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Retrospective Study

Novel 3-dimensional virtual hepatectomy simulation
combined with real-time deformation
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Abstract

AIM: To develop a novel 3-dimensional (3D) virtual
hepatectomy simulation software, Liversim, to visualize
the real-time deformation of the liver.

METHODS: We developed a novel real-time virtual
hepatectomy simulation software program called
Liversim. The software provides 4 basic functions:
viewing 3D models from arbitrary directions, changing
the colors and opacities of the models, deforming the
models based on user interaction, and incising the
liver parenchyma and intrahepatic vessels based on
user operations. From April 2010 through 2013, 99
patients underwent virtual hepatectomies that used
the conventional software program SYNAPSE VINCENT
preoperatively. Between April 2012 and October 2013,
11 patients received virtual hepatectomies using the
novel software program Liversim; these hepatectomies
were performed both preoperatively and at the same
that the actual hepatectomy was performed in an
operating room. The perioperative outcomes were
analyzed between the patients for whom SYNAPSE
VINCENT was used and those for whom Liversim was
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used. Furthermore, medical students and surgical
residents were asked to complete questionnaires
regarding the new software.

RESULTS: There were no obvious discrepancies (.e.,
the emergence of branches in the portal vein or hepatic
vein or the depth and direction of the resection line)
between our simulation and the actual surgery during
the resection process. The median operating time was
304 min (range, 110 to 846) in the VINCENT group and
397 min (range, 232 to 497) in the Liversim group (P
= (0.30). The median amount of intraoperative bleeding
was 510 mL (range, 18 to 5120) in the VINCENT group
and 470 mL (range, 130 to 1600) in the Liversim group
(P = 0.44). The median postoperative stay was 12
d (range, 6 to 100) in the VINCENT group and 13 d
(range, 9 to 21) in the Liversim group (P = 0.36). There
were no significant differences in the preoperative
outcomes between the two groups. Liversim was not
found to be clinically inferior to SYNAPSE VINCENT.
Both students and surgical residents reported that the
Liversim image was almost the same as the actual
hepatectomy.

CONCLUSION: Virtual hepatectomy with real-time
deformation of the liver using Liversim is useful for the
safe performance of hepatectomies and for surgical
education.

Key words: Liver; Surgery; Simulation; Virtual hepatectomy;
Real-time deformation; Surgical education

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We aimed to develop a novel 3D virtual
hepatectomy simulation software, Liversim, to
visualize the real-time deformation of the liver.
Eleven patients received virtual hepatectomies using
Liversim; these virtual hepatectomies were performed
both preoperatively and during actual surgery. The
perioperative outcomes of the hepatectomies using
Liversim were analyzed. There were no obvious
discrepancies during the resection process between
our simulation and the actual surgery. There were
no significant differences in perioperative outcomes
between the conventional 3D simulation software
and the Liversim. Virtual hepatectomy with real-time
liver deformation using Liversim is useful for the safe
performance of hepatectomies.

Oshiro Y, Yano H, Mitani J, Kim S, Kim J, Fukunaga K,
Ohkohchi N. Novel 3-dimensional virtual hepatectomy
simulation combined with real-time deformation. World J
Gastroenterol 2015; 21(34): 9982-9992 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i134/9982.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i134.9982
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INTRODUCTION

Recently, many institutes in Japan have constructed
3-dimensional (3D) images from the multidetector
computed tomography (MDCT) datasets of patients
who have undergone hepatectomies to share the visual
information with the surgical staff and predict the liver
resection volume for the hepatectomy™™*”, The normal
liver is non-rigid and is usually deformed during
liver resection as a result of posture changes and
the surgical procedure. We have used the SYNAPSE
VINCENT medical imaging system (Fujifilm Medical,
Tokyo) for the 3D visualization and virtual resection of
the liver. However, in this system, the reconstructed
3D liver model is fixed and rigid. In addition, although
we were able to observe the simulated cut surface of
the liver, we were not able to observe every moment
of cutting or the intrahepatic vessels. Therefore,
we aimed to develop a novel surgical simulation
software program to represent the real-time motion
and deformation of the liver. We also investigated
whether this software was useful for educating surgical
residents and medical students.

