure is closely tied to the use of precise positioning technology. Thus, it is crucial to
develop an accurate positioning technology that can improve patient prognosis.

Methods: Clinical data from the cardiothoracic department of a tertiary hospital in Shanghai were collected
and analyzed between January 2020 and December 2021. The patients were categorized into 2 groups:
an indocyanine green (ICG) group and a hook-wire group. Outcome measures including success rate,
complications, procedure time, localization-related pain, and interval time were assessed. Adverse events and
reactions were reported and compared between the 2 groups.

Results: A total of 62 patients (17 males and 45 females, aged 50.5+13.2 years) were in the ICG group,
while 66 patients (23 males and 43 females, aged 48.4£12.9 years) were localized in the hook-wire group. The
success rate was comparable between the 2 groups. However, the ICG group showed significant advantages
over the hook-wire group in terms of procedure time (22.6+4.4 vs. 24.1+4.9 min; P=0.012), localization-related
pain (P<0.001), and interval time [median and interquartile range (IQR): 3 (0.7, 104.9) vs. 1.2 (0.5, 3.3) h;
P<0.001]. In the ICG group, there were 11 cases of pneumothorax, 4 cases of hemothorax, and 2 cases of
ICG diffusion. In the hook-wire group, there were 24 cases of pneumothorax, 25 cases of hemothorax, and
2 cases of dislodgement. The ICG group had fewer complications, including pneumothorax (P=0.018) and
hemothorax (P=0.007), compared to the hook-wire group.

Conclusions: Computed tomography (CT)-guided intrapulmonary injection of ICG for preoperative
localization of peripheral pulmonary GGN is a practical and safe technique. It offers advantages in terms
of reduced procedure time, localization-related pain, and interval time compared to the hook-wire method.
Moreover, the ICG technique results in fewer complications, making it a valuable preoperative localization

technique worthy of popularization.
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Introduction

Lung cancer remains the leading cause of cancer-
related mortality worldwide. However, advancements
in comprehensive treatment, particularly surgery, have
significantly improved the 5-year survival rates for non-
small cell lung cancer (1,2). Notably, the frequency of early
detection of ground-glass nodules (GGNs) in the lungs
has increased with the aid of imaging technologies such
as computed tomography (CT), leading to a nearly 100%
S-year survival rate for patients with early-stage lung cancer
characterized by GGNs (3,4). As a result, early surgical
intervention for pulmonary GGNs has gained significant
importance (5). However, many of these nodules require
sublobar resections, posing challenges for their accurate
identification during thoracoscopic surgery with visual and
tactile perception alone. Precise localization of pulmonary
GGNs has become a critical issue in thoracoscopic surgery
(6,7).

To address this challenge, this study used CT-guided
percutaneous lung puncture with indocyanine green (ICG)
injection for localization, yielding promising results in terms
of both localization accuracy and treatment outcomes.

Methods
Data collection

Clinical data from patients who underwent thoracic
surgery at the department of cardiothoracic surgery in a
tertiary hospital in Shanghai between January 2020 and
December 2021 were collected and analyzed. The study
included patients who met the following inclusion criteria:
(I) diagnosed with pulmonary GGNs based on chest CT
before surgery and suspected early-stage lung cancer, (II)
solitary nodules with a diameter <20 mm, located within
the outer one-third of the lung field and considered suitable
for sublobar resection, and (III) patients who provided
informed consent and signed both the informed consent
form for the study and the informed consent form for
clinical surgery and CT-guided lung puncture. Meanwhile,
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the following exclusion criteria were applied: (I) patients
with clear contraindications to surgery or those who were
unable to tolerate surgical treatment; (II) patients with
apparent contraindications to lung puncture or at high risk
of complications from the procedure; (III) patients with
evident emphysema, bullae, or pleural effusion; and (IV)
lesions located in close proximity to the pleura, exhibiting
pleural traction signs, and palpable under direct vision
during the operation.

Prior to the procedure, preoperative patient education
sessions were conducted to provide information about the
different localization methods. Patients were given the
opportunity to make an informed decision regarding their
preferred localization method.

Initially, a total of 132 patients met the inclusion criteria
for the study. However, 3 patients decided to withdraw their
consent, and 1 patient in the ICG group did not undergo
localization. As a result, the remaining patients were
divided into 2 groups: the ICG group, consisting of 62 cases
(including 17 males and 45 females, with an average age of
50.50+13.21 years), and the hook wire group, consisting
of 66 cases (including 23 males and 43 females, with an
average age of 48.42£12.92 years).

