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Abstract: Background: anatomic lung segmentectomies allow accurate resection of pulmonary lesions,
maximizing healthy tissue preservation, and reducing unnecessary loss of lung function. In this
setting, accurate preoperative planning is crucial. We present our early experience, detailing the
successful use of 3D-CT models in tailoring therapeutic strategies for three patients undergoing
complex anatomical lung resections due to neoplastic diseases. Case Presentation: (1) 60-year-old
male patient with significant pulmonary functional impairment underwent successful right lower lobe
bi-segmentectomy (S57-S8) for carcinoid, stage IA1. (2) 65-year-old female patient with previous left
lung resection and functional impairment underwent uneventful right upper lobe bi-segmentectomy
(S51-52) for double lung adenocarcinoma, stage Ilb. (3) 67-year-old male with previous ipsilateral lung
resection underwent left lower lobe segmentectomy (S8) for metastatic colic adenocarcinoma without
any complications. Conclusion: 3D-CT imaging, particularly through vPTM platform, enhances
the safety and precision of complex lung segmentectomy, providing a valuable surgical map for

improved outcomes.
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1. Introduction

Worldwide, lung cancer is still the leading cause of cancer-related mortality [1], and
surgical resection remains the key therapeutic tool. Since the results of the main randomized
trials on sub-lobar resection were published [2,3], lung segmentectomy has been recognized
as the standard of care in very early-stage non-small cell lung cancer (NSCLC). Nowadays
lung cancer surgery is pushing its own boundaries: complex segmentectomies, bilateral
anatomical lung resections, ipsilateral re-do surgeries, all in more and more elderly patients
or with further compromised lung function [4]. In such complex cases the keyword should
be “spare”, preserving as much lung parenchyma as possible, avoiding unnecessary loss of
pulmonary function, and spending as little operative time as possible. Meticulous preoper-
ative planning is mandatory to reach the above-mentioned tenets, which can no longer rely
on standard two-dimensional computed tomography (CT). Recently, three-dimensional
computed tomography (3D-CT) images reconstructing anatomic structures have been
reported to be useful for safe and effective lung anatomical resections [5], allowing to
precisely localize the tumor, to highlight the segmentation and its structures, to identify
surgical margins, to reveal anatomical variations, and ultimately to plan the best surgical
approach. Surprisingly, literature is still lacking reports on application of such innovation
on oncologically complex and surgically challenging cases. We implemented 3D-CT models,
by combining multidetector contrast-enhanced CT and advanced 3D volume-rendering
reconstruction software, Visible Patient™ (VP) (version number: V 1.0.17, Strasbourg,
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France), to enhance preoperative planning for patients undergoing complex anatomical
lung resections due to neoplastic diseases, in order to tailor the best therapeutic approach
for each frail patient. The scanner used was a multidetector CT unit (Siemens Healthcare,
Forchheim, Germany), while the scanning parameters were the following: tube voltage
120 kVp, 70 keV, effective tube current 100-150 mAs, collimator thickness 0.6 mm, and
reconstruction thickness 1 mm. The aim of this study was to share the early experience
of our center in the application of preoperative 3D reconstruction software for surgical
planning of complex lung segmentectomies for challenging oncological cases.

2. Case Presentation
2.1. Case 1

A 60-year-old male patient, heavy former smoker, was referred to our Department due
to accidental finding of basal right lung opacity at a chest X-ray after chest trauma. Total
body CT-scan detected a pulmonary nodule of 13 x 8 mm in the basal anterior segment of
the right lower lobe [Figure 1A-D]. Fluorodeoxyglucose-Positron Emission Tomography
(18FDG-PET) scan identified significant tracer uptake in the nodule (SUVmax 4.5). Pul-
monary function testing (PFT) revealed impaired lung function, with Forced Espiratory
Volume in the 1st second (FEV1) of 65% and Diffusing Capacity of the Lung for Carbon
monoxide (DLCO) of 45%. The CT scan was uploaded on VP-platform, and 3D planning
was provided [Figure 1E-H]. The patient underwent a successful bi-segmentectomy (57-S8)
of the right lower lung lobe, and lymphadenectomy through mini-thoracotomic approach
[Figure 1I-L]. The postoperative course was uneventful, and the patient was discharged on
4th postoperative day. Histologic examination of the sample revealed a typical carcinoid,
pT1aNO (stage IA1). 36 months later, the patient is alive, without evidence of disease.