MATERIALS AND METHODS

Development of liversim

We developed a novel real-time virtual hepatectomy
simulation software program, Liversim, to present
the real-time motion and deformation of the liver,
the inferior vena cava (IVC), the intrahepatic vessels,
tumors and the gallbladder. The main purpose of the
software is to observe the location and orientation of
the intrahepatic vessels moment by moment during
surgery. To achieve this goal, the software provides
4 basic functions: viewing 3D models from arbitrary
directions and distances, changing the colors and
opacities of the models, deforming the models based
on user interaction, and incising the liver parenchyma
and intrahepatic vessels based on user operations. In
addition to these basic functions, the Liversim software
has the capacity to estimate and display the vascular
territory of a selected hepatic vessel branch.

The Liversim software accepts a set of polygonal
meshed surface models consisting of a liver, IVC,
hepatic vein, portal vein, hepatic artery, tumor and
gallbladder. The liver, IVC, tumor and gallbladder
models are converted into tetrahedral meshed models
and are considered in the calculation of physical
simulations via the finite element method (FEM; Figure
1A). The FEM calculation is performed by the Sofa
framework, which is the foundation of the Liversim
software!!, The liver model can be transformed by
pulling up a specific point on the liver. The vessel
surface models are placed inside the liver model, and
their positions are altered according to the deformation
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Figure 1 Three-dimensional tetrahedral meshed model of a liver. A: The liver, inferior vena cava, tumor and gallbladder models were converted into tetrahedral
meshed models and considered in the calculation of the physical simulation via the finite element method; B, C: The vessel surface models were placed inside the
liver model, and their positions changed according to the deformation of the liver model.

of the liver model (Figure 1B). The reconstructed 3D
liver models on Liversim were evaluated by two skilled
surgeons in our group to confirm that the physical
characteristics were similar to those of an actual liver.
Two types of incision functions are implemented at
the top of the Sofa framework. One is used for cutting
the tetrahedral meshes used for the incisions of the
liver parenchyma model™?, and the other, for cutting
the polygonal meshes of the hepatic and portal veins.
Each incision made during surgery virtually creates a
rectangular cutting plane at a user-specified position
and orientation within the 3D space of the liver model.
The plane subdivides each crossing tetrahedral and
triangular element in the liver and vein models into
4 to 9 tetrahedral and 5 triangular subelements

Baishidenge ~ WJG | www.wjgnet.com

according to the predefined subdivision patterns shown
in Figure 2. When we place a line on a simulated
resection line in the liver model, we can open up the
incised part of the model by pulling the surrounding
liver parenchyma outward and removing the exposed
portions of the vessels (Figure 1C). This function
enables us to represent the real-time motion and
deformity of the 3D liver model. In this case, “real-time”
means that we are able to observe this process 1-2 s
after the incision is made. The capability to display an
estimated vascular territory of specified segments of
vessels is implemented to present the affected region
in the liver after the vessels are cut. The vascular
territory is represented by a set of cells adjacent to
the selected vessel segments, as constructed from
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Figure 2 Incision function. A: The incision function of the liver parenchyma. Incision functions are implemented at the top of the Sofa framework. This function is
used for cutting the tetrahedral meshes used in the incisions of the liver parenchyma. The patterns used for cutting the tetrahedral meshes were divided into five
types; B: A typical example of triangle subdivision. The triangle ABC above is subdivided by two sheets of cut planes, P+ and P-, into five triangles: AEF, EFH, EHG,
GHC, and GCB, as below. Planes P+ and P- are defined by the slightly translating plane P, which cuts the tetrahedrons. Each of the triangles plays a different role.
The three triangles between P+ and P- are exposed on the outside of the liver during simulation, whereas the other two are placed inside. Liversim allows the user to
delete the exposed triangles to simulate the process of removing the exposed vessels in the cut surface of the liver. Using these functions, a user can cut open the

liver parenchyma and remove the exposed segments of the hepatic vessels.

a Voronoi tessellation applied to the paths of the
intrahepatic vessels (Figure 3).

Preoperative virtual hepatectomy (rehearsal)

The patients’ 2D CT images were transferred to the
workstation (SYNAPSE VINCENT, Fujifilm Medical,
Tokyo, Japan), and one of the authors (Y. O.) generated
the 3D images. After the OBJ data of the 3D liver
model were input into the Liversim software, we were
able to perform a virtual hepatectomy with real-time
liver deformity. The choice of resection was made
on the basis of the tumor size, tumor location, liver

JBaishideng® W]G I WWW.ngnet.COm

function (ICGR15), and surgical margins based on the
virtual hepatectomy.

