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Advancements and challenges in laparoscopic hepatectomy in Japan

Goro HONDA

(Department of Surgery, Institute of Gastroenterology, Tokyo Women's Medical University, Tokyo 162-8666, Japan)

Abstract In the 2010s, laparoscopic hepatectomy (LH) rapidly gained popularity in Japan
as a minimally invasive approach for liver resections. It offers significant
advantages, such as reduced postoperative pain and faster recovery. The
Glissonean pedicle approach, employed during LH, enables precise anatomical
resection, particularly for hepatocellular carcinoma and metastatic liver tumors.

Innovations in training, including the use of animal models and the Japan Society

for Endoscopic Surgery certification program, have been instrumental in

Goro HONDA

improving surgical expertise. However, complex hepatectomies involving
vascular or biliary reconstruction pose substantial technical challenges. Robot-
assisted hepatectomy (RAH) has shown great potential for improved precision
and visualization, though its high costs and uncertain long-term benefits limit its
widespread adoption. Further technological advancements, enhanced training
programs, and large-scale comparative trials are necessary to evaluate the long-
term efficacy of both LH and RAH.
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In the 2010s, laparoscopic hepatectomy (LH)
rapidly gained popularity as a minimally invasive
approach for liver resections, with Japan leading global
advancements in this technique'' ™. LH offers significant
advantages over traditional open hepatectomy, including
lesser postoperative pain, shorter recovery time, and
fewer complications” . However, its application in more
complex cases, such as hepatectomies involving vascular
or biliary reconstruction, remains limited due to technical
challenges. Highlights recent developments in LH in
Japan, current research and practice trends, and
unresolved challenges, including complex procedures and

robot-assisted hepatectomy (RAH)".,

1 Analysis

1.1 Advancements in Anatomical Resections

One of the major breakthroughs in LH has been its
application in anatomical hepatectomies. Techniques, like
the Glissonean pedicle approach have made precise
anatomical resections possible while preserving the liver
parenchyma®®. This approach is valuable for treating
(HCC),

and metastatic liver tumors™.

hepatocellular carcinoma intrahepatic
cholangiocarcinoma,
Despite these advances, laparoscopic anatomical
resections in difficult-to-reach liver segments (such as the
remain technically

posterosuperior segments)

demanding!® "1,

The caudal view, a unique operative view provided
by inserting the laparoscope through the trocar placed at
the lower abdominal wall, has unintentionally contributed
to improving the liver surgeons' understanding of the
intrahepatic vascular anatomy'”. Because both the
Glissonean vessels and hepatic veins branch radially,
rooting at the posterior center of the liver, their branching
pattern can be read easily in the caudal view!?, thus

contributing to the frequent use of caudal approach with
LH!14

Advanced dissection tools, such as the cavitron
ultrasonic surgical aspirator (CUSA), have enhanced LH's
precision''”. This device allows surgeons to carefully
dissect liver tissue while minimizing blood loss, which is
critical in laparoscopic surgeries, where bleeding control
is more challenging than in open surgeries. To resolve
these challenges, we proposed “excavating blood vessels
in a dry operative field” as a concept for safe anatomical
resections, thus enlightening liver surgeons in Japan.

1.2 Establishment of significant advantages in a lapa-
roscopic approach

Liver segments 7 (S7) and 8 (S8), located in the
posterosuperior regions of the liver, are challenging to
access in the open and laparoscopic approaches owing to
their deep and posterior placement. However, several
studies on LH in these segments, including ours, have
documented the advantages of laparoscopic hepatectomy

(57181 Usually, a huge incision is

over open surgery
necessary in the open approach for these segments;
therefore, the benefits of the laparoscopic approach, such
as reduced postoperative pain and quicker recovery times,
are apparent. Furthermore, safe and meticulous
hepatectomies were possible by utilizing the caudal or
caudodorsal view obtained by complete mobilization of
the right liver in the laparoscopic procedure for S7. In
addition, visualization and isolation of the root of the
Glissonean branch of S7 from the posterior surface of the
liver have been recognized as the standard techniques for
ideal anatomical S7 resection worldwide!™'*'. In the
laparoscopic procedure for S8, the introduction of
intercostal trocar placement allows for a more direct route
to the resection area, significantly improving the
accessibility for surgeons without mobilization of the
right liver'”, The lack of mobilization of the right liver
is beneficial, especially for patients with liver cirrhosis,
along with minimal incisions of the abdominal and/or
in fewer incidences of

thoracic wall, resulting

postoperative ascites!" %
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2 Key questions