Localization procedure for ICG injection

The following steps were followed for the localization

procedure with ICG (Figure 14-1D):

% Step 1: the anatomical location of the pulmonary
nodules was analyzed based on the chest CT images.
If feasible, 3-dimensional image reconstruction was
performed to assess the relative relationship between
the nodules and surrounding blood vessels, organs, or
tissues.

% Step 2: after the initial analysis, the target area for
localization was selected. The optimal needle entry
point, entry angle, depth, and entry plane were
determined based on the nodule’s location. This
helped establish the appropriate procedure position.

% Step 3: standard disinfection and draping procedures
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Figure 1 CT-guided ICG localization for peripheral pulmonary ground glass nodules. CT showed a left lower pulmonary nodule (A),

which was located with percutaneous lung puncture ICG (B,C), and fluoroscopic thoracoscopy showed a localized pulmonary nodule (D).

CT showed a left upper pulmonary nodule (E), which was located with the percutaneous lung nodule (F,G), and thoracoscopy showed

localization of the pulmonary nodules (H). White arrows: location of the lesion. CT, computed tomography; ICG, indocyanine green.
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were carried out. Local infiltration anesthesia with 2%
lidocaine was administered along the puncture point
to ensure patient comfort.

Step 4: with a 5-mL syringe needle, a trial puncture
was performed along the preestablished route, with
care taken not to puncture the pleura. A CT scan was
conducted to verify the accuracy of the puncture route.
Step 5: once the correct puncture route was
confirmed, a disposable intravenous indwelling
needle with its needle core was inserted along the
determined route toward the lesion. If the CT scan
revealed an incorrect trial route, adjustments were
made based on the CT image. Subsequently, ICG was
injected into the lung through the puncture needle.
Step 6: ICG was dissolved in 10 mL of water for
injection. From this solution, 1 mL was extracted and

diluted to 10 mL with normal saline. Then, 1 mL of
the diluted solution was drawn into a 1-mL syringe
and slowly injected into the vicinity of the lesion.
Step 7: after the localization procedure was
completed, a CT scan was performed again to assess
any potential complications, such as pneumothorax
or hemorrhage. This step ensured the accuracy of
the localization and guided subsequent surgical
treatment.

The patient was then transferred back to the ward for
further management and surgical intervention.

The following steps were followed for the localization

procedure with a hook wire (Figure 1E-1H):

®,
°

Step 1: similar to the ICG group, the anatomical
location of the pulmonary nodules was analyzed
based on chest CT images. Three-dimensional image
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reconstruction was performed, if feasible, to assess
the relative relationship between the nodules and
surrounding structures.

% Step 2: the target area for localization was selected,
and the appropriate needle entry point, entry angle,
depth, and entry plane were determined based on the
nodule’s location.

% Step 3: similar to the ICG group, a trial puncture was
performed along the preestablished route. A CT scan
was conducted to verify the accuracy of the puncture
route.

% Step 4: once the correct puncture route was
confirmed, a hook wire was inserted using a hook
wire positioning system trocar. If the CT scan
indicated an incorrect trial route, adjustments were
made based on the CT image. The try-on route was
modified, and another CT scan was performed to
confirm the correct route.

% Step 5: the hook wire was released when the
positioning pin was observed to be within 10 mm
of the pulmonary nodule. A subsequent CT scan
was performed to evaluate the presence of any
pneumothorax or bleeding following the positioning.

% Step 6: after the positioning was completed, the tail
wire of the positioning needle close to the skin was
cut off. The skin at the positioning site was covered
with an applicator for protection.

The patient was then returned to the ward for further
surgical treatment.

Main positioning materials and instruments

In the ICG group, the CT-guided puncture needle used
was the Merit Advance AD18T71W (Merit Medical, South
Jordan, UT, USA), an 18 G coreless puncture needle. The
positioning fluorescent agent used was Rado brand ICG
(Dandong Yichuang Pharmaceutical Co., Ltd., Dandong,
China), with a dosage of 25 mg x 1. For intraoperative
fluorescence thoracoscopy, the OPTO-CAM2100
fluorescence camera system was used (Guangdong
OptoMedic Technologies Inc., Foshan, China). The
CT-guided lung puncture kit used was the LW0107 breast
puncture positioning needle (Bard Peripheral Vascular, Inc.,
Tempe, AZ, USA).

