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Effect of preoperative three-dimensional modeling on uniportal video-assisted
thoracoscopic bronchial sleeve resection and early postoperative outcomes

Uniportal video yardimli forakoskopik brongiyal sleeve rezeksiyonda ameliyat dncesi i¢ boyutiu
modellemenin etkisi ve ameliyat sonrasi erken dénem sonucglar

Selcuk Gurz' ©, Aysen Sengul’

Yurdanur Sullu®*®, Asli Tanrivermis Sayit*

, Yasemin Buyukkarabacak’

, Mehmet Gokhan Pirzirenli’
, Hasan Gundogdu®

, Necmiye Gul Temel?®,
, Ahmet Basoglu’

Institution where the research was done:
Ondokuz Mayis University Faculty of Medicine, Samsun, Turkiye

Author Affiliations:
'Department of Thoracic Surgery, Ondokuz Mayis University Faculty of Medicine, Samsun, Turkiye
2Department of Thoracic Surgery, Samsun Education and Research Hospital, Dr. Kamil Furtun Chest Diseases and Thoracic Surgery Hospital
Additional Service Building, Samsun, TUrkiye
3Department of Pathology, Ondokuz Mayis University Faculty of Medicine, Samsun, TUrkiye
‘Department of Radiology, Ondokuz Mayis University Faculty of Medicine, Samsun, Turkiye
SDepartment of Radiology, Samsun University Faculty of Medicine, Samsun, Turkiye

ABSTRACT

Background: The aim of this study was to evaluate the effects of preoperative
three-dimensional (3D) modeling on the performance of uniportal video-assisted
thoracoscopic bronchial sleeve resection and early postoperative outcomes.

Methods: A total of 10 patients (5 males, 5 females;
mean age: 53.8+16.9 years; range, 18 to 75 years) who underwent
uniportal video-assisted thoracoscopic bronchial sleeve resection with
preoperative 3D modeling between April 2021 and November 2023
were retrospectively analyzed. Preoperative 3D modeling was prepared
using computed tomography with an open-source 3D software program.
Demographic, clinical, intraoperative, and postoperative data of the
patients were recorded. Anatomical landmarks identified by preoperative
3D modeling were compared with intraoperative findings.

Results: The anatomical landmarks created with the 3D model were
in 100% agreement with the intraoperative findings. The procedures
performed were three left lower lobes, three right upper lobes, one middle
lobe, one right lower lobe, and one parenchyma-sparing intermediate
bronchial sleeve resection. Bronchial sleeve resection was completed using
uniportal video-assisted thoracoscopic technique in 90% of patients, with
only one patient requiring conversion to open thoracotomy. The mean
resection time was 264.2+40.5 min, and the mean anastomosis time was
86.0+20.3 min. Anastomosis times decreased with increasing experience
(p=0.008). Postoperative atelectasis was observed in two patients, and there
was no mortality. The mean follow-up duration was 12.2+11.8 months.

Conclusion: Preoperative 3D modeling significantly contributed to the
successful implementation of uniportal video-assisted thoracoscopic
bronchial sleeve resection surgery. In the future, with advancements
in simulation programs, patient-specific 3D modeling is expected to
benefit the identification of anatomical landmarks for bronchial sleeve
resections.
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Amag: Bu caligmada, ameliyat 6ncesi ti¢ boyutlu (3D) modellemenin uniportal
video yardimli torakoskopik bronsiyal sleeve rezeksiyonun performans: ve
ameliyat sonrasi erken donem sonuglari iizerindeki etkileri degerlendirildi.

Calisma plani: Nisan 2021 ve Kasim 2023 tarihleri arasinda ameliyat
oncesi 3D modelleme ile uniportal video yardimli torakoskopik
brongiyal sleeve rezeksiyon uygulanan toplam 10 hasta (5 erkek, 5 kadin;
ort. yas: 53.8+16.9 yil; dagilim, 18-75 y1l) retrospektif olarak analiz edildi.
Ameliyat oncesi 3D modelleme, agik kaynakli bir 3D yazilim programi
ile bilgisayarl1 tomografi kullanilarak hazirlandi. Hastalarin demografik,
klinik, ameliyat sirast ve ameliyat sonrast verileri kaydedildi. Ameliyat
oncesi 3D modelleme ile belirlenen anatomik isaretler ameliyat sirasi
bulgularla kargilastirildi.