Virtual hepatectomy simultaneously with an actual
hepatectomy (navigation)

We also simultaneously performed virtual hepatectomies
on a laptop computer using the Liversim software.
The surgical team was able to observe the virtual
hepatectomy on a large-screen display during the
actual hepatectomy. During the actual hepatectomy, the
operator using the Liversim software and the surgical
team were able to communicate and to discuss the
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A

Figure 3 Territory of the anterior portal vein branch is described as deep color territory. The vascular territory is constructed from a Voronoi tessellation applied
to the paths of the intrahepatic vessels. A: Three-dimensional image view from the front of the patient; B: Three-dimensional image view from the patient's right side.

Table 1 Cases of the virtual hepatectomy using Liversim

Cases  Age (yr) Gender Diagnosis Surgery Operation time (min) Bleeding (mL) Postoperative stay (d)

1 68 M HCC Lateral sectionectomy 339 320 13

2 56 M Metastatic tumor Extended left hepatectomy 406 507 9
(rectal cancer)

3 62 M Metastatic tumor Right hepatectomy 374 1200 15
(colon cancer)

4 60 M Metastatic tumor  Posterior sectionectomy 397 780 21
(gastric cancer)

5 77 M HCC Left hepatectomy 290 370 13

6 60 M HCC Anterior sectionectomy 497 1600 15

7 69 M Icc Segmentectomy (S6) 232 235 9

8 50 M Metastatic tumor Right hepatectomy 454 470 10
(colon cancer)

9 71 F ICC Extended left hepatectomy 436 1570 9

10 55 M HCC Posterior sectionectomy 342 130 19

11 56 F HCC Right hepatectomy 481 460 12

Median 60 397 470 13

HCC: Hepatocellular carcinoma; ICC: Intrahepatic cholangiocarcinoma; M: Male; F: Female.

surgical process and the surgical liver anatomy, such
as the appearance of the next vessel branches on the
cut line of the liver. The Liversim software operator
served as the navigator for the actual hepatectomy.

Virtual hepatectomy using liversim

Between April 2012 and November 2013, 11 patients
received virtual hepatectomies preoperatively or during
surgery using Liversim at the University of Tsukuba
Hospital. The characteristics of the 11 patients who
underwent virtual hepatectomies are detailed in Table
1. The 11 patients consisted of 9 men and 2 women
with a median age of 60 years (range, 50 to 77 years).
Of these patients, 5 had a preoperative diagnosis of
hepatocellular carcinoma (HCC), 2 had intrahepatic
cholangiocarcinoma (ICC), and 4 had metastatic liver
tumor. The surgical procedure performed depended
on the location of the primary tumor. Three patients
underwent a right hepatectomy, two underwent
extended left hepatectomies, and two underwent
posterior sectionectomies. One patient underwent
a left hepatectomy, one underwent an anterior
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sectionectomy, one underwent a lateral sectionectomy,
and one underwent a S6 segmentectomy. The median
operation time was 397 min (range, 232 to 497 min).
The median intraoperative bleeding volume was
470 mL (range, 130 to 1600 mL), and the median
postoperative stay was 13 d (range, 9 to 21 d).

Virtual hepatectomy using SYNAPSE VINCENT

From April 2010 through 2013, 99 patients underwent
preoperative virtual hepatectomies using SYNAPSE
VINCENT. The patients included 78 men and 21
women with a median age of 65 years (range,
21-84 years). Among these patients, 61 had a
preoperative diagnosis of HCC, 14 had ICC, and 24
had metastatic liver tumors. Twenty-four patients
underwent hemihepatectomy or other advanced
procedures; 27 underwent a sectionectomy, and 48
patients underwent a segmentectomy or a more minor
procedure (Table 2).

Questionnaire-based survey: We conducted a
simple survey using a self-administered questionnaire
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Table 2 Characteristics of the patients 7 (%)

Characteristics VINCENT (7 = 99) Liversim (n = 11)
Age (y1)
Median (range) 65 (21-84) 60 (50-77)
Gender
Male 78 (79) 9(82)
Female 21 (21) 2(18)
Diagnosis
HCC 61 (62) 5 (45)
1cc 14 (14) 2 (18)
Metastasis 24 (24) 4 (36)
Procedure
Hemihepatectomy or larger 24 (24) 6 (55)
Sectionectomy 27 (27) 4 (36)
Segmentectomy or smaller 48 (48) 109

HCC: Hepatocellular carcinoma; ICC: Intrahepatic cholangiocarcinoma.

to determine the utility of the Liversim software.
The questionnaire consisted of three questions: (1)
Is presurgery rehearsal with Liversim before each
hepatectomy useful for you? (response items: 1 to 10,
with 10 indicating the greatest agreement); (2) Is the
Liversim image seen during the rehearsal similar to the
image of the actual hepatectomy? (response items:
1 to 10, with 10 indicating the greatest similarity,
considering the following: the cut line of the liver; the
portal vein; and the hepatic vein); and (3) Describe
your opinion of, impression of, or suggestions for
Liversim.

