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1 | INTRODUCTION

Abstract

The worldwide trend in surgery has moved from open surgery to minimally invasive
surgery. Likewise, the application of minimally invasive surgery in the hepato-pancre-
ato-biliary (HBP) field is also rapidly expanding. The field of HBP surgery can be di-
vided into liver, pancreas and biliary fields. Minimally invasive liver surgery is recently
developed. However, laparoscopic liver resection in difficult areas is challenging.
However, with the accumulation of experiences, laparoscopic liver resection for dif-
ficult areas is performed more than before. With more propagation, more and more
liver resection will be performed by laparoscopic approach. In minimally surgery for
the pancreas, distal pancreatectomy has become a well-recommended procedure in
benign and borderline malignancy. There have been several systemic reviews that
show advantages of laparoscopic distal pancreatectomy. The reports on laparoscopic
pancreaticoduodenectomy (PD) are slowly increasing in spite of technical difficulty,
with several systemic reviews showing advantages of the procedure. However, more
PD will be performed as robotic-assisted procedures in the future. The laparoscopic
surgery for biliary tract malignancy is still in early stages. The laparoscopic surgery
for gallbladder cancer has been contraindicated, although there have been encourag-
ing reports from expert centers. The laparoscopic surgery for Klatskin tumor is still
an experimental procedure. Robotic-assisted procedures for the surgery of cholan-
giocarcinoma will be the future. Robotic-assisted surgery for the HBP field is still
not well-developed. However, with the necessity of more precise manipulation like
intracorporeal suturing, robotic-assisted surgery will be used more often in the field
of HBP surgery.
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On one hand, since the first laparoscopic cholecystectomy in 1985, it

is now a routine surgery performed in all corners of the world. On the

Minimally invasive surgery in the field of hepato-pancreato-biliary other hand, the progress in laparoscopic hepatic, pancreatic, and bili-

surgery (HPB) has shown contrasting trajectories in its development. ary surgeries has been slow when compared to other organs’ surgery
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and is currently performed only in highly experienced centers by ex-
pert surgeons. But, in the last couple of decades, advancement in
modern surgical technology, innovations, energy devices, changing
concepts and technical expertise has allowed the propagation of min-
imally invasive surgery in the HBP field. These improvements have
now provided laparoscopic HBP surgeons to challenge the difficul-
ties encountered in this field of surgery and to advance to performing
advanced laparoscopic surgery. This paper aims to discuss the status
of advanced minimally invasive techniques in HPB surgery through

our experience in Seoul National University Bundang Hospital.

1.1 | Laparoscopic liver surgery

With the initial success of laparoscopic cholecystectomy highlight-
ing the advantages of minimally invasive surgery, the procedure was
subsequently adapted to liver surgery with the first laparoscopic liver
resections (LLR) reported in the early 1990s for benign lesions. The pro-
cedures gradually expanded in the next couple of decades to include
resections ranging from left lateral sectionectomy to living donor he-
patectomies. This propagation of minimally invasive surgery for LLR is
attributed to the development of surgical technology, improved surgi-
cal skills and change in concepts for liver resection. The landmark in
the continued development of LLR was reached in 2008 during the
first consensus meeting on laparoscopic liver surgery held in Louisville,
Kentucky.! The meeting acknowledged the safety and efficacy of LLR
and described its indications as solitary lesions, <5 cm and located in the
antero-lateral segments. This was also an important milestone as LLR
was accepted as a standard surgery, even if it was only for left lateral
sectionectomy. The second consensus held in Morioka reviewed the
status of LLR in comparison with open surgery and made recommen-
dations for LLR. Minor resections considered for standard and major
liver resection, although being performed in highly experienced centers,
were still considered in the stage of innovation because of the novelty
of the procedure and the risks involved.? Based on the recommenda-
tions from the meeting, practical guidelines for performing liver resec-
tion focusing on the technical issues of LLR have also been reported.®

With the advancement of laparoscopic surgical skills and equip-
ment technologies, the indications of LLR are gradually expanding.
As experience in performing more complex procedures grows, pro-
cedures which were considered to be relative contraindications, like
unfavorable locations in the postero-superior segments, were more
performed than before. And with the accumulation of the evidence
to support safety of LLR in major hepatectomies and anatomical re-
sections, the number of reports on advanced LLR is also increasing.
For LLR to be accepted as standard in these surgeries, the procedure
should have outcomes at least similar or better than that of open sur-
gery. The limitations that have prevented the effective propagation
of advanced LLR are technical difficulties in parenchymal dissection,
hemostasis in unfavourable locations, and the risk of air embolism;
all of which are gradually being overcome with experience.

