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Abstract

Minimally invasive hepatectomy for benign and malignant liver lesions has gained popularity in the past decade due to
improved perioperative outcomes when compared to conventional ‘open’ technique. We aim to investigate our initial experi-
ence of robotic hepatectomy undertaken in our hepatobiliary program. All patients undergoing robotic hepatectomy between
2013 and 2018 were prospectively followed. Data are presented as median (mean + SD). A total of 80 patients underwent
robotic hepatectomy within the study period. 60% of the patients were women, age of 63 (62.4 + 14.1), body mass index of
28 (29.6 £9.4), ASA class of 2.5 (2.5 +0.6), and MELD score of 7 (8.2+2.8). Size of resected lesion was 3.9 (4.6+3) cm.
Indications for resection were metastatic lesions (30%), hepatocellular carcinoma (28%), cholangiocarcinoma (7%), gallblad-
der cancer (5%), neuroendocrine tumors (4%), and benign lesions (26%). Formal hepatectomy (right or left) was performed
in 30% of the patients. Operative time was 233 (267.2 + 109.6) minutes, and estimated blood loss was 150 (265.7 +319.9)
ml. Length of hospital stay was 3 (5.0 +4.6) days. One patient was converted to ‘open’ approach. 10 patients experienced
postoperative complications. Readmissions within 30 days of hospital discharge were seen in eight patients. Our data support
that robotic hepatectomy is safe and feasible, with favorable short-term outcomes and low conversion rate. Robotic technol-

ogy extends the application of minimally invasive techniques in the field of hepatobiliary surgery.
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Introduction

Minimally invasive liver surgery has gained popularity since
the first-reported laparoscopic liver resection for benign
tumor in 1991 [1]. Laparoscopic liver surgery has been
shown to be safe with better perioperative outcomes when
compared to the traditional ‘open’ approach, as it was asso-
ciated with decreased intraoperative blood loss, decreased
length of hospital stay, decreased morbidity, and lower mor-
tality with no difference in long-term oncological outcomes
when performed for malignant tumors [2—7]. Minimally
invasive hepatobiliary surgery remains to be a challenging
field that demands a high level of experience along with
advanced training. In the last decade, laparoscopic liver
resection pioneered the minimally invasive approach in
liver surgery; however, there are inherited limitations of
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this technique including limited degree of motion, tremor
amplification, poor ergonomics, fulcrum effect against the
port, and difficulty in two-dimensional image adaptation [8,
9]. Therefore, this field has been faced with slower adoption
among liver surgeons with hesitation to widely apply this
technique [10].

Robotic liver surgery represents the most recent evolution
in the field of minimally invasive liver surgery. It was intro-
duced initially to overcome the aforementioned limitations
of laparoscopic liver surgery, as the robotic technology pro-
vides the operating surgeon better magnified three-dimen-
sional view, elimination of physiological tremor, improved
dexterity with seven degrees of freedom, ease of suturing,
and better motion scaling [11, 12]. Large studies have rela-
tively been limited regarding the use of robotic hepatec-
tomy in the treatment of liver tumors. Published reports in
the literature mostly contain small number of patients by
a single surgeon. Many hepatobiliary centers performing
minimally invasive hepatectomy are still in the explora-
tion phase of robotic technology. We designed this study
to evaluate the safety of robotic hepatectomy undertaken in
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our hepatobiliary program. Herein, we report our experience
and clinical outcomes of 80 robotic hepatectomy for benign
and malignant tumors, which is to our knowledge the larg-
est series reported to date. We hypothesize that the use of
robotic hepatectomy is safe and feasible, and this technique
can be universally applied for benign and malignant liver
tumors.