Bulgular: Ug boyutlu model ile olusturulan anatomik isaretler ameliyat
sirast bulgularla %100 uyumluydu. Uygulanan islemler ii¢ sol alt lob, ti¢
sag lst lob, bir orta lob, bir sag alt lob ve bir parankim koruyucu ara
bronsiyal sleeve rezeksiyon idi. Hastalarin %90'inda bronsiyal sleeve
rezeksiyon uniportal video yardimli torakoskopik teknik kullanilarak
tamamland1 ve sadece bir hastada agik torakotomiye doniisiim gerekti.
Ortalama rezeksiyon siiresi 264.2+40.5 dk ve ortalama anastomoz
siiresi 86.0+£20.3 dk idi. Anastomoz siireleri deneyim arttik¢a azaldi
(p=0.008). Tki hastada ameliyat sonras1 atelektazi gozlendi ve mortalite
olmadi. Ortalama takip siiresi 12.2+11.8 ay idi.

Sonug¢: Ameliyat oOncesi 3D modelleme, uniportal video yardimli
torakoskopik bronsiyal sleeve rezeksiyon cerrahisinin bagarili bir sekilde
uygulanmasina Onemli Ol¢iide katkida bulundu. Gelecekte, simiilasyon
programlarindaki ilerlemelerle birlikte, hastaya 6zgii 3D modellemenin
brongiyal sleeve rezeksiyonlar icin anatomik isaretlerin belirlenmesinde
fayda saglamasi beklenmektedir.

Anahtar sozciikler: Bronsiyal sleeve rezeksiyon, li¢ boyutlu modelleme, uniportal, video
yardimli torakoskopik cerrahi.
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Preoperative 3D modeling on uVATS sleeve resection

Bronchial sleeve resection (BSR) is a safe
technique widely used in the surgical treatment
of lung cancer. The main aim is to maximally
preserve respiratory function using a parenchyma-
sparing surgical approach with negative surgical
margins."! Video-assisted thoracoscopic surgery
(VATS) BSR was first reported in the literature in
2002.” With the recent developments in VATS, the
risks of morbidity and mortality have been shown to be
significantly lower in VATS BSR than in conventional
thoracotomy.”>! However, Gonzales-Rivas et al.l”!
reported VATS BSR through a single incision, taking
the minimally invasive method further using the
uniportal technique.’"

Uniportal VATS (uVATS) BSR is not widely
preferred owing to its complicated technique.® In
recent years, preoperative three-dimensional (3D)
modeling has been widely used to identify anatomical
landmarks to overcome difficulties in lung surgery.
Three-dimensional modeling of the lung can
significantly improve preoperative surgical planning
as it provides more detailed visual data than a normal
computed tomography (CT) image for assessing
bronchovascular anatomy and can simplify the complex
procedure by making it easier to assess the patient's
specific anatomy. As there are many variations in
pulmonary arteries and veins, a detailed preoperative
understanding of the patient's specific anatomy can
contribute to the safe performance of lung surgery and
prevent complications.”’ In centrally located tumors, it
can contribute to the intraoperative analysis of complex
anatomy by determining anatomical landmarks.
Therefore, in our study, we aimed to evaluate the effects
of preoperative 3D modeling on the performance of
uVATS BSR, a complex procedure, and to present early
postoperative results.

PATIENTS AND METHODS

A total of 86 patients who underwent preoperative
planning with 3D modeling at the Ondokuz Mayis
University Health Practice and Research Hospital
between April 2021 and November 2023 were
retrospectively analyzed. Ten patients (5 males,
5 females; 53.8+16.9 years; range, 18 to 75 years)
who underwent uVATS BSR were included in this
study. Baseline data, including 3D modeling and
intraoperative video recordings, were also evaluated.
Demographic, pathological, and pre- and postoperative
data were obtained from the digital database of
our hospital. All the patients were discussed by
a multidisciplinary lung oncology council. Positron
emission tomography, brain magnetic resonance

imaging, complete blood count, coagulation profile,
and biochemical parameters were also evaluated.
Preoperative endobronchial examination with flexible
bronchoscopy and mediastinal invasive staging were
performed before resection.

Bronchial sleeve lobectomy criteria were as
follows: (i) centrally located tumors extending to the
main bronchus or invading the intermediate bronchus,
(ii) adequate respiratory capacity for lobectomy,
(iii) age >18 years, (iv) body mass index <40, (v) no
mediastinal lymph node involvement, and (vi) not
receiving neoadjuvant/definitive chemoradiotherapy.
Patients with peripheral tumors suitable for
lobectomy and segmentectomy, distant metastasis,
and hilar/peribronchial calcific lymph nodes were
excluded.