In regards to resections in the unfavorable locations, our team

had the privilege to report a case of total laparoscopic right posterior
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sectionectomy for hepatocellular carcinoma (HCC) in 2006.* Although
right posterior sectionectomy is a standard procedure in open surgery,
laparoscopic right posterior sectionectomy is still a very challenging
procedure. With the developing of better instrument and sealing de-
vices, laparoscopic right posterior sectionectomy has become more
technically feasible than before. When laparoscopic right posterior
sectionectomy was compared with open surgery, there was no dif-
ference in overall survival between laparoscopy and open surgery.5

Resection of posterior superior segment is another unfavorable
location as it is one of the most difficult parts on which to performing
a laparoscopic procedure. In a study comparing posterior superior to
anterior lateral segments, laparoscopic approach for posterior supe-
rior segment is not inferior to surgery for anterior lateral segment.®
Subsequent reports on comparative analysis by case match analysis
between posterior superior segment and anterior lateral segment,
there was no difference in overall survival and disease-free survival.”
Even though posterior superior is a more difficult procedure, sur-
vival outcome appears to be similar between the two groups.

For the minimally invasive surgery for posterior superior lesion,
selective use of intercostal trocars can be useful for good operative
view. Furthermore, this intercostal trocar facilitates parenchymal
resection and bleeding control when posterior superior segment
resection is perfromed.2? Many laparoscopic surgeons have been
using this intercostal/transdiaphragmatic trocar when performing
resections in the posterior superior segments without any major
complications associated with the procedure.’02

Centrally located tumors also pose significant technical chal-
lenges due to their difficult location. When performing resection for
tumor at central lesion, there is high risk of massive bleeding from
injury of adjacent vessels. There are reports on LLR for centrally lo-
cated tumor, which were very close to the hilum or major hepatic
vein and inferior vena cava.’® The patients were mostly cases of
HCC and the operations performed ranged from right posterior sec-
tionectomy, central bi-sectionectomy, and left major hepatectomy
including four caudate lobe resections. When compared with open
surgery, there is no difference in survival between laparoscopic sur-
gery and open surgery. Therefore, even for centrally located tumor,
laparoscopic resection can be cautiously applied.

Anatomic liver resection is a very important concept in the man-
agement of HCC. HCC is usually associated with underlying poor
liver function because of chronic liver disease and cirrhosis. And the
resection of only the involved segment is beneficial for the patient
as it preserves the volume of the remnant liver. The techniques of
anatomical liver resection using the Glissonian pedicle approach
have proven to be very useful in laparoscopic surgery. Utilizing these
concepts, any types of laparoscopic anatomic liver dissection can be
possible depending on tumor locations and remnant liver.** The im-
portance of meticulous dissection during liver resection has been
highlighted by the impact of remnant liver ischemia as a prognostic
factor for survival. The study comparing two groups with minimal
remnant liver ischemia and severe remnant liver ischemia showed
a big difference in overall survival and disease-free survival.'®

Therefore, it is important to perform precise parenchymal resection
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to minimize remnant liver ischemia. This technique will increase the
safety of the operation and the survival as well. In conclusion, owing
to technical development and accumulating experiences, advanced
laparoscopic liver resections are being performed more often than
before, and the limitations brought about by unfavorable locations
may be slowly lifted resulting in anatomic liver resection being per-

formed even more widely in the future.

1.2 | Laparoscopic pancreatic surgery

The use of laparoscopic pancreatic resection has gradually grown in
the last 25 years. Numerous reports comparing laparoscopic vs open
distal pancreatectomy showed advantages in for the laparoscopic
group.X® The conclusions from the International Hepato-Pancreato
Biliary Association International Consensus Meeting on minimally in-
vasive pancreatic resection held in 2016 were published through vari-
ous papers highlighting its advantages.”’20 This was soon followed by
the International Summit on Laparoscopic Pancreatic Resection held
in Coimbatore, India, in 2016 which focused on the indications for
MIPR, identifying the current problems, standardizing techniques as
well as developing protocols.?* There has been a general agreement
among all surgeons regarding the beneficial role of distal pancreatec-
tomy, with many publications regarding the topic (Table 1) including a
difficulty scoring system in laparoscopic distal pancreatectomy.22
Laparoscopic pancreatoduodenectomy, on the other hand, is a
highly demanding procedure and is still being performed by very few
surgeons in highly experienced centers. Our initial experience of lap-

aroscopic pancreaticoduodenectomy (PD) was between 2004 and

2006, where we reported eight cases, but, considering the difficulties
and post-operative complications associated with the procedure, the
procedure's implementation was restricted.?® But in 2012, the pub-
lication of many good reports which showed significant advantage
in lymph node harvest in laparoscopic procedure when compared
to open surgery further enhanced its potential benefits, encourag-
ing surgeons to carry out total laparoscopic PD.?* But, considering
the technical difficulties associated with the use of long instruments
during resection, one way of utilizing the benefits of laparoscopic
resection may be laparoscopy-assisted pancreatoduodenectomy.?’
This allows for the resection to be performed by laparoscopy and
the reconstruction performed by minimal invasion. This may aid in
decreasing the morbidity of PD as operative stress can be minimized
with minimal manipulation of the organ and minimal exposure out
to air. So, until the universal use of laparoscopic PD is established,
laparoscopic-assisted PD may be a stepping stone for further devel-
opment. Table 2 summarizes the systematic reviews comparing the
outcomes of open and laparoscopic PD. With the emerging technol-
ogy of the surgical robot, the flexibility afforded by the technique
may be better for performing the anastomosis which makes it a very

promising modality for development for the future.?¢28

1.3 | Laparoscopic biliary surgery

Regarding biliary surgery, laparoscopic cholecystectomy for benign
gallbladder disease has been the landmark procedure in terms of
its rapid propagation as a universally accessible and feasible tech-

nique performed all over the world. Laparoscopic surgery had been

TABLE 1 Summary of systematic reviews on open vs minimally invasive distal pancreatectomy

