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Abstract: Background: Multiple techniques exist for the preoperative localization of small, deeply
located solid or subsolid pulmonary nodules to guide limited thoracoscopic resection. This study
aims to conduct a multi-institutional comparison of three different tomography-guided tracers’
methods. Methods: A retrospective multicenter cross-sectional study was conducted. All patients
suitable for CT-guided tracers with microcoil (GROUP1, n = 58), hook wire (GROUP2, n = 86), or
bioabsorbable hydrogel plug (GROUP3, n = 33) were scheduled for video-assisted thoracoscopic
wedge resection. Outcome variables: successful nodule localization, safety, and the feasibility of
the tracers’ placement. A χ2 test or Fisher’s test for expected numbers less than five and a Kruskal–
Wallis test were used to analyze the categorical and continuous variables, respectively. For the
power calculations, we used G*Power version 3.1.9.6. Results: One hundred seventy-seven patients
underwent the localization and resection of 177 nodules detected with three different CT-guided
tracers. A significant difference was recorded for cancer history (p = 0.030), respiratory function,
Charlson comorbidity index (p = 0.018), lesion type (p < 0.0001), distance from pleura surface
(p < 0.0001), and time between preoperative CT-guided tracers and surgical procedures (p < 0.0001).
Four post-procedural complications were recorded and in GROUP2, four cases of tracer dislocations
occurred. Finally, hook wire group was associated with the shortest surgical time (93 min, p = 0.001).
Conclusions: All methods were feasible and efficient, resulting in a 100% success rate for the
microcoils and the bioabsorbable hydrogel plugs and a 94.2% success rate for the hook wires. Our
results highlight the need to choose a technique that is less stressful for the patient and helps the
surgeon by extending the approach to deep nodules and resecting over the course of several days
from deployment.
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1. Introduction

The use of low-dose computed tomography (CT) scans in high-risk patient screening
programs and for long-term follow-up in cancer patients has led to an increasing number
of detected pulmonary nodules [1].

Although bronchoscopic technologies can be considered the safest and most accurate
tools for diagnosing both central and distal airways, they are often limited by nodule size,
small tissue samples, and a challenging location for conventional approach [2]. Therefore,
in the era of video-assisted thoracic surgery (VATS) and robotic-assisted thoracic surgery
(RATS), radiologists’ guidelines propose limited resections for suspicious nodules, whether
solid or subsolid, even without histologic proof of malignancy [3,4]. Indeed, VATS and
RATS have both been proven to be safe and reliable for oncologic outcomes and are
commonly practiced, offering several advantages such as reduced post-operative pain,
hospital stay, and complications compared with the traditional open approach [5]. However,
these minimally invasive approaches do not allow the digital palpation of the entire lung
parenchyma, making it difficult to localize small and deep pulmonary nodules. Even more
complex is the identification of ground glass opacities (GGOs), especially those with no solid
components. In order to face this problem, various techniques for localizing small, deeply
located subsolid nodules have been described, such as the preoperative percutaneous
insertion of microcoils or hook wires or the percutaneous injection of bioabsorbable plugs,
each with its own advantages and disadvantages [6].

In particular, microcoil placement has a low rate of pneumothorax/hemorrhage; it
can be placed up to 2 days before the operation but requires intraoperative fluoroscopy,
exposing both the patient and the operative team to radiation [6]. The injection of a
bioabsorbable hydrogel plug is a valuable tool for reducing the incidence of post-biopsy
pneumothorax, and due to the long absorption time, it eliminates the need for close
cooperation between the radiological and the surgical procedure [6,7]. Finally, hook wires
do not increase the radiation risk and do not require specialized equipment nor expertise
but are associated with the highest rate of post-procedural pneumothorax, which may
occur in up to 55% of patients; moreover, the surgical procedure needs to be scheduled on
the same day as the CT-guided localization [6].

Therefore, many authors have tried to find the ideal tracer with a high accuracy
rate, a low morbidity rate, minimal patient discomfort, applicability to all areas of the
lung, no radiation exposure, and cost-effectiveness. However, to date, considering the
few retrospective comparative studies published [6], an optimal method of preoperative
localization for pulmonary nodules has not been established.