Outcome indicators

The outcome indicators of the study were localization
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success rate, positioning operation time, time interval
between positioning and operation, activities after
positioning, localization-related complications, and pain
after positioning, among other recorded parameters.

In the ICG group, the success of localization was
confirmed via a CT scan after the procedure to verify that
the ICG was injected into the vicinity of the pulmonary
nodule. Thoracoscopy was then used for thoracic
exploration. A fluorescence pattern that was not diffuse
indicated successful localization. In the hook-wire group,
positioning success was confirmed via a CT scan showing
that the hook-wire was placed near the pulmonary nodule
within the lung. During thoracic exploration through
thoracoscopic surgery, the positioning was considered
successful if the hook-wire remained in place without
decoupling.

The positioning operation time was considered to be the
duration required to complete the positioning steps 1 to 4.

The time interval between positioning and operation
was defined as the duration between the completion of
positioning and the start of the surgical operation. It
included the time spent returning the patient to the ward
after positioning and the wait before the operation began.

Activities after positioning were categorized into 2
groups based on the ability to move independently. One
group consisted of patients who were able to move freely,
while the other group consisted of patients who were unable
to move independently.

Localization-related complications encompassed
various issues such as pneumothorax, pleural hemorrhage,
intrapulmonary hemorrhage (characterized by a sudden
appearance of a new high-density shadow around the
puncture site in the lung on CT, with or without progressive
enlargement), chest tightness, etc.

Pain after positioning was evaluated using the visual
analogue scale, in which a score of 0 denoted no pain, scores
ranging from 1 to 3 denoted mild pain, scores from 4 to 6
denoted moderate pain, and scores from 7 to 10 denoted
severe pain.

Other recorded parameters included the surgical
method, operation time, postoperative hospital stay, and
postoperative paraffin pathology, which were directly
recorded for both the ICG group and the hook-wire group.

Statistical analysis

Statistical analysis was conducted using SPSS 18.0 software
(IBM Corp., Armonk, NY, USA). Continuous variables
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Table 1 Comparison of basic data between the 2 groups of patients

Wang et al. CT-guided intrapulmonary injection of ICG

Clinical information ICG group (n=62) Hook-wire group (n=66) P value
Age (years) 50.5+13.2 48.4+12.9 0.371
Gender 0.365
Male 17 (27.4) 23 (34.8)
Female 45 (72.6) 43 (65.2)
Smoking history 0.794
Current/ever smoker 12 (19.4) 14 (21.2)
Never smoker 50 (80.6) 52 (78.8)
Nodule size (mm) 9.2+3.0 9.1+£2.7 0.868
Nodule type 0.659
Pure ground-glass nodules 39 (62.9) 39 (569.1)
Partially solid ground-glass nodules 23 (37.1) 27 (40.9)
Nodule location 0.561
Right upper lung 17 (27.4) 21 (31.8)
Right middle lung 4 (6.5) 4 (6.1)
Right lower lung 15 (24.2) 13 (19.7)
Left upper lung 16 (25.8) 21 (31.8)
Left lower lung 10 (16.1) 7 (10.6)
Procedure position 0.885
Supine position 17 (27.4) 38 (57.6)
Prone position 27 (43.6) 12 (18.2)
Lateral position 18 (29.0) 16 (24.2)
Shortest distance from nodule to lung surface (mm) 10.1£7.8 11.8+6.0 0.167

Numeric data are presented as mean + standard deviation and countable data as number (frequency). ICG, indocyanine green.

with a normal distribution are presented as mean + standard
deviation, and between-group comparisons were assessed
using the #-test. For nonnormally distributed variables,
median values and 95% confidential interval are provided,
and between-group comparisons were evaluated using the
rank-sum test. Categorical data are described as frequencies
and percentages, and group comparisons were performed
using the chi-squared test. A P value less than 0.05 was
considered statistically significant.

Ethical statement

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013) and has been
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reviewed by the Ethics Committee of Xinhua Hospital
Affiliated to Shanghai Jiao Tong University School of
Medicine (No. XHEC-D-2022-083). Informed consent was
obtained from all the patients.