Participants and data collection: We identified
attending medical students at the University of Tsukuba
who were learning at bedside and gastroenterological
surgical residents (3-7 years postgraduate) who
worked at the Department of Surgery, Division of
Gastroenterological and Hepatobiliary Surgery and
Organ Transplantation at University of Tsukuba
Hospital. The medical students and surgeons who met
the above criteria (medical students: n = 24, surgical
residents: n = 18) participated in the survey. All of the
data were confidentially and anonymously stored. This
study was approved by the ethics committee of the
University of Tsukuba.

Data analysis

The data were analyzed in a descriptive format for
both the quantitative and qualitative items. The mean
responses and confidence intervals for each question
item was assessed using 10-point Likert scales and
calculated using statistical analysis software (SPSSII
11.0, SPSS, Inc., Chicago, IL, United States). We
used the Mann-Whitney U test to compare scores and
perioperative outcomes. P values less than 0.05 were
considered statistically significant. Additional qualitative
data provided via free-text responses were recorded
after each question and analyzed using qualitative
content analysis techniques to generate a descriptive
summary of the participants’ responses.

Baishidenge ~ WJG | www.wjgnet.com

RESULTS

Virtual hepatectomy used preoperatively and during
surgery (navigation)

The Liversim software enabled us to demonstrate the
real-time motions of the drawing, deformation, and
resection of the liver preoperatively and during surgery.
There was no obvious discrepancy during the resection
process (e.g., in the emergence of branches of the
portal vein or hepatic vein or in the depth and direction
of the resection line) between our simulation and
the actual surgery. Preoperative virtual hepatectomy
using Liversim was able to predict the appearance of
the vessels on the cut surface of the liver during the
resection process. Virtual hepatectomies conducted
simultaneously with surgery in the operation room
were able to visualize the appearance of the vessels
just before they were approached during the actual
surgical procedure. A Liversim software operator was
able to serve as a surgical navigator by reporting the
appearance of the upcoming vessels on the resection
line to the surgical staff. We were able to display the
Liversim images on a large display in the operating
room to allow surgical navigation. Accordingly, it was
possible to share the anatomical images with the
surgical staff during the actual hepatectomy.

Case 1

Case 1 (Table 1) shows a lateral sectionectomy
(resection of segments 2 and 3) (Figure 4A). At
first, we based our choice of resection on clinical
information, such as the tumor size, tumor location,
liver function, and surgical margin. After determining
which surgical procedure to use, we set and pulled
certain points from both sides of the established
incision line and then cut onto the liver parenchyma.
Then, the segment 3 portal vein (P3) appeared, and
we cut the branch. Because we were able to change
the transparency of the liver model, we could confirm
the characteristics of the exposed branch by observing
it from various points of view. With the next cut, the
segment 2 portal vein (P2) appeared. We were able to
identify these entities in the live patient’s actual liver
in the operation room because they were similar to
the Liversim images. Figure 4A shows the actual liver
surface and the virtual liver surface. We were able to
identify the segment 3 glissonean pedicle (G3) and the
segment 2 glissonean pedicle (G2)

Case 2

Case 2 (Table 1) shows an extended left hepatectomy.
On the Liversim software, we first cut the established
incision line and then were able to recognize the small
hepatic venous branches that drain segment 5 (V5). As
we proceeded with the cut, the large hepatic venous
branches that drain segment 8 (V8) appeared. Figure
4B shows the actual cut liver surface and the virtual
cut liver surface on Liversim. A good resemblance
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A

Figure 4 Pictures for comparisons between a virtual hepatectomy and an actual hepatectomy. The positional relationship of the exposed portal veins and
the hepatic veins on the raw surface of the liver is consistent with the virtual hepatectomy using Liversim. A: Case 1, a lateral sectionectomy, is displayed. There
was no obvious discrepancy (e.g., in the emergence of P3 (G3) and P2 (G2) or the depth and direction of the resection line) during the resection process between
our simulation and the actual surgery; B: Case 2 underwent an extended left hepatectomy, as shown. A good resemblance can be observed between the positional
relationship of the exposed V5 and V8 shown in the 3D simulation and observed during the actual hepatectomy. P3: The segment 3 portal branch; P2: The segment 2
portal branch; G3: The segment 3 glissonean pedicle; G2: The segment 2 glissonean pedicle; V/5: The hepatic venous branches that drain segment 5; V8: The hepatic
venous branches that drain segment 8.
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Table 3 Perioperative outcomes