Compared variables

MIR = OR MIR < OR

Operation time,
pancreatic fistula

Mortality, reoperative

Mortality, oncologic
clearance

Number of
Authors Year studies MIR > OR
Jin et al®? 2012 15 Blood loss, transfusion, SSI, hospital stay, spleen
preservation
Nigri et al®® 2011 10 Blood loss, early oral intake, hospital stay,
complications, SSI, pancreatic fistula rates
Sui et al®* 2012 19 Blood loss, transfusion, SSI, hospital stay, early
oral intake
Xie et al®® 2012 9 Operative time, early oral intake, hospital stay,

spleen preservation
Pericleous et al®® 2012 4
Nakamuraetal®” 2013 24

Hospital stay

morbidity
Mehrabi et al®® 2015 29

Ricci et al*? 2015 5 Blood loss, hospital stay

Gavriillidisetal®® 2018 7
Van Hilst et al* 2019 21

Blood loss, early oral intake, hospital stay

Morbidity, mortality Operative time

Blood loss, transfusion, SSI, hospital stay,

Morbidity, safety

Morbidity, pancreatic
fistula, reoperation,
mortality

Operative time

Blood loss, smaller tumors, hospital stay

Overall survival, RO Lymph node yield
resection rate, adjuvant

chemotherapy

Abbreviations: MIR, minimally invasive resection; OR, open resection; SSI, surgical site infection.
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TABLE 2 Summary of meta-analysis of open vs laparoscopic pancreatoduodenectomy

Compared variables

Number
Authors Year of studies MIR > OR
Correa-Gallego 2014 6 Less blood loss, lymph
et al*? node yield
Lei et al*® 2014 9 Blood loss, LOS, wound
infection
Qin et al** 2014 11 Blood loss, wound

infection, LOS

Blood loss, LOS, delayed
gastric emptying

Pedziwiatr et al*® 2017 12

Chen et al* 2017 26 Blood loss, transfusion

rate, LOS

MIR = OR MIR < OR

POPF rate, overall complications,
morbidity, reoperations

Operative time,
Tumor size

POPF rate, complications, mortality,
lymph node yield

Operative time

Overall complications, POPF rate, lymph Operative time

node yield, reoperation, mortality

Overall complications, morbidity Operative time

POPF rate, complications, reoperation,
readmission, mortality, lymph node yield

Operative time

Abbreviations: LOS, length of stay; MIR, minimally invasive resection; OR, open resection; POPF post-operative pancreatic fistula.

contraindicated for gallbladder cancer in favor of open surgery due to
the higher chances of cancer cell dissemination and trocar site metas-
tasis associated with intraoperative bile spillage. In 2010, our report of
a prospective study with an intention to treat analysis about laparo-
scopic approach for suspected early stage gallbladder cancer showed
that there was no tumor recurrence or metastasis in the patients with
a median follow-up of 24 months.?’ Ten years of experience later, in
2014, we analyzed the data again where 83 patients suspected of early
stage gallbladder cancer were included in the study with a median
follow-up was 60 months. Five-year survival was 100% for T1a/b and
90.2% for T2 lesions. We have concluded that a favorable long-term
oncologic outcome has been found, and we can apply laparoscopic ap-
proach, including lymph node dissection in early gallbladder cancer.
Regarding intrahepatic cholangiocarcinoma, there have been only
a few reports on minimally invasive resection. Three years ago, we re-
ported about LLR for cholangiocarcinoma, and the overall survival was
acceptable.®° For liver or in HBP surgery, one of the untouched and un-
solved areas is minimally invasive surgery for hilar cholangiocarcinoma.
We reported about five cases of lap liver resection for hilar cholangiocar-
cinoma 3 years ago which is a very difficult and challenging operation.31
Laparoscopy has some limitation for hilar lesion resection because of
the need of bilioenteric reconstruction, which may be better performed
using a robot. Ultimately, with gathering evidence, in advanced laparo-

scopic HPB surgery, robots will play a significant role in the future.

2 | CONCLUSION

Minimally invasive surgery has showed a lot of promise in the field
of hepato-pancreato-biliary surgery. With advancing technology, ex-
pertise and experience, more and more advanced HPB procedures
will be performed by minimally invasive surgery and we expect ro-

botic surgery to play a significant role in the future.
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