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Computed tomography-based virtual reality-guided preoperative
simulation for endoscopic full-thickness resection of a gastric

submucosal tumor

> Fig.1 Preoperative virtual three-dimensional model. a Virtual reality can be experienced
using a head-mounted display (Metaquest 3; Meta Platforms, Inc., Menlo Park, California,
USA). b Model output: yellow, stomach; green, submucosal tumor; Red, artery.

» Fig.2 Endoscopic image and virtual three-dimensional model. a A 30-mm submucosal
tumor was located in the anterior wall of the lower gastric body. b The submucosal tumor and
the extraluminal artery could be observed inside the stomach using virtual reality imaging.

Virtual reality is gaining attention as a
novel modality for precisely identifying
the location of lesions and the routes of
important vessels before and during sur-
gery [1,2]. Endoscopic full-thickness
resection (EFTR) is a minimally invasive
treatment for gastric submucosal tumors
(SMTs); however, owing to the nature of
EFTR, with an intra-to-extraluminal blind
approach, it carries the potential risk of
damaging extraluminal vessels or organs.
Virtual reality might help endoscopists
accurately identify important vessels and
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anatomical structures during EFTR, facili-
tating the safe removal of SMTs. This is
the first case report of computed tomog-
raphy (CT)- and virtual reality-guided
preoperative simulation of gastric EFTR.
A41-year-old woman was diagnosed with
a gastric SMT and was referred to our
hospital. She had no underlying disease
or history of abdominal surgery. The gas-
tric SMT was located at the anterior wall
of the lower gastric body, and was less
than 30mm without ulceration; there-
fore, we planned EFTR for this lesion.

D Video 1 Preoperative three-dimen-
sional model with virtual reality and
endoscopic full-thickness resection.

Before EFTR, polygons (standard trian-
gulated language format) of the stom-
ach, artery, and SMT were created using
data from DICOM (National Electrical
Manufacturers Association, Rosslyn, Vir-
ginia, USA) from three-phase contrast-
enhanced CT images. The polygons were
uploaded to the Holoeyes MD system
(Holoeyes Inc., Tokyo, Japan) and con-
verted into virtual three-dimensional
(3D) models [3]. We checked the arterial
route and anatomical structure using a
virtual reality head-mounted display
(» Fig. 1) and found no major extralumin-
al artery around the SMT (» Fig. 2).

EFTR was safely completed without
any intraoperative adverse events
(»Video1). No major extraluminal
arteries were found during EFTR, as
confirmed preoperatively. We closed the
full-thickness defect using the endo-
loop-endoclip and reopenable-clip over-
the-line methods. The pathological diag-
nosis was a low-risk gastric intestinal
stromal tumor in the Modified Fletcher
classification, with free lateral and deep
margins.
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This case demonstrates preoperative
simulations using CT-based virtual reali-
ty. Traditionally, the 3D reconstruction
of CT images on a flat display has not
provided adequate spatial understand-
ing. However, by immersing ourselves in
virtual reality, we could comprehend the
spatial relationships between the gastric
wall, tumor, and surrounding arteries.
This immersive virtual reality experience
significantly enhanced spatial awareness
during the endoscopic procedures.
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