The current study aims to compare three different radiologic preoperative pulmonary
nodule localization methods using CT guidance (microcoils, hook wires, and bioabsorbable
hydrogel plugs) followed by VATS resection, analyzing the efficacy, safety, and feasibility
of CT-guided tracer placement, in order to provide practical insights for clinical practice.

2. Materials and Methods
2.1. Ethical Statement

This retrospective, multicenter, cross-sectional study was approved by the Institutional
Review Board on 13 September 2023, with the registration number 27582/23/ON. Since
this study is retrospective in nature, individual informed consent was not required. Each
patient had previously signed a general informed consent for scientific purposes upon
admission to the hospital.
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2.2. Study Population

This study involved a review of patients who underwent lung nodule localization with
CT-guided tracers using a microcoil (GROUP1), hook wire (GROUP2), or bioabsorbable
hydrogel plug (GROUP3), followed by subsequent VATS resection between January 2014
and December 2021.

All patients were scheduled to undergo VATS wedge resection (WR) at 4 Italian de-
partments of thoracic surgery: Ancona (GROUP1), Perugia (GROUP2), Bologna (GROUP3),
and Padua (GROUP2-3). The inclusion criteria were as follows:

1. Suspicious subsolid nodules;
2. Solid nodules measuring less than 2 cm and variably profoundly located.

Medical and radiological data were retrospectively reviewed. All marked nodules
included in this study had a peripheral growth. On the contrary, patients with a central lung
nodule did not require CT-guided tracer placement considering they directly underwent
anatomic lung resection (segmentectomy or lobectomy) or resection through the traditional
open approach.

Pre-procedure evaluations, which were comprehensive and thorough, included a
detailed medical history, blood tests, cardiopulmonary assessment, total-body CT scans,
and CT-PET.

All cases were discussed in a multidisciplinary meeting to evaluate the best diagnos-
tic/therapeutic planning. In all patients, a trans-bronchial or percutaneous lung biopsy was
unsuccessful or considered unfeasible due to the nodule position, size, or morphological
aspects (i.e., pure GGOs) that would have put the procedure at high risk of false-negative
results. In response, a proactive approach was taken, proposing CT-guided tracer insertion
and surgery to avoid ineffective procedures and ensure patient safety.

When dealing with subpleural nodules with a GGO aspect, the decision to perform
a surgical resection guided by the tracer was made, taking into consideration the nature
of the lesion and the emphysematous radiological pattern of the lung that might have
hindered intraoperative identification.

The available tracer helped to choose between three techniques. The expertise and
skills of the dedicated interventional radiologists in each institution were utilized, using a
tomography system with standardized protocols and safety radiation protection according
to the European CE mark.

Post-procedural complications included pneumothorax, hemothorax, or other events
requiring immediate treatment.

2.3. Preoperative Nodule Localization
2.3.1. Microcoil

All microcoil positioning included in this study was performed in a CT suite equipped
with a 64-detector CT scanner (LightSpeed VCT, GE Healthcare, Waukesha, WI, USA).
Patients were positioned depending on the location of the lesion and the most appropriate
access mode.

The radiologist delimitated the region of interest with a radiopaque grid. A chest
CT scan was performed to confirm the location of the lesion and to plan the microcoil
positioning. According to thoracic surgeons, the radiologist planned, on the CT images,
the entry point on the skin plane and the target point close to the target nodule. In
particular, the operator marked the entry point on the skin based on coordinates given
by the intersection of grid markers and the CT level. When the needle-tip achieved
the planned nodule margin, the stylet was removed from the needle, and one microcoil
(2 mm × 10 mm, Boston Scientific, Watertown, MA, USA) was pushed into the needle
by the stylet. Microcoils were always placed beyond the nodule in order to mark a sure
free margin of depth for resection. Once the microcoil deployment was completed, a CT
scan was performed to evaluate its position and possible complications. Finally, specific
multiplanar images were reconstructed from the last CT acquisition for the surgeon’s
evaluation and surgical approach planning.
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The mean total dose–length product (DLP) radiation was 870 mGycm (SD ± 175).

