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Abstract. Background/Aim: Recently, robotic surgery for rectal
cancer has become a common minimally invasive surgery. In
addition, the technology of augmented and mixed reality is
applied in various living environments, including medicine. We
successfully performed robotic surgery for rectal cancer with
three-dimensional (3D) images as mixed reality (MR) using
HoloLens2. Case Report: The patient was diagnosed with rectal
cancer by colonoscopy and a positron-emission computed-
tomography scan, and we performed robot-assisted anterior
resection. The operator used HoloLens2 and performed the
surgery while visualizing 3D images of pelvic anatomy with the
location of the rectal cancer as hologram. The operation was
performed completely and safely, and she was discharged 11
days after surgery with no postoperative complications.
Conclusion: This case presents the usefulness of a MR system
offering organ visualization as hologram during surgery.

Colorectal cancer is one of the most common cancers in the world
(1), and surgical resection is commonly performed as curative
treatment. Some randomized clinical trials have confirmed that
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laparoscopic surgery resulted in equivalent long-term oncologic
outcomes and improved short-term results compared with
traditional open surgery (2-5). Further technological advances
have led to the development of robotic surgery. Robotic surgery
has many technical advantages such as superior stability, curved
flexible instruments, increased dexterity, fixed stable traction, and
improved accuracy (6-8). Previous studies have reported that
robotic surgery for colorectal cancer is associated with a shorter
length of hospital stay, lower conversion rate, and lower overall
complication rate than laparoscopic surgery (9-11). Surgical
methods have gradually transitioned from traditional laparotomy
to laparoscopic surgery and robotic surgery. Although surgical
equipment has advanced, especially in the case of rectal cancer,
high skill is still required to perform the surgery while correctly
understanding the pelvic anatomy. Therefore, supporting tools are
useful to improve the surgical efficiency. Recently, augmented and
mixed reality technology has been applied to surgery (12-14).
Mixed reality (MR) enables the simultaneous experience of the
real world and virtual reality by precisely superimposing images
in coordinate spaces. The application of mixed reality to surgery,
specifically the use of head-mounted display (HMD), allows
surgeons to use intraoperative mixed reality technology to
visualize 3D computer graphics models (holograms) of each
patient during operation (14).

Here, we report a case treated with robotic surgery performed
with 3D images using HoloLens2 (Microsoft, Microsoft
Corporation, Redmond, WA) as HMD during the operation. The
holograms were created using preoperative positron emission
tomography-computed tomography (PET-CT).

Case Report
The patient was a 41-year-old woman with a history of abdominal

surgery. She was not prescribed any medicine. The patient’s
family medical history was unremarkable. The patient visited a
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Figure 1. 3D reconstruction using preoperative PET-CT scans and virtual colonoscopy data. The tumor was located at the upper rectum where the
inferior mesenteric artery supplies the blood flow. Green: Rectal cancer.

Figure 2. Video of the anterior resection. Robotic surgery was performed for rectal cancer. A lower panel shows endoscopic image during operation.
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Figure 3. Operation with mixed reality. The operator can visualize the 3D images as hologram by the head-mounted display during operation.
(Upper). The 3D model can be magnified in the hologram view. (Lower) The 3D model can be moved by the operator. The white line is the pointer

by which the operator can move the 3D model.

nearby physician for positive fecal occult blood, and colonoscopy
was performed. She was diagnosed with rectal cancer (cT1b, cNO,
c¢MO, stage I) and was referred to our hospital for curative
treatment. Her height was 160 cm, weight was 52 kg, BMI was
20.3. Her preoperative laboratory data were as follows: leukocytes
4,770 /dl, hemoglobin 12.5 g/dl, platelets 20.1x10%/ul, AST 14
U/, ALT 8 U/l, ALP 43 1U/1, BUN 16 mg/dl, creatinine 0.63
mg/dl, CRP 0.04 mg/dl, electrolytes were within normal limits,
CA19-9 9.5 U/ml, and CEA 2 ng/ml. A PET-CT and magnetic
resonance imaging (MRI) revealed the localization of cancer.
Robot-assisted anterior resection was performed. The operator
used HoloLens2 and performed the surgery while visualizing 3D
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images of pelvic anatomy with the location of the rectal cancer as
hologram (Figure 1, Figure 2, and Figure 3). The operation time
was 261 minutes, and blood loss was 30 ml. The patient’s
postoperative course was uneventful, and she was discharged 11
days after surgery, and is still relapse-free.

Discussion

This case showed the utility and safety of intraoperative
hologram support for rectal cancer as a previous report (15).
The pelvic cavity is surrounded by blood vessels and nerves,
which should not be injured, so it is important to develop
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support tools for improving surgical safety. The hologram
image can support and provide surgeons with a better
understanding of the individual patient’s pelvic anatomy. The
information can’t be obtained from the CT images or
operation field on a planar monitor during operation.
Furthermore, the 3D model can be magnified in the
hologram view, and the surgeon can move to observe the
hologram from various angles. The hologram was created
using preoperative PET-CT, and reflected the anatomy. Thus,
it is considered that intraoperative simulations can improve
the anatomical understanding compared with preoperative
simulations. And if all surgeons of the surgery team wear the
HoloLens?2 to share the same hologram, their discussion and
communication will be more active and improve the
understanding of the positional relationship of the organs of
the patient.

Conclusion
In conclusion, this study suggests that the use of
intraoperative  hologram support can improve the

understanding of the individual’s anatomy and surgical safety.
It also suggests that intraoperative holograms could be useful
surgical tools to educate next-generation surgeons. Further
study is needed to accumulate more cases in the future.
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