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Abstract

rectal cancer in our department.

out operations more accurately.

young and skilled surgeons preparing for difficult operations.

Background: Even if 3D angiographic images of preoperative contrast-enhanced computed tomography (CT) are created, the
coronal and axial sections can be unclear, and thus, it is difficult to achieve projection awareness similar to that of actual
laparoscopic images. In recent years, the technology of analyzing and applying medical images has advanced, and surgical
simulation and navigation have been widely used to improve the safety of surgical operations. It is important to understand
pelvic anatomy in the area of rectal cancer, and use of the SYNAPSE VINCENT makes it possible to simulate the anatomy before
surgery, which is very useful in educating surgeons and their assistants.

Materials and methods: An important objective in surgery is to understand the anatomy of the external/internal iliac arteries
and lymph nodes in lateral lymph node dissection (LLD) for rectal cancer. In this study, we explored the accuracy and usefulness
of SYNAPSE VINCENT images of pelvic anatomy (especially vascular anatomy) analyzed preoperatively in two cases of LLD for

Results: The patients were two men aged 73 and 57 years, respectively. Both patients underwent robotic abdominal perineal
resection and LLD with neoadjuvant chemoradiotherapy. The operating times for LLD were 138 and 106 min, estimated blood
loss was less than 10 mL and 20 mL, and the harvested lymph nodes were nos. 21 and 22, respectively. The SYNAPSE VINCENT
could be used for simulation and navigation before and during surgery. For experienced surgeons, the system helped them carry

Conclusion: In the future, surgical support using virtual reality, augmented reality, and mixed reality based on medical images
will be useful and is expected to improve the safety, accuracy, and efficiency of surgery, which is extremely useful for both
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technologies have become indispensable tools in medical
image analysis to improve spatial awareness and to support
imaging techniques. The SYNAPSE VINCENT (Fujifilm
Medical Co., Ltd., Tokyo, Japan) is a threedimensional
(3D) image analysis system that allows 3D visualization of

Introduction
In recent years, advances have been made in the analysis
and application of medical imaging, and the era of

surgical simulation and navigation for improving the
safety of surgical operations has arrived. In addition,

mixed reality, augmented reality, and virtual reality

medical images for use in image diagnosis and surgical
simulation.

In this context, the SYNAPSE VINCENT is actively
used in the field of hepatobiliary and pancreatic surgery
because it can create 3D computed tomography (CT)
images for surgical support in a short time by applying



image recognition technology used for face recognition in
digital cameras. It is very important to understand the
pelvic anatomy in rectal cancer surgery, and the SYNAPSE
VINCENT makes it possible to simulate the anatomy
before surgery, which is very useful not only for
experienced surgeons but also surgeons in training.
Material and methods

Pelvic magnetic resonance imaging (MRI) and CT are
performed in the preoperative evaluation of rectal cancer.
From April 2012 to the present, preoperative dynamic
contrast-enhanced CT (Fig. 1) and MRI (Fig. 2) were
performed in our institution in all patients with rectal
cancer, mainly lower rectal cancer, who were scheduled to
undergo lateral lymph node dissection (LLD).

In addition, we evaluated the anatomy of the pelvic
cavity to clarify it. First, the paths of the internal iliac
arteriovenous and external iliac arteriovenous systems
were converted into coronal 3D images by the SYNAPSE
VINCENT (Fig. 3). Second, swollen lymph nodes were
also converted into 3D images to complete the preoperative
schematic image. The surgeon trains for the surgery
preoperatively by using the simulation images and then
evaluates errors between the preoperative simulation and
the actual surgery postoperatively. We performed a pilot
trial

Fig. 2 T2 and DWI MRI examinations showed pelvic lymph node swelling (red arrowhead)




and navigation images [2, 3]. In the area around the liver,
the SYNAPSE VINCENT not only identifies the liver by
using “liver anatomical analysis” on contrastenhanced CT
images, but it also applies this technology to the

Fig. 3 The locations of pelvic lymph node swelling were identified before surgery on 3D images using SYNAPSE VINCENT

aimed at evaluating the feasibility of using the SYNAPSE
VINCENT in preoperative simulations and whether its use
improved the safety of LLD with robotic surgery.

Results

This pilot study evaluated the use of the SYNAPSE
VINCENT in two male patients aged 73 and 57 years,
respectively, between January 2021 and February 2021.
Both patients underwent robotic abdominal perineal
resection and LLD with neoadjuvant chemoradiotherapy
(nCRT). The operating times for LLD were 138 and 106
min, estimated blood loss was less than 10 mL and 20 mL,
and harvested lymph nodes were nos. 21 and 22,
respectively.

SYNAPSE VINCENT can be used for simulation and
navigation before and during robotic surgery (Fig. 4). For
experienced surgeons, it helps to perform lateral pelvic
lymph node dissection. On the other hand, younger
surgeons can learn anatomy and become familiar with this
procedure and difficult cases more quickly even if they
have not experienced many cases.