2.3.2. Hook Wire

The CT-guided hook wire was positioned on the same day as the planned surgery,
1 to 2 hours prior to surgery. The patient was placed on the CT scan table (Siemens Somatom
Definition AS, Erlangen, Germany; GE Optima 64, Tokyo, Japan) in a position that provided
the shortest access to the nodule. A grid of parallel marks was placed on the patient’s skin,
and the first scan was performed. In collaboration with the radiology technician, the needle
entry point on the skin was marked at the intersection between the CT gantry laser line
at the reference slice and the correct line of the grid. The area was prepped and draped
in the usual sterile fashion. Subsequently, subcutaneous and deep local anesthesia was
administered via a 20 G needle along the intended path of the needle. A second scan was
usually performed with the needle to verify the correct position. Then, a 10.7 cm long 20 G
cannula was inserted towards the target, in a plane deeper than the nodule, ensuring that
the stapler section line (including the entire hook wire) guarantees the complete removal of
the lesion with a safe resection margin. A control scan was performed to check the position
of the wire and to identify any possible complications. Finally, the skin was covered with
sterile gauze, leaving the metal landmark at the center. The patient was placed on a bed in
the same position in which the whole procedure was carried out and then transferred to
the OR for surgery.

The mean total DLP radiation was 815 mGycm (SD ± 215).

2.3.3. Bioabsorbable Hydrogel Plug

The procedures followed the same technique as described previously [6]. Proce-
dures were performed by a staff of 3 interventional thoracic radiologists with 2–15 years
of experience. Patients were positioned on the CT table based on the location of the le-
sion. A conventional chest CT scan with 2.5 mm slice thickness (Philips iCT SP 128, Best,
The Netherlands) was conducted to visualize the lesion and the path for needle insertion.
After entry site cleaning and local anesthesia administration, the operator advanced a
19-gauge coaxial needle step by step using CT images (with multiplanar reconstructions) to
ensure accurate placement. After confirming the correct position of the needle, the sterile
pouch was opened. This kit contained the deployment system with the biopsy tract plug,
which the manufacturer had already preloaded. The BioSentry device (AngioDynamics,
Queensbury, NY, USA) is a dehydrated polyethylene glycol hydrogel that expands as a
solid cylinder (2.5 cm in length by 0.1 cm in diameter) when in contact with lung tissue. The
coaxial introducer needle hub was prehydrated with saline, and the adapter was connected
and secured. The deployment system was then mounted over the coaxial needle and
adapter. The plunger was then pushed, advancing the plug to a predetermined depth
depending on the distance between the skin and the pleura surface. After removing the
needle and the deployment system, the plug expanded to fill the tract. Immediately after
the procedure, a CT scan was performed to identify potential complications [6].

The mean total DLP radiation was 952 mGycm (SD ± 252).

2.4. Surgical Procedure

Due to the peripheral nodule localization, all patients initially were scheduled for
VATS WR for diagnostic purposes.

The surgical procedure was limited to WR in cases of a history of cancer in another
district/benign lesions, patients unfit for lobectomy, or possible multifocal lung cancer.
Completion lobectomy plus systematic lymphadenectomy was performed if intraoperative
diagnosis of non-small-cell lung cancer (NSCLC) was obtained.

The surgical procedures were performed with the patient in a lateral position, using a
triportal/biportal/uniportal VATS approach and double-lumen oro-tracheal intubation for
single-lung ventilation under general anesthesia. Intraoperative fluoroscopy was used to
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locate the microcoil. At the end of the procedure, additional fluoroscopy was performed on
the specimen to check for the presence of the microcoil (Figures 1A,D and 2A).

In the case of hook wires, WR was performed as deep as possible, without the need
for fluoroscopy or an intraoperative CT scan (Figures 1B,E and 2B).