Results
Preoperative basic data of the 2 groups of patients

There were no significant differences between the 2
patient groups in terms of gender (P=0.365), age (P=0.371),
smoking history (P=0.794), nodule size (P=0.868), nodule
type (P=0.659), nodule location (P=0.561), or the body
position during puncture (Zable I).
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Comparison of the outcomes of the 2 groups of patients

Both groups of patients achieved successful positioning,
with positioning success rates of 96.8% in the ICG group
and 97.0% in the hook-wire group. The difference between
the 2 groups was not statistically significant.

The positioning operation time of the ICG group
was 22.6x4.4 min, while that of the hook-wire group was
24.1+4.9 min, with the former being significantly shorter
than the latter (P=0.012). In the ICG group, 60 patients
were able to get out of bed and move freely, while 2
patients required closed chest drainage at the bedside due
to moderate to massive pneumothorax after positioning
and remained in bed. In contrast, all patients in the hook-
wire group had to return to the ward and maintain a lying
position without being able to rise from bed. The ICG
group showed significantly better outcomes in this regard
(P<0.001). The time interval between positioning and
operation was [median and interquartile range (IQR)]:
3 (0.7, 104.9) h in the ICG group and 1.2 (0.5, 3.3) h in
the hook-wire group. Patients in the ICG group had the
flexibility to undergo surgery on the same day, every other
day, or every other week, whereas those in the hook-wire
group needed to undergo surgery as soon as possible after
positioning. The optional surgery time was significantly
longer in the hook-wire group (P<0.001).

In the ICG group, there were 11 cases of pneumothorax
after localization, of which 10 had a small amount of
pneumothorax and did not require treatment and 1 had
pneumothorax improve after thoracic closed drainage,
which did not affect the subsequent operation. There were
4 cases of thoracic hemorrhage, all of which included a
small amount of thoracic hemorrhage that was found during
surgical thoracoscopy and did not require special treatment.
In 2 patients, the preoperative CT localization operation
was successful, but after fluorescence mode was activated
during thoracoscopic, we found that the ICG was diffused
and the localization had failed. After we switched to the
normal white light mode, deep staining on the surface of the
needle into the lung was visible, so wedge-shaped resection
was performed according to the deep staining, and a sample
was sent to pathology; the operation was successfully
completed. In the hook-wire group, there were 24 cases
of pneumothorax without special treatment and 15 cases
of thoracic hemorrhage. Among the 15 cases, 2 involved
of moderate or greater thoracic hemorrhage, with active
intercostal arterial bleeding during the operation, which was
resumed after electrocoagulation to stop the bleeding. The
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preoperative CT positioning in 2 patients was successful,
but thoracoscopy revealed that the positioning hook fell
off and did not remain in the chest cavity. The positioning
hooks of these two 2 were found and removed in the
subcutaneous tissue at the skin puncture site, and CT was
performed during the operation. The anatomical location of
the suggested pulmonary nodule was performed. Compared
to the hook-wire group, the ICG group had a significantly
lower frequency of pneumothorax (P=0.018) and pleural
oozing (P=0.007).

Pain assessment following positioning was also a
significant aspect of this study. In the ICG group, 60
patients reported no significant pain or only mild pain,
while 2 patients experienced moderate to severe pain. In the
hook-wire group, 56 patients reported no significant pain
or only mild pain, while 10 patients experienced moderate
to severe pain. Regarding pain after positioning, the ICG
group exhibited significantly superior outcomes than did
the hook-wire group based on the Visual Analogue Scales
(VAS) score (P=0.031; Table 2).

Comparison of surgical conditions between the 2 groups

Both groups initially underwent wedge resection for the
treatment of pulmonary nodules. The operation time
for wedge resection in the ICG group was 30.5+8.4 min
while that of the hook-wire group was 33.5+7.1 min. The
operation time for wedge resection in the ICG group was
significantly shorter than that in the hook-wire group
(P=0.029). The postoperative hospital stay in the ICG group
was 4.8+1.6 days, which did not represent a significant
difference compared to the 4.6+1.2 days in the hook-wire
group (P=0.287).

Regarding postoperative pathology, there was 1 benign
nodule, 4 cases of atypical adenomatous hyperplasia (AAH),
15 cases of adenocarcinoma in situ (AIS), 32 cases of
minimally invasive adenocarcinoma (MIA), and 10 cases of
adenocarcinoma (AD) in the ICG group; in comparison, there
was] benign nodule, 4 cases of AAH, 16 cases of AIS, 36 cases
of MIA, and 9 cases of AD in the hook-wire group (Zable 3).