Three-dimensional reconstruction and planning

All patients underwent preoperative CT imaging
using a 64-detector multidetector CT scanner
(GE Healthcare Discovery CT750 HD scanner;
GE Healthcare, Milwaukee, WI, USA), and iohexol
(Opaxol) as a contrast agent [70 mL of nonionic
contrast agent (350 mg I/MI)] was injected into the
antecubital vein at 2 mL/sec via a power injector.
The DICOM (Digital Imaging and Communications
in Medicine) data were transferred to a dedicated
workstation. Based on the contrast-enhanced CT
images, 3D modeling was performed with a software-
based evaluation using the software tools “Segment
Editor” and “Segmentation” of the open-source 3D
Slicer software version 5.1.1 (https://www.slicer.org).
For optimal results, contrast-enhanced CT images
with a slice thickness of 1.25 mm or less were used
for 3D modeling. Lung reconstruction was performed
by identifying and segmenting the pulmonary
bronchovascular structures and by placing the tumor.
The use of contrast medium combined with accurate
contrast timing allows the system to automatically
perform 3D modeling of pulmonary arteries and veins
(Figure 1). In addition, tumor extraction was performed
by virtual simulation to visualize the resection site and
extent of the surgical margin. The 3D reconstruction
and virtual simulation of the resection for each patient
were recorded in an interactive video file, in which all
pulmonary structures could be individually selected.
The files were then transferred to a mobile device.
All reconstructions were performed by the operating
surgeon. The patients were evaluated and approved by
two independent radiologists.

Surgical technique

The patient was placed in the lateral decubitus
position, with the side of the procedure pointing upward.
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Figure 1. A 3D model was created after the automatic determination of the arteries and veins in the 3D Slicer program.

Bronchovascular view of the preoperative 3D model of a patient scheduled for surgery for a carcinoid tumor at the
entrance of the right middle lobe can be observed from the model, with the colors being able to be determined by the
user. In this section, the pulmonary arteries are colored red, the veins blue, and the tracheobronchial system yellow.

3D: Three-dimensional.

A double-lumen intubation tube was placed, and general
anesthesia with one-lung ventilation was administered.
For uniportal surgery, a single 3- to 4-cm long incision
was made between the anterior and midaxillary line
parallel to the intercostal space at the fourth intercostal
space for upper lobe resections and at the fifth
or sixth intercostal space for lower lobe resections.
The incision was closed by using a silicone wound
protector. A 10-mm 30° thoracoscope (HOPKINS
Forward-Oblique 30° Telescope; Karl Storz, Tuttlingen,
Germany) was used as the camera, and an endoscopic
sealer/separator (LigaSure Maryland Jaw; Medtronic,
Minneapolis, MN, USA) was used as an energy
device for tissue dissection. The preferred surgical
instruments for vascular and bronchial dissection were
the node grasper (snake), dissector clamp, endovascular
clamp, right clamp, and aspirator. Hilar and systematic
lymph node dissections were routinely performed in all
patients to provide more space for lung manipulation.
The dissected vascular structures were ligated and cut
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using an endostapler or polymer clips. The fissure was
completed by closing the parenchyma with a stapler
or energy device. The bronchial structures isolated for
sleeve resection were transected with a long-handled
scalpel and scissors from the locations planned in 3D
modeling (Figure 2). Although secure surgical margins
were achieved macroscopically, all specimens were
sent for intraoperative frozen-section examination
to histopathologically confirm negative resection
margins. Before anastomosis, the secretions in the
proximal and distal bronchial regions were washed
with saline and aspirated. As shown in Figures 3 and 4,
end-to-end bronchial anastomosis was performed with
a continuously running suture technique using a
double-needle monofilament 3-0 polypropylene single
suture. An air leak test was then performed to confirm
the absence of leakage under 30 cmH,O airway
pressure. The anastomotic line was supported by
Tisseel tissue adhesive (Baxter Healthcare Corporation,
Deerfield, 1L, USA). At the end of the procedure,
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Figure 2. (a) Preoperative 3D modeling image and (b) intraoperative bronchial transected image of a patient who
underwent left lower lobe bronchial sleeve resection showing 100% compatibility.

PA: Pulmonary artery; PV: Pulmonary vein; 3D: Three-dimensional.

Figure 3. (a) Preanastomosis image and (b) end-to-end bronchial anastomosis performed with continuously running

suture technique using a double-needle monofilament 3-0 polypropylene single suture.