The plug tracer resection was performed under direct vision; if the plug was barely
visible on the surface of the lung, an endoscopic linear ultrasound (ESAOTE LP 4-13, Esaote
SpA, Genoa, Italy) was used (Figures 1C,F and 2C).

Intraoperative frozen sections were always required to confirm the correct nodule
removal, define its nature, and check the suture line in case of tumor.

2.5. Statistical Analysis

Post-procedural complications were defined as events caused by tracers’ deployment,
requiring immediate bedside or surgical treatment.

The outcomes were successful nodule localization, safety, and the feasibility of the
tracers’ placement. Data are represented as the mean and range for continuous variables
and n (%) for categorical variables. A χ2 test or Fisher’s test for expected numbers less
than five and a Kruskal–Wallis test were used to analyze the categorical and continuous
variables, respectively. For the power calculations, we used G*Power version 3.1.9.6.
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Figure 1. Tracers’ placement and intraoperative findings. (A) Intraoperative fluoroscopy finding
before WR: microcoil above the forceps; (B) CT-guided hook wire insertion; (C) CT-guided hydrogel
plug insertion; (D) intraoperative fluoroscopy after WR: microcoil included in the surgical speci-
men with wide free margins; (E) intraoperative finding of hook wire; (F) intraoperative finding of
hydrogel plug.
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3. Results

Over the period between January 2014 and December 2021, 177 patients underwent the
preoperative localization of 177 undetermined lung nodules with the techniques mentioned
above. There were 58 patients (27 males/31 females) in the microcoil group (GROUP1), 86
(43 males/43 females) in the hook wire group (GROUP2), and 33 (20 males/13 females) in
the bioabsorbable hydrogel plug group (GROUP3). The details are shown in Table 1. The
radiological characteristics of the lesions in GROUP1, 2, and 3, respectively, were as follows:
GGO lesions were 10/58, 24/86, and 12/33; subsolid lesions were 0/58, 25/86, and 8/33;
and solid lesions were 48/58, 37/86, and 13/33 (p < 0.0001 Kruskal–Wallis test, see Table 2).

Table 1. Clinical details.

Variables GROUP1
Microcoil

GROUP2
Hook Wire

GROUP3
Plug p-Value

Age 66 (24–83) 61 (9–85) 63 (23–79) 0.058

Sex 0.425

Male 27/58 43/86 20/33

Female 31/58 43/86 13/33

Smoking history 0.507

Never 21/58 35/86 13/33

Current 11/58 8/86 6/33

Previous smoker 26/58 43/86 14/33

Cancer history 0.030

None 16/58 38/86 13/33

Lung 2/58 9/86 2/33

Other 40/58 38/86 16/33

Both 0/58 1/86 2/33

Respiratory function, mean%
(range)

FEV1% 97 (33–134) 85 (38–118) 97 (33–134) 0.004

DLCO% 76 (33–137) 100 (62–139) 76 (18.49–119) <0.0001

Charlson comorbidity index, mean (range) 6 (1–10) 5 (0–9) 5 (2–9) 0.018

FEV1: forced expiratory volume in the first second; DLCO: diffusing capacity of the lungs for Carbon Monoxide.

One hundred and seventy-seven nodules were localized and resected. No differences
in the smoking history, sex, age, lesion size at the CT scan and at the pathological specimen,
and post-surgical complications were detected (see Table 2). Moreover, no statistically sig-
nificant correlation was found between the post-operative complications and comorbidity
(p = 1.000) or Charlson index (p = 0.953). However, smokers developed more complications
compared with previous smokers (p = 0.010), even if no difference was found between the
two groups in terms of the Charlson comorbidity index (p = 0.360).