Perioperative VINCENT Liversim P value
outcomes (median) n =99) n=11)

Operation time (min) 304 (110-846) 397 (232-497) 0.30
Blood loss (mL) 510 (18-5120) 470 (130-1600) 0.4
Postoperative stay (d) 12 (6-100) 13 (9-21) 0.36

can be observed between the virtual liver surface on
Liversim and the actual liver surface. We were able to
predict the location of the V5, V8 and other hepatic
venous branches inside the liver parenchyma.

Perioperative outcomes

The perioperative outcomes are summarized in Table
3. The median operating time was 304 min (range,
110 min to 846 min) in the VINCENT group and 397
min (range, 232 min to 497 min) in the Liversim
group. The median intraoperative bleeding volume was
510 mL (range, 18 mL to 5120 mL) in the VINCENT
group and 470 mL (range, 130 mL to 1600 mL) in the
Liversim group. The median postoperative stay was
12 d (range, 6 d to 100 d) in the VINCENT group and
13 d (range, 9 d to 21 d) in the Liversim group. There
were no significant differences in the operative time,
intraoperative bleeding volume, or postoperative stay
between the two groups.

Questionnaire

Usefulness of Liversim before surgery: The scores
regarding the usefulness of Liversim were 9.33 £ 0.17
for the medical student group (n = 24) and 9.39 %=
0.26 for the surgical resident group (n = 18; Figure
5). All of the respondents thought that this software
was valuable, and there were no significant differences
between the two groups.

Assessment of the conformity between Liversim
rehearsal images and actual surgical images:
The scores for the conformity of the hepatic resection
line were 8.36 £ 0.32 among the medical students (n
= 14) and 8.3 £ 0.3 among the surgeons (n = 10).
The scores for the conformity of the portal vein were
7.71 £ 0.65 among the students (n = 14) and 7.8
+ 0.36 among the surgical residents (n = 10). The
scores for the conformity of the hepatic vein were 8.07
+ 0.58 among the students (n = 14) and 8.5 + 0.27
among the surgeons (n = 10) (Figure 5). There were
no significant differences between the two groups.
Although the respondents perceived a discrepancy of
approximately 20% between the Liversim image and
the observations during the actual surgical procedure,
they reported that the Liversim image was almost the
same as an actual hepatectomy.

Free response questionnaire answers
Surprisingly, the questionnaire respondents stated that
“the Liversim visual simulation image is more similar
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to an actual surgery than I could have imagined”
in the open-ended free-text responses. They also
reported having a greater interest in liver surgery than
they previously had because the blood vessels were
visualized at all times during the actual hepatectomy
the way they were during the preoperative simulations
using Liversim. In addition, the surgical residents
and students said that Liversim made it easier to
understand hepatectomies than previous surgical
manuals or 3D simulation software did.

DISCUSSION

To perform safe and reliable liver surgery, it is im-
portant to grasp the positional relationship between
the tumorous lesion and the blood vessels. Sharing
the visual information and images of the liver anatomy
among the entire surgical team is difficult because
of the need to reconstruct a 3D CT image in each
physician’s mind. Recently, several 3D simulation
software programs have been developed to address
the enormous quantity of imaging data acquired with
advanced imaging modalities, such as MDCT"***9,
At present, several software packages, such as OVA
(Hitachi Medical Corporation, Japan), SYNAPSE
VINCENT (FUJIFILM, Japan), Hepa Vision (Mevis,
Germany), Ziostation (Ziosoft, Japan), VirtualPlace
(AZE, Japan), and VR-Render (IRCAD, France), are
available for computer-assisted liver surgery. In
Japan, operative evaluations using image-processing
software for liver surgery have been covered by
universal healthcare insurance since 2012. Each
patient is charged approximately $200 for this
volumetric evaluation™®. Until now, we have used the
SYNAPSE VINCENT medical imaging system for the 3D
visualization and virtual resection of the liver. We had
considered that 3D reconstructed liver model clear,
easily visible, and easy to understand.