AA: Arcus aorta; PA: Pulmonary artery.

a 28 French (Fr) chest tube was placed through the same
incision, and negative pressure was provided using a
closed underwater system. Postoperative anastomotic
control and bronchial aspiration were performed by
using a flexible bronchoscope.

Statistical analysis

Statistical analyses were performed using IBM
SPSS version 26.0 software (IBM Corp., Armonk,
NY, USA). Continuous variables were expressed as
the mean + standard deviation (SD) or as the median
[interquartile range (IQR)], while categorical data were

presented as frequencies and percentages (%). The
correlations between variables were assessed using the
Pearson correlation test. A p-value <0.05 was regarded
as statistically significant.

RESULTS

In each patient, RO resection was performed.
Histopathologically negative bronchial surgical
margins were confirmed by pathologists. All operations
were performed in three left lower lobes, three right
upper lobes, one parenchyma-sparing intermediate
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/ A
Figure 4. Image of the patient wi
and (b) after end-to-end bronchial anastomosis with the continuously running suture technique using double-needle
monofilament 3-0 polypropylene single suture (arrows point to the anastomosis line).
IMB: Intermediate bronchus; MLB: Middle lobe bronchus; PA: Pulmonary artery; RUL: Right upper lobe; RML: Right middle lobe.

Table 1. Patient demographics and outcomes (n=10)

n Y% Mean+SD Median IQR

Age (year) 53.8+16.9
Sex

Male 5 50

Female 5 50
Symptom

Cough 5 50

Dyspnea 1 10

Hemoptysis 2 20

Other 2 20
Resection type

RUL 3 30

RML 1 10

RLL 1 10

LUL 1 10

LLL 3 30

Lung sparing 1 10
Histopathology

SCC 5 50

Typical carcinoid 3 30

Mucus gland adenoma 1 10

Lipoma 1 10
Tumor size (mm) 30.0+£19.3
Resection time (min) 264.2+40.5
Anastomosis time (min) 86.0+20.3
Estimated blood loss (mL) 92.0+73.9
Complication

Bleeding 0 0

Prolonged air leak (>5 days) 0 0

Atelectasis 2 20

Pneumonia 1 10
Chest tube removal (day) 2 1-3
Length of stay (day) 4 3-13
Follow-up (month) 12.2+11.8

ZD: Standard deviation; IQR: Interquartile range; RUL: Right upper lobe; RML: Right middle lobe; RLL: Right lower lobe; LUL: Left upper lobe;
LLL: Left lower lobe; SCC: Squamous cell carcinoma.
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Figure 5. Diagram showing the comparison of uVATS BSR
performed after preoperative 3D modeling in terms of surgery
time (p=0.138), anastomosis time (p=0.008), and amount of
estimated blood loss (p=0.377).

uVATS: Uniportal videothoracoscopic; BSR: Bronchial sleeve resection; 3D:
Three-dimensional.

lobe, one middle lobe, one right lower lobe, and one
left upper lobe bronchial sleeve resection (Table 1). The
anatomical landmarks determined by preoperative 3D
modeling were 100% consistent with the intraoperative
findings. The visual relationship of the tumor and
lymph nodes with the bronchovascular structures
was similar to that of 3D modeling. In one patient,
despite the anticipated relationship of the tumor to the
bronchial system in 3D modeling, VATS conversion to
open thoracotomy was necessitated by histologically
positive surgical margins. Subsequently, bronchial
sleeve resection was performed by expanding the
resection margin.

The procedures were completed using a uniportal
approach in 90% of the patients. Only in the case of
conversion to open thoracotomy was the anastomosis
line supported by autologous tissue (pericardial fatty
tissue flap). No anastomotic complications developed
in any of the patients. Atelectasis was diagnosed as an
early complication in two patients. The patients were
treated with pulmonary physiotherapy.

The mean resection time was 264.2+40.5 min,
and the mean anastomosis time was 86.0+20.3 min.
The mean perioperative estimated blood loss was
92.0£73.9 mL. The duration of all procedures was
compared. Anastomosis times shortened with
increasing experience (p=0.008, Figure 5). The median
postoperative chest tube follow-up time was 2 days
(IQR, 1-3 days), and the median hospital stay was
4 days (IQR, 3-13 days).

The mean tumor diameter was 30.0+£19.3 mm.
Histopathological examination revealed keratinized

squamous cell carcinoma in five (50%) patients,
typical carcinoid in three (30%) patients, mucous gland
adenoma in one (10%) patient, and endobronchial
lipoma in one (10%) patient. The mean follow-up
period was 12.2+11.8 months. The follow-up of the
10 patients remains in progress with no mortality.