Discussion

In recent years, the advancement of high-resolution CT
and other imaging technologies has led to the increased
detection of early-stage lung cancers presenting as GGNs
in the lungs (8,9). The progression of these lesions is
often characterized by nodule enlargement or increased
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Table 2 Comparison of the positioning of patients in the 2 groups

Wang et al. CT-guided intrapulmonary injection of ICG

Clinical item ICG group (n=62) Hook-wire group (n=66) P value

Success rates 60 (96.8) 64 (97.0) 0.975

Duration of location procedure (min) 22.6+4.4 24.1+4.9 0.012

Time interval between positioning and surgery (h) 3(0.7,104.9) 1.2 (0.5, 3.3) <0.001

Getting out of bed after positioning <0.001
Getting out of bed 60 (96.8) 0 (0.0
Inability to get out of bed 2(3.2) 66 (100.0)

Positioning-related complications 0.595
Pneumothorax 11 (17.7) 24 (36.4) 0.018
Bleeding in the chest cavity 4 (6.5) 15 (22.7) 0.007
Positioning hook displacement/ICG diffusion 2(3.2) 2 (3.0) 0.975

Pain level after positioning 0.031
Mild or no pain 60 (96.8) 56 (84.8)

Moderate or severe pain 2(3.2) 10 (15.2)

Numeric data are presented as the median (IQR) for nonnormally distributed data or mean + standard for normally distributed data, with
countable data expressed as number (frequency). ICG, indocyanine green; IQR, interquartile range.

Table 3 Comparison of intraoperative and postoperative condition of the 2 groups

Observation indicator ICG group (n=62) Hook-wire group (n=66) P value
Wedge resection operation time (min) 30.5+8.4 33.5+7.1 0.029
Postoperative hospital stay (days) 4.8+1.6 4.6+1.2 0.287
Postoperative pathology 0.926

Inflammatory 1(1.6) 1(1.5)

AAH 4 (6.5) 4 (6.1)

AIS 15 (24.2) 16 (24.2)

MIA 32 (51.6) 36 (54.7)

AD 10 (16.1) 9 (13.6)

Numeric data are presented as mean + standard deviation and countable data as number (frequency). ICG, indocyanine green; AAH, atypical
adenomatous hyperplasia; AlS, adenocarcinoma in situ; MIA, microinvasive adenocarcinoma; AD, adenocarcinoma.

solid components, and timely follow-up and early surgical
intervention are crucial for effective treatment (10,11). Due
to their small size, low density, and challenging accessibility
during surgery, thoracoscopic minimally invasive surgery
following preoperative localization has emerged as an
optimal surgical approach. However, there remains a
considerable debate regarding the safest and most efficient
methods for preoperative localization given the unique
characteristics of pulmonary GGNs (12,13).
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Park er al. reported that lipiodol had a high success rate
in localizing pulmonary nodules and caused less bleeding.
However, the use of intraoperative fluoroscopic imaging
with a C-arm machine increased the complexity of the
operation and exposed patients to radiation. This implies
that the procedure may be more challenging and entail a
degree of risk due to the need for specialized equipment
and radiation exposure (14). Wen et 4l. indicated that
microcoils had a positive effect in locating small pulmonary
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nodules. However, the soft texture of the microcoil and
reliance on the operator’s palpation sometimes leads
to prolonged operation times and increased radiation
exposure. This suggests that procedures using microcoils
may be more time-consuming and carry a higher risk
of radiation exposure due to the difficulty in accurately
locating nodules (15). Hu et /. found that 3-dimensional
navigation puncture-free positioning could avoid the
drawbacks associated with puncture. This method was used
for localizing GGNs in the central area of lung segments or
subsegments, close to blood vessels. However, the process
was relatively complex, requiring high intraoperative
navigation and operational skills. This suggests that
procedures using 3-dimensional navigation are more
intricate and demand skilled operators (16). Hook-wire is
another commonly used preoperative positioning method
that offers convenience and accurate positioning (17).
However, it has the drawback of leaving the positioning
wire in the body, which runs through the skin surface
to the lung tissue (18). Patients who undergo hook-wire
localization need to maintain their position at the time of
positioning, avoid movement and coughing, and minimize
wire movement. Prompt surgical intervention is advised
after positioning. This method may cause discomfort for
patients due to the presence of the positioning wire and
potential complications such as accidental injury to blood
vessels during positioning and interference with blood
vessel coagulation, leading to continuous bleeding in the
thoracic cavity. Additionally, there is a risk of decoupling
at the beginning of the operation, especially if the nodule
is located close to the pleura, potentially due to inadequate
anchoring of the hook wire. Previous studies have reported
a success rate of approximately 98% for hook-wire
localization, but occasional cases of decoupling occurred
during the operation, resulting in an overall success rate of
around 94% (excluding decoupling cases) (14,19).