Previously, several reports have indicated that
newly developed 3D software could provide visual
information, including information about the hepatic
anatomy, and that furthermore, it could improve
predictions of the resected volume for hepatectomy
and liver transplantation®*!, However, several
problems have emerged. In the previous 3D simulation
software, the 3D reconstructed liver model was fixed
and rigid, whereas an actual normal liver is non-rigid
and can be deformed during liver resection. Moreover,
we were unable to visualize the blood vessels inside
the liver using these programs. Consequently, these
3D reconstructed liver models deviated far from
the actual liver. To address these shortcomings, we
developed a novel 3D virtual hepatectomy simulation
software program that is able to visualize the real-time
deformation of the liver.

As the result, there were no obvious discrepancies
during the ongoing resection process, such as the emer-
gence of portal vein branches covered in Glisson’s
sheath or by the hepatic vein or in the depth and
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Figure 5 Utility of Liversim, a novel preoperative 3-dimensional liver surgery simulation software program, was assessed using a questionnaire. In
particular, the conformity between the Liversim images and actual surgical observations was evaluated.

direction of the resection line, between our simulation
and the actual surgery. Therefore, we were able to
locate the intrahepatic vessels preoperatively. We
hoped to prevent accidental injury and bleeding
by visualizing the exposed blood vessels, including
vascular anomalies, on the cutting surface of the
liver preoperatively. The results of this analysis of
the perioperative outcomes showed that virtual
hepatectomy using Liversim had no significant benefit
compared with virtual hepatectomy using the previous
software, SYNAPSE VINCENT. In other words, Liversim
was not found to be clinically inferior to SYNAPSE
VINCENT. Still, Liversim is thought to be helpful for
performing a safe hepatectomy and for educating
surgical residents and medical students. Additionally,
the primary advantage of Liversim was that the
surgical team was able to use visual information about
a patient’s liver anatomy to determine the appropriate
surgical procedure. The surgical team was also able
to discuss several critical points (i.e., the surgical
margin and the relationship between the tumor and
the hepatic vein and Glisson’s sheath) by observing
the Liversim images during the actual hepatectomy.
Needless to say, further retrospective and prospective
studies should be conducted to confirm this utility. In
the future, we plan to use Liversim on patients after
obtaining their informed consent.
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Liversim is useful as an educational tool and for
performing virtual hepatectomies preoperatively and
during surgery. Liversim was very popular with the
surgical residents and medical students who used it,
particularly because their young ages increased their
familiarity with computers. There was a tendency
towards higher scoring of the portal vein in Glisson's sheath
and of the hepatic vein among surgical residents than
among students. The main reason for this issue was
associated with the fact that the medical students had
greater difficulty recognizing the anatomy of the liver
because for many of them, it was the first time they
had observed the actual liver of a patient undergoing
surgery.

Several limitations of this novel modality should be
addressed. First, at present, this approach requires a
somewhat long time (approximately 1-2 h) to create
detailed images. Second, certain small vessel branches
may be missed by Liversim because not all of the
vessels can be visualized with CT for each patient.
Third, this study involved only 11 patients; therefore,
our results will need to be confirmed with larger
populations.

In conclusion, virtual hepatectomy with real-time
deformation of the liver using Liversim preoperatively
and during surgery is useful for performing a safe
hepatectomy and for educating surgical residents and
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medical students.
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COMMENTS

Background

The shape of the liver changes during liver resection due to the posture change
and the surgical procedure. However, in conventional software, 3-dimensional
(3D) liver models are fixed and rigid. In addition, the authors were not able to
observe every moment of the cutting of the liver and intrahepatic vessels.

Research frontiers

New innovative softwares in virtual system will be created step by step in the
future. No surgical simulation software to represent the real-time motion and
deformation of the liver.

Innovations and breakthroughs

The main purpose of the novel software is to observe the location and
orientation of the intrahepatic vessels moment by moment during surgery. To
achieve this goal, the software provides 4 basic functions: viewing 3D models
from arbitrary directions and distances, changing the colors and opacities of the
models, deforming the models based on user interaction, and incising the liver
parenchyma and intrahepatic vessels based on user operations.

Applications

Liversim is useful for educating surgical residents and medical students about
performing a safe hepatectomy. Additionally, the primary advantage of Liversim
is that the surgical team is able to use visual information that is identical to the
patient's liver anatomy to determine the appropriate surgical procedure.

Terminology

The finite element method (FEM) calculation is performed by the Sofa
framework, which is the foundation of the Liversim software. The liver, inferior
vena cava, tumor and gallbladder models are converted into tetrahedral
meshed models and are considered in the calculation of physical simulations
via the FEM.

Peer-review

Liversim system provides specialized functions for liver surgery planning. This
function enables us to represent the real time motion and display an estimated
vascular territory of segments.
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