The mean time elapsed between the preoperative localization and surgical procedure
was 30 h (4–96) for microcoils (GROUP1), 6 h (4–88) for hook wires (GROUP2), and 143 h
(4–2592) for bioabsorbable plugs (GROUP3) (p < 0.0001 Kruskal–Wallis test). However,
this delay did not impact on the post-procedural and post-operative complications. For
GROUP2, the delay between marking and surgery was due to unexpected emergencies (i.e.,
lung transplant) in one institution (Padua) that prolonged the time for surgery planned
on an elective day. For GROUP3, the surgery was conducted at almost four months after
the CT-guided deployment in a GGO lesion due to the reluctance of the patient to undergo
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the surgical procedure. The GGO was resected and found to be an atypical adenomatous
hyperplasia in the final pathological report.

Table 2. Radiological, surgical, and pathological details.

Variables GROUP1
Microcoil

GROUP2
Hook Wire

GROUP3
Plug p-Value

Lesion type <0.0001

GGO 10/58 24/86 12/33

Subsolid 0/58 25/86 8/33

Solid 48/58 37/86 13/33

Lesion size at CT, mean cm
(range) 1.23 (0.4–2.4) 1.25 (0.14–2.9) 1.38 (0.1–2.4) 0.200

Lesion size at specimen, mean cm (range) 1.05 (0.3–2.4) 1.13 (0.14–2.4) 1.13 (0.1–2.4) 0.782

Distance from pleura, mean cm (range) 1.63 (0–4) 0.87 (0–3.1) 1.55 (0.4–4.1) <0.0001

Time between tracer positioning and surgical
resection, mean hours (range) 30 (4–96) 6 (4–88) 143 (4–2592) <0.0001

Post-procedural complications 1/58 1/86 2/33 n.d.

Surgical procedure upfront - 1/86 - 0.071

WR 47/58 66/86 17/33 0.008

Segmentectomy 1/58
rS2

3/86
rS9-10

rS6
rS1-2

4/33
Lingula-sparing-

lobectomy
rS6
rS3

Lingula

0.008

Completion of lobectomy 10/58 17/86 12/33 0.008

Surgical time, mean minutes (range) 112 (30–240) 93 (20–240) 150 (15–355) 0.001

Lymphadenectomy 11 27 21 <0.0001

Post-surgical complications 6 8 2 0.785

Days of chest drain, mean (range) 3 (1–19) 3 (1–20) 3 (1–13) 0.244

Histology

Primary lung neoplasms 28/58 51/86 18/33 0.595

Secondary lung neoplasms 23/58 23/86 10/33 0.595

Not malignant lesions 7/58 12/86 5/33 0.595

GGO: ground glass opacity; CT: computed-tomography; WR: wedge resection.

During intraoperative thoracoscopic nodule localization, the use of microcoils and
bioabsorbable hydrogel plugs resulted in a 100% success rate. However, in GROUP2, there
were four cases of tracer dislocations. Despite this, thoracoscopic nodule resection was
still possible because the puncture on the visceral pleural surface was visible. In addition,
one more patient from GROUP2 required a salvage lobectomy due to an intraparenchymal
hemorrhage following the tracer’s deployment, resulting in a success rate of 94.2%.

Four post-procedural complications required intervention: one pneumothorax in
GROUP1 (1.72%); one intraparenchymal hemorrhage requiring a straightforward lobec-
tomy in GROUP2 (1.16%); and one pneumothorax and one hemothorax in GROUP3 (6.06%).
A significant difference was recorded for cancer history, respiratory function, Charlson
comorbidity index, lesion type, distance from pleura surface (mean distance was 1.63 cm,
0.87 cm, and 1.55 cm in GROUP1, GROUP2, and GROUP3, respectively—p < 0.0001
Kruskal–Wallis test), and lymphadenectomy (11/58 in GROUP1; 27/86 in GROUP2; 21/33
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in GROUP3—p < 0.0001). The mean CT-guided intervention time was 25 min (range,
20–30 min) for GROUP1, 30 min (range, 25–35 min) for GROUP2, and 28 min (range, 21–33)
for GROUP3.