DISCUSSION

This study examines the impact of preoperative
planning utilizing 3D modeling on intraoperative
guidance and postoperative outcomes in bronchial
sleeve resections. Three-dimensional modeling was
conducted for all patients based on conventional
multislice CT images using open-source software.
These models were then transferred to mobile
devices for intraoperative use. Videos uploaded to the
mobile devices enabled surgeons to perform a 360°
examination of vascularization and the bronchial tree
in the operating theatre. Intraoperative dissection and
visualization closely mirrored the features depicted in
the 3D models, achieving a concordance rate of 100%.

For bronchial procedures, three different
bronchoplastic methods have been described: simple,
wedge, and sleeve bronchoplasty.!'”! Sleeve resections,
in contrast to other methods, are complex procedures
that demand expertise for execution and are conducted
with acceptable rates of morbidity and mortality.""
Experience from VATS procedures indicates that
VATS BSR is a safely applicable method for all
age groups.'¥ Zhou et al.'1 compared a series of
VATS BSR procedures with open thoracotomy,
demonstrating better postoperative outcomes while
maintaining similar survival rates. Similarly, Deng
et al.l'¥ conducted a meta-analysis, which revealed
that VATS BSR procedures were associated with
significantly reduced intraoperative bleeding and
shorter hospital stays compared to open thoracotomy.
In our study, findings in parallel to the literature
were observed. No adverse effects on patients were
noted despite prolonged operation times. The median
duration of chest tube placement was 2 days (IQR,
1-3 days), and the median length of stay was 4 days
(IQR, 3-13 days).

Uniportal VATS BSR, first reported by Gonzales-
Rivas et al.”! in 2013, has subsequently been adopted by
many surgeons.!'® Previous studies have argued that this
procedure has advantages over open thoracotomy and
conventional VATS.!'®!7) Bertolaccini et al.l'® reported
that the uniportal approach has adequate visualization
for thoracic exploration and sleeve procedures. The
most notable feature of the uVATS technique is the
provision of a visual perspective similar to that of open
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thoracotomy for the surgeon. This visual advantage
is crucial for aligning surgical instruments along the
same axis. Gonzales-Rivas et al." recommended,
based on their shared experience, that surgeons
intending to perform uVATS BSR should undertake
a minimum of 200 VATS lobectomies and at least 20
open sleeve procedures to establish a solid foundation
for anatomical and operative techniques. Despite these
recommendations, advancements in digital technologies
and detailed preoperative simulations, coupled with the
visual advantages of intraoperative videothoracoscopy,
have enabled surgeons to perform complex procedures
using uVATS. The surgeon's first case in this study was
their 42" anatomical resection using uVATS, despite
having no prior experience with sleeve resection
in open surgery.”” We believed that the ability to
perform uVATS BSR without prior experience in sleeve
resection with open thoracotomy could be achieved
through detailed preoperative planning. Despite no
changes in the total resection time as experience
increased, we demonstrated a reduction in anastomosis
times. Nevertheless, regardless of surgical duration,
we believe that adherence to oncological principles to
complete the resection and perform patient suturing
according to the bronchial suture technique with
patience is more crucial in preventing postoperative
complications.

In preoperative planning, pulmonary 3D modeling
can be utilized to identify anatomical landmarks, as
in segmentectomy, even in centrally located tumors.
The greatest advantage of 3D modeling is facilitating
better recognition of anatomical structures during
surgery.? Two-dimensional image series of
contrast-enhanced CT can provide all the necessary
data to analyze lung anatomy. However, these
images are not always sufficient to fully recognize
the spatial relationships between anatomical
structures.” Three-dimensional lung modeling
facilitates surgeons' rapid and intuitive recognition
of anatomy and associated bronchovascular
anomalies.”® Sardari Nia et al.?* argued that
preoperative 3D modeling would allow for a detailed
anatomical delineation of the tumor, enabling
surgeons to perform anatomical radical resections
instead of pneumonectomy. Additionally, the images
can be shared for educational purposes and utilized
for preoperative and intraoperative simulations.?!
In their review, Sandri and Brunelli’®®! stated that
with the advancement of new technologies and the
development of virtual reality, virtual simulation
will become more widely available in a cost-effective
manner, thereby enabling the safe application of
uVATS in all procedures. In this study, 3D modeling,
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initially implemented for segmentectomy surgeries,
was utilized in preoperative planning for centrally
located tumors. We found that preoperatively marked
anatomical landmarks accurately guided the surgeon
intraoperatively, indicating the regions where
bronchovascular structures are located with high
precision. We believe that this advantage provided
by preoperative 3D modeling positively influences
the prevention of intraoperative complications.