Figure 1. Cont.
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Figure 1. Radiologic imaging, 3D-model reconstructions, and intraoperative views of Case 1. (A): Ax-
ial slice Chest CT; (B): Coronal slice Chest CT; (C): Axial slice Chest CT with contouring; (D): Coronal
slice Chest CT with contouring; (E): 3D-model showing the nodule within arterial, venous, and
bronchial branches; (F): 3D-model showing the nodule within venous and bronchial branches;
(G): 3D-model showing the nodule within arterial and bronchial branches; (H): 3D-model showing
the nodule within bronchial branches; (I): Intraoperative view, showing arterial segmental branching;
(J): Intraoperative view, showing bronchial segmental branching; (K): 3D-model showing S7-58;
(L): Surgical sample.
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2.2. Case 2

A 65-year-old female patient, former smoker, was referred to our Department due to
accidental finding of three pulmonary nodules during routinary check-up: a nodule was in
the left upper lobe, whereas the other 2 nodules were in the right upper lobe [Figure 2A-D].
18FDG-PET scan detected the three lesions as metabolically active, with SUVmax of 6, 2.5,
and 3.2, respectively. After multidisciplinary discussion, up-front 2-step surgical strategy
was planned: left culmenectomy and right upper lobectomy. The left lesion was firstly
excised through culmenectomy and lymphadenectomy by biportal Video-Assisted Thoracic
Surgery (VATS). The histological examination revealed a lung adenocarcinoma, acinar-
cribriform variant, T1IbNO (stage IA2). 1 month later, the patient was re-assessed for the
second surgical step, but a more-than-expected reduction in DLCO prevented her from
undergoing right upper lobectomy, due to DLCO value of 53%. Therefore, a tailored
solution was adopted, by uploading her CT scan on VP-platform [Figure 2E-H]. A bi-
segmentectomy (51-52) of the right upper lobe and lymphadenectomy was successfully
performed through mini-thoracotomic approach [Figure 21-J]. The patient was discharged
on 3rd postoperative day without any complication. Histological examination revealed
double lung adenocarcinoma, acinar-papillary variant with focal micropapillary aspects,
T3NO (stage IIb). 30 months later, the patient is alive without evidence of disease.

[ S

Figure 2. Cont.
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Figure 2. Radiologic imaging, 3D-model reconstructions and intraoperative views of Case 2. (A): Axial
slice Chest CT; (B): Coronal slice Chest CT; (C): Axial slice Chest CT with contouring; (D): Coronal
slice Chest CT with contouring; (E): 3D-model showing the nodules within arterial, venous, and
bronchial branches; (F): 3D-model showing the nodules within venous and bronchial branches;
(G): 3D-model showing the nodules within arterial and bronchial branches; (H): 3D-model showing
the nodules within bronchial branches; (I): 3D-model showing S1-52; (J): Surgical sample.

2.3. Case 3

A 67-year-old male patient, non-smoker, affected by colorectal adenocarcinoma surgi-
cally treated through sigma-rectum resection 4 years before, was referred to our Department
after finding a slowly growing left lower lobe pulmonary nodule [Figure 3A-C], FDG-PET
positive (SUVmax 2.3), during oncological follow-up. 1 year earlier he had undergone
left upper lobe wedge resection through biportal VATS, for a single lung metastasis of his
known adenocarcinoma. The new lesion was radiologically suggestive for a metastasis,
but a non-anatomic resection was not feasible due to its location within the pulmonary
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parenchyma. Aiming to spare lung tissue and considering the previous lung resection
and the potential need for further resections, a tailored solution was planned. The CT
scan was uploaded on VP-platform [Figure 3D-F]. A segmentectomy (S8) of the left lower
lobe was successfully performed through left completely-muscle-sparing thoracotomy
[Figure 3G-J]. The patient was discharged on 3rd postoperative day, after regular course.
Histological examination confirmed the lesion was a metastasis from the previously known
colic adenocarcinoma. 33 months later, the patient is alive without evidence of disease.