A significant difference in the length of surgical time was found (p = 0.001 Kruskal–
Wallis test): 112 min (range 30–240), 93 (range 20–240), and 150 (range 15–355), respectively,
for GROUP1, 2, and 3, including the average time needed by the pathologist for the frozen
sections (30 min). This can be explained because in GROUP3 we had a higher percentage of
anatomical resections with lymphadenectomies (48.48%) compared to the other two groups
(18.9% GROUP1 and 23.2% GROUP2). No thoracotomy was required for the intraoperative
identification of the nodules.

Histology revealed ninety-seven lung cancers (54.80%; eighty adenocarcinomas, ten
squamous cell carcinomas, seven typical carcinoids), fifty-six metastases (31.6%), and twenty-
four benign lesions (13.6%). The margins from all surgical specimens were free of disease.

Post hoc analysis revealed that this study had 0.8482739 power to detect a 0.25 effect size.

4. Discussion

Lung cancer screening programs for high-risk patients and CT follow-up in patients
with a history of cancer have led to an increase in the detection of lung nodules [1]. Despite
the vital help of radiologists’ guidelines, managing an indeterminate pulmonary nodule
may be difficult. Sometimes, in the case of suspicious lesions, trans-bronchial or CT-guided
biopsy may be limited by the nodules’ location or small size. In these cases, a limited VATS
resection for definitive diagnosis/treatment may be suggested [3,4].

Although VATS has become common practice, problems arise with small, deeply
located subsolid lesions. It has been reported that lesions presenting one of the following
characteristics on CT scans may be difficult to localize during VATS: (1) a diameter measur-
ing 10 mm or less, (2) nodule deep to the pleural surface, and (3) a subsolid component [8].
In a study by Suzuki et al., the risk of failure in detecting a nodule during VATS was 63% if
the nodule was more than 5 mm deep to the pleural surface and less than 10 mm in size [9].

The ideal characteristics of an intraoperative localization device have been described: a
high accuracy rate, a low morbidity rate, minimal patient discomfort, applicability to all ar-
eas of the lung, no radiation exposure, and cost-effectiveness. Accordingly, many techniques
have been developed, including microcoil placement, hook wires, bioabsorbable hydrogel
plugs, contrast media, radiotracers, injection dyes, a fluorescence tracer with near-infrared
imaging, a CT fluoroscopy-guided injection of Cyanoacrylate, endobronchial ultrasound,
and electromagnetic navigation bronchoscopy, each with advantages/limitations [10]. Mi-
crocoil placement has a low rate of pneumothorax/hemorrhage but requires intraoperative
fluoroscopy, exposing both the patient and the operative team to radiation; migration with
localization failure has also been described in up to 10% of patients. Moreover, they can be
placed up to 2 days before the operation [6].

Contrast media are retained in the parenchyma for up to 3 months, eliminating the
need for close cooperation between interventional radiology and the operative room (OR);
inflammatory tissue reactions and embolisms have been reported [10].

CT-guided dye injection is a convenient method, but it quickly spreads into the sur-
rounding parenchyma, making the identification of the nodule challenging, especially in
patients with anthracotic pigmentation [9]. Intraoperative ultrasound is a non-invasive
procedure that requires the complete collapse of the lung (which, in the case of emphysema,
may be time-consuming), dedicated probes, and special skills, just like electronavigation
bronchoscopy with dye injection, which is performed in the OR under general anesthe-
sia [11,12].

The bioabsorbable hydrogel plug is a desiccated polyethylene glycol hydrogel that
self-expands when in contact with lung tissue. This device was first described by Ahrar
et al. as a valuable tool for reducing the incidence of post-biopsy pneumothorax [13], so the
expected advantage, if used for the preoperative localization of lung nodules, is a reduction
in the incidence of post-localization pneumothorax. Moreover, the plug is absorbed in 6 to
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9 months, eliminating the need for close cooperation between the interventional radiology
and the OR. In a study by Giunta et al., the technique was employed in three patients with
good results for the intraoperative localization of small nodules/GGOs. All patients un-
derwent successful nodule resection with clear intraoperative identification of the plug [7].
These data were subsequently confirmed in a series of 24 patients who underwent pre-
operative localization followed by VATS resection. In this series, only one patient (4%)
developed a symptomatic pneumothorax; intraoperative nodule identification/resection
was always achieved, even in the three patients (12.5%) in whom the dislodgment of the
tracer occurred [14].

