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INTRODUCTION

Minimally invasive approaches have transformed colorectal sur-
gery, offering advantages such as reduced postoperative pain,
shorter hospital stays, faster recovery of bowel function, improved
cosmetic outcomes, and a lower risk of complications, including
infection and ileus [1]. However, laparoscopy continues to face
limitations in anatomically complex areas such as the pelvis, large-
ly due to 2-dimensional imaging, unstable camera control, and re-
stricted instrument mobility [2].

Robotic-assisted colorectal surgery addresses many of these
limitations by providing stereoscopic 3D high-definition visual-
ization, articulated instruments, improved ergonomics, tremor
filtration, motion scaling, and greater surgeon comfort [3].

Artificial intelligence (AI) has rapidly advanced within surgical
practice. Techniques such as fluorescence imaging and laser
speckle contrast imaging enable real-time perfusion assessment
and identification of critical structures. Virtual reality enhances
surgical training by providing immersive, risk-free environments

with real-time feedback. In addition, Al-assisted segmentation of

computed tomography (CT) or magnetic resonance imaging al-
lows manual, semiautomated, or fully automated creation of pa-
tient-specific 3D anatomical models [4].

Despite this progress, standardizing augmented reality (AR) in
colorectal surgery is particularly challenging due to the dynamic
and variable anatomy of the colon. Unlike solid organs, AR mod-
els in colorectal surgery must align primarily with vascular land-
marks rather than bowel contours. Moreover, superimposed 3D
models can obscure surgical instruments, a phenomenon known
as instrument occlusion, which creates a potentially hazardous in-
traoperative environment [5]. This limitation has been widely
recognized as a barrier to broader AR adoption in surgery, and
Al-driven de-occlusion algorithms have recently been proposed
as a promising solution [6].

Here, we present the technical implementation and feasibility of
the world’s first Al-assisted AR-guided robotic right hemicolecto-
my with real-time instrument de-occlusion, performed at the Eu-

roclinic General Hospital (Athens, Greece).
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TECHNIQUE

The patient was a 45-year-old man with a body mass index of 27
kg/m* and no history of prior abdominal surgery or significant
comorbidities. Colonoscopy and biopsy confirmed adenocarcino-
ma. Preoperative CT revealed a 12-cm ascending colon tumor in-
vading the lateral abdominal wall and suspicious para-aortic
lymph nodes. Triple-phase 1-mm-thick CT images were acquired
for anatomical segmentation using a combination of manual and
semiautomated methods (Fig. 1).

The procedure was performed using the da Vinci Xi robotic
system (Intuitive Surgical) with a standard four-arm port configu-
ration. The patient was placed in the modified Lloyd-Davis posi-
tion with the operating table slightly tilted to the right, and the
trocars were inserted in a reverse “smile” configuration along the
right abdomen. The AI-AR integration was achieved through col-
laboration between the Euroclinic colorectal surgery team, Al en-
gineers from Orsi Academy (Merelbeke-Melle, Belgium), and the
hospital’s IT department.

CT image segmentation was performed using the NVIDIA Ho-
loscan and Clara software suite (NVIDIA Corp), in collaboration

with the AI-AR development team at Orsi Academy. Segmenta-
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tion combined manual and semiautomated techniques applied to
the triple-phase 1-mm CT datasets. The process involved the op-
erating surgeon, radiologists, and biomedical engineers experi-
enced in surgical AR applications.

Al-assisted instrument segmentation and de-occlusion were
implemented using an NVIDIA Clara AGX developer kit (NVID-
IA Corp) running a binary segmentation model (Feature Pyramid
Network with EfficientNetV2 backbone), optimized with Tensor-
RT (NVIDIA Corp) to achieve a per-frame latency of approxi-
mately 13 millisecond. Integration into the da Vinci Xi robotic
platform was enabled via TilePro (Intuitive Surgical), allowing
side-by-side display of the AR-enhanced feed and the native en-
doscopic image. The segmentation process enabled fabrication of
a patient-specific 3D anatomical model, which was then integrat-
ed into the intraoperative workflow (Fig. 2).