In recent years, there has been growing interest in
fluorescence-guided surgery (FGS) as a potential method
for visualizing and localizing tumors in real-time across
various types of cancer (20). One commonly studied agent
for FGS is ICG, which has been extensively researched
in the context of pulmonary and thoracic malignancies,
mesothelioma, high-grade gliomas, meningiomas, and brain
metastases (21-25). In the detection of lung cancer, 3 main
techniques for administering ICG have been identified:
percutaneous CT-guided injection, intrabronchial
injection, and intravenous injection (26). When locating
undetectable pulmonary nodules, fiberoptic bronchoscopy
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or electromagnetic navigation bronchoscopy is often used,
with ICG being injected through intrabronchial access.
Wang et al. introduced a method that involves injecting
ICG under the guidance of electromagnetic navigation
bronchoscopy for localizing pulmonary nodules (27).
Alternatively, for real-time assessment of surgical margins,
ICG is commonly administered intravenously. Yotsukura
et al. demonstrated that ICG marking may provide a more
precise demarcation of the intersegmental plane compared
to air injection (28).

Currently, virtual-assisted lung mapping (VAL-MAP)
has emerged as a valuable method for localizing pulmonary
nodules (29). This bronchoscopic dye-marking technique
offers advantages, such as reduced complications, compared
to other methods. However, VAL-MAP does have certain
limitations including difficulties in identifying the dye
during resection and on CT images. To address these
limitations, Tokuno er a/. have improved the VAL-MAP
technique by incorporating CT contrast and ICG dye.
Their study demonstrated that surgeons were able to
easily identify 100% of ICG-VAL-MAP markings on CT
scans. The addition of ICG significantly improved the
visibility of the markings compared to VAL-MAP alone.
However, it is important to note that ICG-VAL-MAP
requires the availability of bronchoscopic dye marking
and the installation of a near-infrared (NIR) scope at the
medical institution where the procedure is performed (29).
As an alternative, CT-guided percutaneous intrapulmonary
injection of ICG has been proposed for localizing peripheral
pulmonary GGNs. This method may offer advantages in
terms of cost-effectiveness and convenience compared to
ICG-VAL-MAP. However, further research and clinical
evaluation are necessary to validate the efficacy and safety of
CT-guided percutaneous injection of ICG for this purpose.

To address the limitations of hook-wire positioning, this
study used preoperative puncture positioning with ICG.
The positioning principles and operation steps of ICG
positioning are similar to those of hook-wire positioning,
and the overall success rate of the 2 methods in this study
were not significantly different. However, ICG positioning
offers several of the following advantages.

ICG positioning is straightforward, provides more
chances for accurate localization, and has a relatively
low cost. In this study, the ICG positioning time was
significantly shorter compared to hook-wire positioning
likely due to the absence of hook release and wire truncation
required in hook-wire positioning. ICG localization can be
performed on the day of surgery or a few days prior and is

Quant Imaging Med Surg 2023;13(10):7052-7064 | https://dx.doi.org/10.21037/qims-23-117



7060

well-tolerated by patients. The fluorescence of ICG does
not decay or diffuse during intraoperative localization.
Additionally, the price of ICG is lower than that of the
hook-wire positioning puncture kit.

Additionally, ICG positioning allows for a flexible
surgical plan. ICG appears as a dark blue dye under visible
light, providing an alternative plan for fluorescence diffusion
during surgery. By examining the deeply stained area on
the lung surface under white light mode, clinicians can
clarify the approximate localization. Hook-wire positioning
may occasionally result in significant positioning errors.
To ensure proper incision placement and prevent residual
positioning hooks in the body, an expanded resection range
might be necessary. In contrast, ICG localization eliminates
concerns of foreign body residue. The relative position of
the nodule can be determined based on the deeply stained
area on the lung surface, allowing for flexibility in selecting
the surgical plan.