2.1 Long-term oncological outcomes

Some studies suggest that LH offers comparable
survival rates for patients with HCC and colorectal liver
metastases’” Y. However, while LH has demonstrated
clear short-term benefits, including faster recovery and
fewer complications, its long-term oncological outcomes
remain questionable when compared to open surgery.
Large-scale, multicenter trials are warranted to determine
whether LH provides superior long-term outcomes.
2.2 Technical limitations

Another unresolved issue is the technical challenge
of performing LH in patients with larger or more complex
tumors. Although significant strides have been conducted
concerning LH application in anatomical hepatectomies,
major  hepatectomies  with  vascular or biliary
reconstructions continue to pose difficulties. Surgeons
must contend with the risk of uncontrolled bleeding and
the challenge of ensuring clear surgical margins during
these procedures.
2.3 RAH

RAH has attracted considerable interest owing to its
potential advantages in complex hepatectomies. Robotic
systems offer enhanced precision, better dexterity, and
three-dimensional visualization, which can theoretically
aid in achieving clearer surgical margins and reduced
bleeding™!. However, significant challenges, such as high
costs and lack of clear long-term benefits, limit the

widespread adoption of RAHP*"],

3 Implications

The development of LH in Japan has significant
implications for the global surgical community. The
successful adoption of anatomical resections and
innovations in training have broadened the scope of
laparoscopic liver surgery. In Japan, the Endoscopic Liver
Surgery Study Group, established by Professors Hironori
Kaneko and Go Wakabayashi, has conducted hands-on
seminars on surgical training using live swine models
since 2009. This educational activity contributed to

disseminating appropriate and safe LH techniques
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throughout Japan. In 2004, the Japan Society for
Endoscopic Surgery (JSES) initiated a laparoscopic
surgery certification program”. In this system, the
surgeon's skill is evaluated by viewing a full-length
clinical video of the surgery, performing a sufficient
number of cases, publishing and presenting original
studies on laparoscopic surgery, and attending the JSES
annual meeting is mandatory for certification. Submission
of LH videos has been allowed since 2012, and
137 surgeons who submitted LH videos have been
licensed until 2023. The mean annual pass rate was 23%.
The reviewing board for LH has provided a main concept
of proper LH, which is the "excavation in a dry operative
field" technique and disclosed the examination standard
to assess whether the examinee performed LH according
to this concept. This concept is steadily disseminated in
Japan, allowing surgeons seeking LH certification to learn
about it.

Although Japan has successfully expanded LH to
more minor and moderate hepatectomies, major
hepatectomies remain a significant challenge®”. These
procedures have a greater risk of complications, including
uncontrolled bleeding from the main hepatic vein
trunk®”. Further advancements in surgical training and
technology are warranted to make LH a viable option for
major hepatectomy. Training is critical for the successful
adoption of LH, particularly as the complexity of the
procedures increases. Using live animal models for
surgical training provides a realistic environment for
surgeons to practice anatomical hepatectomies”' .,
These programs allow surgeons to practice laparoscopic
techniques in a controlled, risk-free environment, thereby
reducing the steep learning curve associated with LH™.
While swine models are commonly used for LH training,
we standardized a goat model as a training program for
laparoscopic anatomical hepatectomy because the liver
anatomy of goats is similar to that of humans®™. Our goat
model has been used extensively to simulate laparoscopic
left hemihepatectomy, offering a hands-on experience
crucial for mastering major laparoscopic hepatectomies
using the Glissonean pedicle approach.

Despite these challenges, several promising areas,

such as technological advancements and cost reduction,
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should be focused on for future development. Continued
advancements in robotic technology, such as improved
haptic feedback and further intuitive control systems, can
improve the safety and effectiveness of RAH. The
integration of real-time imaging and artificial intelligence
into robotic platforms also has the potential to enhance
surgical  decision-making during hepatectomies™.
However, skepticism exists concerning the potential for
cost reduction of robotic systems presumably contributing
to the widespread use of RAH, because surgical device-
developing companies generally increase the costs of
newly released versions by installing additional features

B Future research should focus on

and functions
conducting large-scale comparative trials of RAH, LH,
and open surgery to provide more conclusive evidence on
the long-term outcomes, particularly cancer recurrence

rates, survival, and patient quality of life.

4 Conclusion

LH has advanced significantly in Japan, with
innovative techniques, such as the Glissonean pedicle
approach and enhanced training models, expanding its
use. Despite the success of moderate hepatectomies,
challenges in applying LH to complex procedures, such
as hepatectomy with vascular or biliary reconstruction,
remain owing to technical constraints, such as bleeding
control and ensuring clear margins. Although using RAH
appears  promising, considering potential  future
advancements, its high cost and unclear long-term
benefits limit its adoption. Further comparative trials and
technological advancements are warranted to evaluate and

fully optimize these approaches for complex surgeries.
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