A robotic complete mesocolic excision with D3 and para-aortic
lymphadenectomy was planned. AR was used to facilitate identifi-
cation of major vascular structures, including the superior mesen-
teric artery and superior mesenteric vein, recognition of the gas-
trocolic trunk of Henle, and safe peripancreatic lymph node dis-
section, thereby reducing the risk of iatrogenic injury.

Intraoperatively, the 3D model was manually aligned with the

Fig. 1. Manual and semiautomated segmentation from triple-phase 1-mm computed tomography (CT) images. (A-C) Raw CT images.
(D-F) Segmented views. (A, D) Axial planes. (B, E) Sagittal planes. (C, F) Coronal planes.
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Fig. 2. Three-dimensional model generated from segmented computed tomography images, illustrating the right colon tumor (pink). (A) Anteri-

or view. (B) Right lateral view. (C) Posterior view.

patient’s anatomy using vascular landmarks and superimposed on
the endoscopic view. To address the problem of instrument occlu-
sion by the AR overlay, a binary Al segmentation model was ap-
plied to detect and mask nonorganic elements, thereby maintain-
ing clear visualization of surgical instruments (Fig. 3). The aug-
mented AR feed was displayed to the surgeon via TilePro integra-
tion (Fig. 4). A proof-of-concept livestream was conducted using
a LiveArena capture card (LiveArena Technologies) and a laptop
running Microsoft Teams (Microsoft Corp).

Ethics statement

This study was approved by the Institutional Review Board of Eu-
roclinic Hospital (No. 442024). Written informed consent was ob-
tained from the patient for publication of the research details and
clinical images. The procedure and data collection were conduct-
ed in accordance with the ethical standards of the institutional re-
search committee and the principles of the Declaration of Helsin-

ki.

DISCUSSION

The first documented application of AR in general surgery was
reported in 2004 by a team at IRCAD/EITS (Strasbourg, France)
[7]. A 45-year-old man with a 1-cm Conn adenoma of the right
adrenal gland underwent laparoscopic adrenalectomy, and AR
was employed to define dissection planes and accurately localize
the tumor, surrounding organs, and vessels. Since then, intraoper-
ative AR has steadily gained momentum across multiple surgical
subspecialties, including urology, hepatobiliary, and colorectal
surgery.

AR provides several advantages that contribute to improved

surgical outcomes. It enhances spatial perception, reduces unnec-
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essary tissue handling, and lowers the risk of iatrogenic injury.
These benefits translate into shorter operative times, increased
precision, and improved patient safety. Moreover, AR has signifi-
cant educational value, offering realistic simulations that allow
surgical trainees to practice complex procedures in a risk-free en-
vironment [8].

Our team reported the first case of robotic complete mesocolic
excision in Europe using AR guidance in early 2021 [9]. The case
involved a real-time 3D overlay of reconstructed vascular anato-
my via the Proximie platform (Proximie), combined with remote
proctoring from an Intuitive Surgical expert in London, UK. The
procedure was completed successfully, with final pathology con-
firming a 9-cm T3NO right colon tumor, 48 harvested lymph
nodes, and an intact mesocolon. This milestone represented the
beginning of a new era of AR-assisted robotic colorectal surgery,
which has since advanced rapidly through the integration of AL

Among recent innovations, the Al-powered surgical visualiza-
tion system Eureka a, developed by Anaut and approved in Japan
in spring 2024, represents a major step forward [10]. Equipped
with precision mapping technology, the system enables intraoper-
ative, real-time identification and overlay of connective tissue,
nerves, dissection planes, vessels, and organs—offering a preview
of the future of intelligent surgical navigation. Its application in
colorectal surgery has already been demonstrated in robotic total
mesorectal excision for rectal cancer, where Al-assisted mapping
enhanced visualization of anatomical planes and critical struc-
tures [11].

Despite these advances, the challenge of instrument occlusion
during robotic surgery with AR overlays has persisted. The ten-
dency of AR models to obscure surgical tools, particularly in
complex colorectal procedures, has limited their intraoperative

utility. A reliable solution requires enabling the robotic platform
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Fig. 3. Instrument occlusion and de-occlusion during surgery. (A) Native surgical view. (B) Three-dimensional overlay obscuring instruments.
(C) Artificial intelligence-based instrument segmentation. (D) Post-segmentation de-occlusion with clear visualization.