In the ICG group, the time interval between positioning
and surgery was significantly longer than that of hook-
wire positioning. This is likely because patients experience
minimal discomfort after ICG positioning, and there are
no adverse consequences associated with the movement of
positioning foreign bodies. Therefore, the timing of surgery
can be adjusted flexibly. Unlike hook-wire positioning, ICG
positioning allows for intraday or immediate surgery. One
study has reported that ICG positioning before surgery
results in nodules exhibiting fluorescence the following day.
However, this study mainly focused on solid nodules, and
the imaging effect of GGNs was not clear (30).

In our study, it was found that 21.1% (27/128) of
patients underwent surgery on the day after or later
following ICG positioning, and some patients even
underwent surgery 1 week after positioning due to special
circumstances. Interestingly, the fluorescence of ICG
remained effective without diffusion during this time
period. This demonstrates the durability and stability of
ICG localization. From the patient’s perspective, ICG
positioning resulted in mild pain and a comfortable feeling,
without significantly affecting their normal activities. After
ICG positioning, the patients felt more comfortable and
were able to resume their daily activities. In contrast, the
hook-wire group required patients to keep their position
as unchanged as possible after positioning, leading to
discomfort and limited mobility. The majority (96.8%) of
patients in the ICG group were able to move freely after
positioning. Furthermore, it was observed that hook-wire-
located nodules were generally deeper and farther from the
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pleura as compared to ICG-located nodules. This finding
is important as it suggests that for superficial GGNs, hook-
wire localization carries an increased risk of decoupling. In
contrast, even if ICG-located nodules appeared diffuse in
fluorescence mode, they could still be observed on the lung
surface in white light mode, allowing for salvage surgery in
the hyperstained areas (18,19).

Thus far, few studies have been published comparing dye
localization with other techniques. One study by Ding ez al.
suggested that ICG localization had a lower complication
rate compared to hook-wire localization (31). However, it
is worth noting that our study found a significant difference
in the time interval between positioning and surgery, which
might have influenced the outcomes. Moreover, we found
that ICG markings remained visible on CT scans even
on the next day or week after positioning, attesting to the
long-lasting effectiveness of ICG localization (Figure SI).
Tokuno er al. made advancements in the visualization of
VAL-MAP by incorporating ICG. They reported that this
technique of combining ICG with VAL-MAP (ICG-VAL-
MAP) could be beneficial to the resection of nonpalpable
small lung lesions (29). It is important to note that in our
research, ICG marking was performed without the use of a
bronchoscope, which differs from the bronchoscopic dye-
marking technique used in ICG-VAL-MAP. The different
approaches may have implications for the applicability and
technique of ICG marking. In contrast to our study, that by
Yotsukura et a/. found that ICG imaging could effectively
visualize surgical margins and could be widely applicable in
pulmonary segmentectomy. This suggests that ICG marking
may have a significant role to play in both wedge resection
and segmentectomy of the lung (28). Overall, while there
are some discrepancies among the studies, the use of ICG
marking shows promise in improving the visualization
and localization of pulmonary nodules, offering potential
benefits for various surgical procedures.

Previous studies have reported that CT-guided lung
puncture carries an overall complication rate ranging
from 9% to 54%, with an average of 20%. Common
complications include pneumothorax, thoracic hemorrhage,
and intrapulmonary hemorrhage, with serious complications
requiring surgical treatment occurring in fewer than 5% of
cases (30,32). A notable finding in our study was that the
incidence of pneumothorax was significantly lower in the
ICG group than in the hook-wire group.

In CT-guided lung puncture, thoracic hemorrhage often
results from intercostal blood vessel injury caused by the
puncture needle. However, in the case of ICG positioning,
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there are no residual foreign bodies after the procedure, and
even if intercostal blood vessels are damaged, only minor
bleeding is typically observed. On the other hand, when
using a hook-wire for positioning, the wire remains in the
body, affecting the coagulation process of any intercostal
vascular injury and potentially leading to continuous
thoracic hemorrhage over time (14,30). In our study,
we failed to locate the nodules in 2 patients in the ICG
group due to fluorescence diffusion during the operation.
However, as a result of the distinctive blue dye nature of
ICG, deep staining of the pulmonary pleura could still be
identified in the normal white light mode of fluoroscopy-
assisted thoracoscopy during the surgery. Consequently,
the same surgical outcomes were achieved. In contrast,
after hook-wire positioning and decoupling, identifying
the needle insertion point in the pleural layer becomes
challenging and often results in excessive or inadequate
resection. Moreover, the detached positioning hooks can
be frequently concealed in subcutaneous tissue, requiring
additional time and effort to locate them.