Discussion

Navigation systems are used in the fields of orthopedic
surgery and neurosurgery as surgical support systems
because they can create 3D CT images in a short period of
time by applying image recognition technology [1]. In
gastrointestinal surgery and especially hepatobiliary and
pancreatic surgery, the SYNAPSE VINCENT has been
reported to be useful preoperatively in creating simulation

identification of blood vessels, thereby eliminating a
complicated process and supporting faster image creation
[4]. The system is capable of identifying the intricate
vascular structures of the portal vein and hepatic artery and
vein in a clear 3D format as well as recognizing the
dominant region of each vessel and providing color-coded
and segmented volumetric data [5]. This makes it possible
to perform preoperative simulations with accurate,
highresolution images and is a useful clinical application
in the operation of treatment plans such as for liver
resection.

In the field of colorectal surgery, laparoscopic-assisted
surgery for colorectal cancer has been increasing in recent
years due to the widespread use of laparoscopic surgery
[6]. Laparoscopy also allows precise manipulation of the
surgical field due to the effects of magnification and
proximity vision. However, the narrow field of view and
the lack of tactile sensation are challenges to be overcome.
To perform radical colorectal cancer surgery safely, it is
extremely important to understand the preoperative
locations and roots of the arteries. Recent advances in high-
resolution, high-speed 3D-CT and image construction
software have made it possible to construct arterial images
minimally invasively within a short time and to understand
the bifurcations of the arteries [7]. In colorectal cancer
surgery, identification of the vessels feeding the tumor is
very important in determining the area to be dissected.
However, most previous studies have classified the
bifurcation patterns of the superior and inferior mesenteric
arteries from the main trunk, and no study has examined
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internal and external iliac arteries within the pelvic
anatomy. The colorectal anatomy is not fixed due to its
inherent organ specificity, and there can be a large
difference in anatomical positioning depending on the
angle of the obtained image [8]. Therefore, even if the
central branches of the superior and inferior mesenteric
arteries can be determined by preoperative image
evaluation, identification of the peripheral vessels may not
be as effective in preoperative simulations because of the
movement of the intestines during the actual operation [9].
We considered preoperative simulations with SYNAPSE
VINCENT to be most effective when they involve the
pelvic vessels.

There are many anatomical variations in vascularization
by the external and internal iliac arteries during LLD for
rectal cancer that may cause unexpected anomalies during
surgery. de Treigny et al. reported that it is important to
understand that there is a difference in the male to female
ratio of vascularization in the internal iliac artery region
[10]. The anatomy for lymph node dissection of nodes
#283 (obturator lymph node region) and #263d and #263p
(internal iliac artery lymph node region distal and
proximal) in the Japanese Classification of Colorectal,
Appendiceal, and Anal Carcinoma is very difficult to
understand, and the surgical technique is not easy.

In Japan, CRT is not used routinely; instead, LLD is
performed to control disease on the pelvic sidewall.
Sugihara et al. reported that the incidence of lateral lymph
node metastasis in patients with T3 or T4 lower rectal
cancer, located at or below the peritoneal reflection, was
18.1% [11]. Total mesorectal excision with lateral pelvic

lymphadenectomy reduces the risk of pelvic recurrence,
especially in radiologically positive cases. The main issue
remains the risk of lateral pelvic lymph node metastases
even after nCRT. The literature reports a high percentage
(up to 30-40%) of pelvic lymph node involvement even
after nCRT [12]. Anania et al. reported as an important
objective the need for improved imaging techniques to
accurately define a reliable cut-off size and describe
radiological abnormalities that accurately predict
involvement of pelvic lymph nodes [13]. In addition, even
if 3D angiographic images are created with preoperative
contrast-enhanced CT, the coronal and axial sections alone
may not be clear because there is a significant difference in
the surgeon’s field of view during the actual surgery. Sun
et al reported that this meta-analysis suggests that robotic-
low anterior resection (LAR) is associated with a shorter
hospital stay, lower conversion rate, lower rate of
circumferential margin involvement, and lower overall
complication rate than laparoscopic-LAR. There were no
differences in operative time and the number of lymph
nodes removed [14]. Clinical studies using surgical
techniques are difficult to derive statistical significance in
a small number of cases.

This pilot trial was aimed at evaluating the feasibility of
the SYNAPSE VINCENT to provide preoperative
simulations that are useful and improve the safety of LLD
with robotic surgery. As a result, robotic rectal cancer
surgery with preoperative CRT (a high-complexity
surgery) was safe and feasible in terms of operative time,
blood loss, and number of lymph nodes dissected.
Preoperative simulations using the SYNAPSE VINCENT




will allow the surgeon to visualize the field of view as it
would be during the actual surgery and will enable the
surgeon to perform pelvic dissection without leaving
behind any lymph nodes, especially in the deep pelvic
cavity. In the future, we expect to expand our analysis with
definitive results regarding safety, costs, feasibility, and
oncological outcome, concerning the evaluation of the use
of SYNAPSE VINCENT in LLD with robotic surgery.

Conclusion

It is expected that digital transformation will become more
widespread and evolve in the field of surgery. It will be
very useful for skilled surgeons to prepare for difficult
operations, and young surgeons can use digital
transformation for simulation training without the need for
cadaver training. It is also expected to result in an excellent
learning curve for surgeons.