Fig. 4. Intraoperative visualization on the robotic monitor. (A-C) Raw field. (D-F) View with 3-dimensional overlay and instrument de-occlusion.

to recognize instruments and automatically prioritize their visibil-
ity by segmenting and removing overlaid 3D content (Fig. 5).

The first in-human demonstration of real-time Al-assisted in-
strument de-occlusion during AR robotic surgery was reported in
late 2023 by Hofman et al. [6] at Orsi Academy. Using a dataset of
31,812 images from 100 robotic partial nephrectomies, they de-

486

veloped a binary segmentation pipeline based on a Feature Pyra-
mid Network with an EfficientNetV2 backbone. The system, de-
ployed on NVIDIA Clara AGX hardware and using DELTA-12G-
elp-key video input (Deltacast), achieved over 98% test accuracy.
Conversion to TensorRT reduced inference time from 40.5 sec-

onds to 5.1 seconds, ultimately reaching 13 milliseconds per-
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Fig. 5. Schematic illustration of the instrument occlusion problem and de-occlusion solution during augmented reality (AR)-guided robotic sur-
gery. (A) Native intraoperative view during robotic right hemicolectomy. (B) Obstruction of surgical instruments by the 3-dimensional AR overlay
(tumor in green, vessels in red). (C) Instrument detection and segmentation. (D) Post-segmentation de-occlusion for clear visualization.

frame latency. Real-time performance was validated in 3 robotic
procedures, with positive intraoperative feedback.

In our experience, the Al-assisted de-occlusion algorithm
proved most valuable during phases of the operation where in-
strument overlap with critical anatomy occurred most frequently,
particularly during vascular dissection and mesocolic plane devel-
opment. These steps require precise visualization of vascular ped-
icles and adjacent structures, which are often obscured by robotic
arms in confined working spaces. By selectively masking nonor-
ganic elements in real time, the algorithm maintained continuous
visualization of target anatomy, reduced the need for repeated
camera adjustments, and improved operative flow. While benefi-
cial throughout the procedure, the impact was most pronounced
during deep dissections, where even a brief loss of visualization
could increase the risk of inadvertent injury.

Our successful completion of the first live Al-assisted AR-guid-
ed robotic colorectal surgery with instrument de-occlusion rep-
resents a pivotal milestone in the adoption of advanced digital
technologies in colorectal surgery. This innovation not only im-

proves surgical precision but also sets the stage for broader inte-
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gration of AR and Al into complex procedures.

Looking ahead, Al-driven personalization of surgical care has
the potential to transform intraoperative decision-making. Re-
al-time AI could analyze operative data to guide surgeons in de-
fining optimal resection planes, identifying anatomical risk zones,
or suggesting preservation strategies—enabling immediate, da-
ta-informed adjustments.

Building on this case, the next developmental stage in AI-AR
instrument de-occlusion is to refine segmentation models for
multi-instrument recognition, optimize performance across di-
verse anatomical regions, and progress toward fully automated
segmentation rather than manual or semiautomated workflows.
Achieving reliable, real-time automated segmentation would en-
hance efficiency, scalability, and reproducibility across institutions.
Such technology could benefit a wide range of complex surgical
scenarios where visual clarity is critical, further improving intra-
operative precision and safety.

Furthermore, advances in semiautonomous or fully autono-
mous robotic systems may eventually enable automation of repet-

itive tasks such as suturing or vessel sealing, allowing the surgeon
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to focus on the most critical operative steps. While this remains a
long-term goal, the foundation is already being laid by innova-
tions such as the one described in this report.

CONCLUSION

This report presents the first successful clinical use of Al-assisted
AR with real-time instrument de-occlusion during robotic right
hemicolectomy. By integrating Al-based segmentation into the AR
workflow, we overcame the longstanding limitation of instrument
occlusion, thereby enhancing intraoperative visualization and sur-
gical precision. This case suggests the technical feasibility and indi-
cates preliminary safety of next-generation digital tools in complex
colorectal surgery, establishing a foundation for broader clinical

adoption of intelligent, real-time surgical navigation systems.
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