Air embolism is a rare but potentially serious
complication that can occur during percutaneous CT-guided
lung biopsy. The exact mechanism of air embolism in this
context is not yet fully understood, but it is believed to
involve the formation of a fistula between an air-filled space
and a pulmonary vein when the biopsy needle penetrates
through the lung parenchyma. Several risk factors for fistula
formation have been identified in previous studies, including
the length of the needle path through the ventilated lung,
the depth of needle penetration into the nodule, and the
number of biopsy samples obtained (33,34). A recent study
found a higher radiological incidence of air embolism of
3.92%, which was unexpectedly higher than that reported
in previous research; however, it should be mentioned that
many of the detected cases were asymptomatic, and only
0.98% of patients experienced symptoms related to air
embolization (35). In our study, no cases of air embolism
were detected in either the ICG group or the hook-wire
group.

Although the ICG group demonstrated significant
advantages over the hook-wire group in terms of operation
time, positioning, and operation time interval, patient
mobility, and pain level, there was no significant difference
between the 2 groups in terms of the impact on subsequent
thoracoscopic surgery. The postoperative hospital stay
did not show a significant difference between the groups
except for the significantly shorter wedge resection time
in the ICG group. The longer operation time observed
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in the hook-wire group during hand wedge resection may
be attributed to factors such as the need for wire length
adjustment during the procedure (trimming the protruding
part of the wire from the lung surface) and the requirement
for precise incision margin planning (ensuring complete
nodule removal while avoiding wire retention in the body).

Recently, a group of Chinese scholars collaborated
on the release of the Expert Consensus on Preoperative
Assisted Localization ‘Technology for Small Pulmonary Nodules
(2019 Edition) (36). This consensus document provides
a comprehensive overview of current clinical methods
for preoperative localization, analyzing the advantages
and disadvantages of each technique. It emphasizes the
importance of selecting the appropriate localization method
based on the specific conditions of the medical institution.

Based on clinical practice and experience with ICG
positioning, the following key points have been identified:
(I) the concentration of ICG has been fine-tuned through
continuous exploration. Currently, the following steps
are recommended: to dissolve ICG in 10 mL of water for
injection, draw 1 mL of the solution, dilute it to 10 mL with
normal saline, and then draw 1 mL from the diluted solution
using a 1-mL syringe. The injection should be performed
slowly in the vicinity of the lesion. This method has shown
obvious and nondiffusing effects, with a long retention time.
(II) The areas in which ICG positioning is appropriate have
been defined. ICG positioning is particularly suitable for
superficial pulmonary GGNs. However, for nodules located
deep within the lung parenchyma, if they are not affected
by the scapula, ribs, or large blood vessels, the hook-wire
method may be a more feasible option.

A previous study demonstrated that after entering the
human body, ICG binds to proteins and can maintain
fluorescence locally for an extended period. It has a
penetration capacity of up to 10 mm of tissue (37).

Although our study demonstrated the advantages of
CT-guided percutaneous injection of ICG for localization
of peripheral pulmonary GGNs, there are still some
limitations to consider. The assistance of fluoroscopic
thoracoscopy is required for ICG localization, and there
is a possibility of ICG diffusion, which may limit the
penetration of fluorescence and affect the localization of
deep-seated nodules within the lung parenchyma. These
limitations should be further explored, summarized, and
resolved to enhance the effectiveness of ICG localization.

In conclusion, our findings suggest that CT-guided
percutaneous injection of ICG for the localization of
peripheral pulmonary GGNs is a safe, effective, time-saving,
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and convenient technique. It provides benefits such as
facilitating the selection of surgical timing and surgical plan
and is well-tolerated by patients. Overall, this preoperative
localization technique shows promise and warrants further
promotion in clinical practice.
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Figure S1 Case of a 65-year-old female. Intraoperative images of a 65-year-old female with a left upper lung nodule who was operated upon
on day 8 after fluoroscopic localization (A). Preoperative CT of the 65-year-old female (B). Use of CT in positioning of the 65-year-old
female (C). Postoperative specimens of the 65-year-old female (D). White arrow: location of the lesion. CT, computed tomography.
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