The primary goal for sleeve resection is to
preserve nonresectable parenchymal anatomical
structures during dissection and anastomosis. The
bronchial anastomosis part has been the primary
reason that led surgeons to prefer open thoracotomy
over VATS BSR.B! In uVATS, bronchial anastomosis
principles are the same as in open surgery: tension-
free anastomosis, preservation of bronchial
vascularization, use of monofilament sutures, and
tying knots outside the bronchial lumen."?”! Gonzales-
Rivas et al.'”! have suggested the use of monofilament
absorbable sutures for proper placement and to
prevent knot displacement. The use of instruments
and placement of sutures require more attention in
the uVATS approach compared to open thoracotomy.
Initially, the technique of individually placed sutures,
applied in open thoracotomy, was also preferred in
uVATS BSR.*102821 Qver time, the continuously
running suture technique has been adopted due to
its advantages over the individual suture technique.
5781 Additionally, Zhu et al.?% have recommended
the use of the continuously running suture technique,
as no anastomosis-related complications such as
bronchopleural fistula or anastomotic stenosis
were observed, ensuring a safe anastomosis. In our
study, all anastomoses were performed using the
continuously running suture technique. With attention
to anastomotic tension and suture spacing, this
technique resulted in no occurrences of anastomotic
dehiscence or bronchopleural fistula in our cases.

The most common causes of morbidity and
mortality following bronchial sleeve resections are
pneumonia, atelectasis, and complications related
to the anastomosis.'¥ However, the most significant
complications for BSR are bronchial anastomotic
complications, such as bronchopleural fistula,
anastomotic stenosis, and anastomotic dehiscence. In
this study, only two patients developed postoperative
atelectasis, while the rates of postoperative
complications vary in different reports. Gonzales-
Rivas et al.l'!! proposed that VATS BSR is superior
to open surgery in terms of overall complications,
cardiopulmonary complications, and atelectasis.



Gurz§, et al.
Preoperative 3D modeling on uVATS sleeve resection

Martin-Ucar et al.®" reported a mortality rate of 10.5%
(four of 38 patients) due to anastomotic complication
in BSR with open thoracotomy. Nevertheless, two
studies have shown that VATS BSR can be performed
safely without significant complications.**? In our
study, only two cases of postoperative atelectasis were
observed in patients undergoing uVATS BSR, and
there was no mortality. These results are consistent
with previous studies in terms of the frequency of
postoperative complications and mortality rates. The
postoperative atelectasis improved with pulmonary
physiotherapy. Zhou and Sun®! recommended
perioperative respiratory physiotherapy to prevent early
postoperative complications during lung surgeries.
Agostini et al.?¥ reported that bronchial drainage with
pain control and physiotherapy, in combination with
VATS, prevented postoperative atelectasis. However,
these findings should be carefully interpreted, as all
cases were performed by a single experienced surgeon
in uVATS. Additionally, Seitlinger et al.’¥ in their
study comparing VATS lobectomies with VATS sleeve
resections, demonstrated a higher rate of conversion to
open thoracotomy in VATS sleeve resections. In this
study, conversion to open thoracotomy from uVATS
BSR occurred in only one patient, which was presumed
to be associated with the surgeon's experience.

Some limitations should be considered for this
study. First, this is a single-center retrospective
study. In addition, a small number of patients were
included in the study, and the evaluation was based
on the operation performed by a single surgeon.
Consequently, the generalizability of our findings
may be constrained.

In conclusion, preoperative planning with
three-dimensional modeling has significantly
contributed to the successful implementation of
uniportal video-assisted thoracoscopic surgery -
bronchial sleeve resection. Despite being a complex
procedure, uniportal video-assisted thoracoscopic
surgery-bronchial sleeve resection with preoperative
planning using three-dimensional modeling
is an approach that can be safely applied with
increasing experience. The use of three-dimensional
modeling in preoperative planning has positively
impacted visualization, bronchovascular dissection,
demarcation of bronchotomy margins, and
identification of anatomical landmarks for bronchial
reconstruction. In the future, we believe that patient-
specific three-dimensional models will enable the
preparation of complex procedures for simulation
devices during the preoperative period, facilitating
the surgeon's practice.
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