Figure 3. Cont.
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Figure 3. Radiologic imaging, 3D-model reconstructions and intraoperative views of Case 3. (A): Axial
slice Chest CT; (B): Coronal slice Chest CT; (C): Axial slice Chest CT with contouring; (D): 3D-model
showing the nodule within arterial, venous, and bronchial branches; (E): 3D-model showing the
nodule within arterial and bronchial branches; (F): 3D-model showing the nodule within bronchial
branches; (G): Intraoperative view, showing arterial segmental branching; (H): Intraoperative view,
showing bronchial segmental branching; (I): 3D-model showing S8; (J): Intraoperative view, showing
deflated target segment.

3. Discussion

This study presents three challenging real-life oncological cases, successfully managed
using preoperative 3D reconstruction platform VP™, which has allowed us to perform
complex segmentectomies without any other intraoperative aid, such as indocyanine or in-
digo blue. VP™ has allowed us to overcome main criticalities in complex segmentectomies,
providing clear preoperative insight in anatomical variation of broncho-vascular elements,
assessment of intersegmental plan and definition of safe margins of resection. Without the
aid of such preoperative 3D reconstructions, we would have not being able to perform
these complex segmentectomies, probably falling back onto more traditional anatomical
resections at the cost of higher chances of postoperative respiratory complications.

Anatomic segmentectomy enables minimal resection of the lesion, maximizes the
preservation of healthy lung tissue, and mitigates unnecessary loss of lung function [3].
In contrast to wedge resection, segmentectomy guarantees ample surgical margins and
facilitates lymph node sampling, ensuring precise tumor staging [6]. Nonetheless, seg-
mentectomy may elevate the risk of locoregional recurrence along the resection line in
comparison to lobectomy [7]. The primary factors attributed to this recurrence are inade-
quate safety surgical margins and incomplete lymph node clearance.

Indeed, executing an anatomical segmentectomy poses a considerable technical chal-
lenge for surgeons, demanding a comprehensive knowledge of segmental anatomy to
overcome the risk of inadvertently eliminating blood supply or drainage from certain
areas of the remaining pulmonary parenchyma, resulting in preserved structures lacking
proper function [8], which may also explain the lower-than-expected differences in FEV1
and DLCO reduction between patients undergoing segmentectomy compared to those
undergoing lobectomy.
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Numerous studies have explored the viability of employing various imaging software
programs in thoracic surgery [9,10]. Nonetheless, most of these 3D software applications
are both costly and challenging for a surgeon to navigate on a personal computer, besides
providing low-detailed models.

Instead, in our experience the outsourcing of 3D-model rendering is entrusted to the
private company VP™, without any additional task on the referring surgeon, given the
potential complexity and time-intensive nature of the work. After proper data anonymiza-
tion, CT scan images are transferred to VP™, where radiological technicians undertake the
rendering process, meticulously contouring all anatomical structures, up to the fifth level
of division of arteries, veins, and bronchi; then, the software itself automatically performs
the segmentation [9].

VP models have been previously demonstrated to be reliable and accurate [10], allow-
ing for examining individual broncho-vascular elements, conducting virtual resections,
calculating the volume of each segment to analyze its impact on predicted postoperative res-
piratory function, and simulating safety margins. Another crucial element is the possibility
to review 3D models on any device, even on portable supports.

At our Institution, the visualization of 3D images is currently confined to a 2D window.
A forthcoming challenge involves integrating augmented reality to merge live 3D-models
with thoracoscopic images [11]. The primary complexity in thoracic surgery to accomplish
this target arises from the fact that the lung undergoes changes in anatomical configuration
during surgery, since CT scans are conducted with the lung fully inflated, whereas the
surgery is consistently carried out with the lung in a deflated state (single lung ventilation).

Our experience, although being encouraging and interesting, has some limitations:
high costs (800 to 900 euros per reconstruction) still prevent spreading of VP™ throughout
all thoracic centers, even more in those countries where there is a national healthcare
system; 3D reconstructions should be ordered and scheduled beforehand since delivery
can take up to 2 weeks; 3D modeling requires top quality CT scans, with proper injection
phase of contrast medium, and without artefacts.

4. Conclusions

In conclusion, according to our early and limited experience, complex lung segmen-
tectomy could be accurately performed using preoperative 3D-planning offered by VP™
software, which provides a detailed surgical map to improve safety and precision of
pulmonary resection by facilitating the achievement of suitable resection margins while
ensuring the vascularization of the residual parenchyma.

Prospective and randomized studies are required to validate these findings and to
define the actual potential of this technology.
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