Hook wires do not increase the radiation risk and do not require specialized equipment
nor expertise but are associated with a higher rate of dislodgement and pneumothorax
than microcoils; moreover, the OR needs to be scheduled on the same day as the CT-guided
localization. The reported complications are pneumothorax, parenchymal hemorrhage,
hemoptysis, air embolism, and dislodgment.

Hook wire positioning has the highest rate of post-procedural pneumothorax, which
may occur in up to 55% of patients. Several risk factors have been identified, such as the
trans-fissural/trans-emphysema approach, localization of multiple nodules, and depth of
insertion [15,16].

The reported incidence of dislodgment is 7.5% for hook wires [6], 0.6–7% for micro-
coils [17–20], and 12% for bioabsorbable hydrogel plugs [14]. In our experience, 4/86 patients
(4.65%) belonging to GROUP2 experienced tracer dislodgment during VATS. As reported
by Mullan, hook wire dislodgment can occur during three different moments: during
the transportation of patients to the OR, during the deflation of the lung, and during
the intraoperative manipulation of the lung [21]. It is possible that in these patients, a
post-procedural and undetected pneumothorax developed, producing a pulling of the
intraparenchymal portion of the hook wire and finally leading to dislodgment [22].

We reported a 94.2% location success rate with the hook wire and a 100% location
success rate with the microcoil or bioabsorbable hydrogel plug. Our results align with
the literature data for the microcoil and hook wire, although the latter yields a widely
variable localization success rate, ranging from 93% to 99% [8,23–26]. In line with the
literature, hook wire dislodgment did not interfere with nodule resection, which was still
possible because the puncture site was visible on the pleural surface, allowing for the easy
identification and resection of the nodules [15,16,26–30].

Moreover, analyzing the surgical implications of a rapid and accurate nodule identi-
fication, CT-guided tracers together with the recent advancements in radiological recon-
struction software and 3D modeling, can help the surgeon for a more precise and faster
bronco-vascular dissection, particularly during VATS segmentectomies [31]. Additionally,
for small pure GGO nodules, and especially for patients with multiple lesions, a limited
WR may be the appropriate therapeutic choice. In these cases, the use of a tracer is valuable
for achieving a complete resection and for accurate pathological evaluation afterward.

Finally, CT-guided tracers could play a crucial role for future potential applications
in the setting of virtual-assisted lung mapping (VAL-MAP) before thoracoscopic seg-
mentectomies [32]. Indeed, due to the increased spread of anatomic segmentectomy for
older patients with comorbidities and younger patients with early-stage lung cancer or
GGO [33], CT-guided percutaneous procedures can guarantee an accurate evaluation
of the target pulmonary lesion and, consequently, an adequate safety margins from the
intersegmental plane.

Confirming this, a retrospective cohort study reported that nineteen of twenty-four
patients undergoing thoracoscopic segmentectomy after VAL-MAP had preoperative CT-
guided percutaneous nodule localization, fifteen with dye and microcoils and four with
dye only, demonstrating a success rate of 70.3% (71/101 marking attempts) [34].

Our study has certain limitations, such as a small patient group and an uncontrolled
comparison between the three methods, which could lead to selection bias. Hence, no
causality can be established, and definitive conclusions cannot be drawn. Therefore, this
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study is exploratory, and prospective trials are necessary to confirm the results identified
during our analyses.

In conclusion, all methods were feasible and effective, resulting in a 100% success
rate for the microcoil and the bioabsorbable hydrogel plug and a 94.2% success rate for
the hook wire, in intraoperative thoracoscopic nodule localization. This emphasizes the
importance of selecting a technique that is less invasive for the patient and may expand the
approach not only to deep nodules but also to their resection over several days from the
initial deployment. In particular, the bioabsorbable plug has expanded the potential for
intervention beyond the four-day period following deployment, a possibility not observed
in the microcoil and hook wire groups.
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