Acknowledgements
Not applicable.

Authors’ contributions

NM collected the patients’ clinical data and drafted the manuscript. NM, YS,
JYT, SK, TT, MK, ME, and KY helped in the management of the patients. YS,
JYT, SK, TT, MK, ME MF, CM, YTo, IY, TS, YTa, NO, KM, and KY collected the
patients’ clinical data. NM, TS, and KY revised the manuscript and supervised
the study. The authors read and approved the final manuscript.

Funding
None.

Availability of data and materials Not
applicable.

Declarations

Ethics approval and consent to participate Not applicable. © The Author(s)
2022. Open Access This article is licensed under a Creative Commons Attribution
4.0 International License, which permits use, sharing, adaptation, distribution and
reproduction in any medium or format, as long as you give appropriate credit to
the original author(s) and the source, provide a link to the Creative Commons
licence, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons licence,
unless indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to
obtain permission directly from the copyright holder. To view a copy of this
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative
Commons Public Domain Dedication waiver (http:// creat iveco mmons. org/ publi
cdoma in/ zero/1. 0/) applies to the data made available in this article, unless
otherwise stated in a credit line to the data.

Consent for publication Not
applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

1 Department of Gastroenterological Surgery, Gifu University Graduate
School of Medicine, Gifu 501-1194, Japan. 2 Medical Education Development
Center, Gifu University, Gifu, Japan.

Received: 26 October 2021 Accepted: 18 February 2022

Published online: 27 February 2022

References

1.

10.

11.

12.

13.

14.

Mezger U, Jendrewski C, Bartels M. Navigation in surgery. Langenbecks
Arch Surg. 2013;398(4):501-14.

Oshiro Y, Yano H, Mitani J, Kim S, Kim J, Fukunaga K, et al. Novel 3-
dimensional virtual hepatectomy simulation combined with real-time
deformation. World J Gastroenterol. 2015;21(34):9982-92.

Ohshima S. Volume analyzer SYNAPSE VINCENT for liver analysis. J
Hepatobiliary Pancreat Sci. 2014;21(4):235-8.

Maki H, Sakamoto Y, Kawaguchi Y, Akamatsu N, Kaneko J, Arita J, et al.
Anatomical boundary between the caudate lobe of the liver and
adjacent segments based on three-dimensional analysis for precise
resections. J Gastrointest Surg. 2018;22(10):1709-14.

Nitta H, Kitano Y, Miyata T, Nakagawa S, Mima K, Okabe H, et al.
Validation of functional assessment for liver resection considering
venous occlusive area after extended hepatectomy. J Gastrointest Surg.
2020;24(7):1510-9.

Emile SH, Wexner SD. Systematic review of the applications of three-
dimensional printing in colorectal surgery. Colorectal Dis.
2019;21(3):261-9.

Papazarkadas X, Spartalis E, Patsouras D, loannidis A, Schizas D,
Georgiou K, et al. The role of 3D printing in colorectal surgery: Current
evidence and future perspectives. In Vivo. 2019;33(2):297-302.

Sato Y, Sugimoto M, Tanaka Y, Suetsugu T, Imai T, Hatanaka Y, et al.
Holographic image-guided thoracoscopic surgery: possibility of
usefulness for esophageal cancer patients with abnormal artery.
Esophagus. 2020;17(4):508-11.

Atallah S, Parra-Davila E, Melani AGF, Romagnolo LG, Larach SW,
Marescaux J. Robotic-assisted stereotactic real-time navigation: initial
clinical experience and feasibility for rectal cancer surgery. Tech
Coloproctol. 2019;23(1):53-63.

de Treigny OM, Roumiguie M, Deudon R, de Bonnecaze G, Carfagna L,
Chaynes P, et al. Anatomical study of the inferior vesical artery: is it
specific to the male sex? Surg Radiol Anat. 2017;39(9):961-5.

Sugihara K, Kobayashi H, Kato T, Mori T, Mochizuki H, Kameoka S, et al.
Indication and benefit of pelvic sidewall dissection for rectal cancer. Dis
Colon Rectum. 2006;49(11):1663-72.

Oh HK, Kang SB, Lee SM, Lee SY, lhn MH, Kim DW, et al. Neoadjuvant
chemoradiotherapy affects the indications for lateral pelvic node
dissection in mid/low rectal cancer with clinically suspected lateral node
involvement: a multicenter retrospective cohort study. Ann Surg Oncol.
2014;21(7):2280-7.

Anania G, Davies RJ, Arezzo A, Bagolini F, D’Andrea V, Graziosi L, et al.
Rise and fall of total mesorectal excision with lateral pelvic
lymphadenectomy for rectal cancer: an updated systematic review and
meta-analysis of 11,366 patients. Int J Colorectal Dis. 2021;36(11):2321—
33.

SunY, Xu H, Li Z, Han J, Song W, Wang J, et al. Robotic versus
laparoscopic low anterior resection for rectal cancer: a meta-analysis.
World J Surg Oncol. 2016;14:61.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/