Materials and methods

With institutional review board approval, 80 consecutive
patients undergoing robotic hepatectomy between 2013 and
2018 in a single hepatobiliary center were prospectively fol-
lowed. There were 10 other patients who underwent open
hepatectomy and 0 patient underwent laparoscopic hepatec-
tomy (a total of 90 patients underwent hepatectomy within
the study period). Majority of the robotic hepatectomy (85%)
were undertaken in 2017-2018 after the addition of first
author (IS) into our hepatopancreatobiliary unit, following
completion of a minimally invasive gastrointestinal surgery
fellowship (Yale University School of Medicine 2015) and
a hepatopancreatobiliary surgery fellowship (University of
Pittsburgh Medical Center-Starzl Institute 2016). Coauthors
SR and AR functioned as cosurgeons during these cases,
mainly working at the bedside as a ‘wingman’. Patient
demographics including body mass index (BMI), sex, age,
American Society of Anesthesiologists (ASA) score, opera-
tive time, estimated blood loss (EBL), ‘open’ conversion
rate, perioperative complication, blood transfusion rate, and
length of hospital stay (LOS) were collected and analyzed.
Data are presented as median (mean + SD).

All of the robotic hepatectomies were undertaken in a
475-bed tertiary non-university teaching hospital using the
da Vinci Xi® system (Intuitive Surgical, Sunnyvale, CA,
USA). Our hepatopancreaticobiliary unit was established in
2013 with capability of undertaking major open and mini-
mally invasive hepatopancreaticobiliary resections. Indica-
tions and preoperative evaluation for robotic hepatectomy
are similar to those of ‘open’ liver resection, according to
the International Hepato-Pancreato-Biliary Association.
Imaging of the liver is obtained with triphasic liver com-
puted tomography (CT) scan or magnetic resonance imaging
(MRI). Biopsy is generally reserved only in cases of diag-
nostic uncertainty. Evaluation of future liver remnant volume
and patient general health performance is similar to those of
‘open’ operation. All patients who require resection of a
liver tumor(s) in our program are subjected to the robotic
approach, unless it is considered technically unsafe or unfea-
sible. Robotic hepatectomy is not attempted in patients with
obvious main portal vein, hepatic artery, hepatic vein tri-
furcation, or inferior vena cava tumor invasion, or in whom
complex vasculobiliary resection/reconstruction might be
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necessary such as in Klatskin tumor. Direct tumor inva-
sion into right hemidiaphragm, large tumor size, cirrhotic
liver, prior open abdominal operation, and prior open liver
resection(s)/ablation(s) are not considered contraindication
for the robotic hepatectomy.

Major complications are defined as bleeding, leak, inter-
nal organ injury, or others which require deviation from rou-
tine procedure. Nearly all of our postoperative hepatobil-
iary patients are managed on a regular surgical floor, unless
major issues are observed intraoperatively or anticipated
postoperatively. In those unusual circumstances, the patients
are managed in the intensive care unit.

Results

A total of 80 patients underwent robotic hepatectomy within
the study period. 60% of the patients were women, age of 63
(62.4 +14.1) years old, body mass index of 28 (29.6 +9.4)
kg/mz, ASA class of 2.5 (2.5£0.6), and MELD score of
7 (8.2 £2.8). Size of resected lesion was 3.9 (4.6 +3) cm
(Table 1). Indications for the hepatectomy were hepatocel-
lular carcinoma (27.5%), intrahepatic cholangiocarcinoma
(7.5%), gallbladder cancer (5%), colorectal cancer (26.3%),
neuroendocrine tumors (3.8%), and benign tumors (26.3%)
(Table 2). 41% of patients underwent left liver resection,
43% underwent right liver resection, while the remain-
ing 16% underwent central liver resection. Formal hemi-
hepatectomy (right or left) was performed in 25% of the
patients (Table 3). Operative time was 233 (267.2 +109.6)
min, and estimated blood loss was 150 (265.7 +319.9) ml.
Length of hospital stay was 3 (5.0+4.6) days [Table 3]. One
patient was converted to the conventional ‘open’ approach
due to difficulty in accessing a tumor located in posterome-
dial segment 8. While major intraoperative complications
were not seen, ten (12.5%) patients experienced postopera-
tive complications including bile leak, respiratory failure,
wound complications at the specimen extraction port site,
enterocutaneous fistula, urinary retention, and atrial fibril-
lation. Readmissions within 30 days of hospital discharge
were seen in eight (10%) patients (Table 3). Three patients

Table 1 Patients demographics

Characteristics Median Mean +SD
Age (years) 63 62.4+14.1
Sex 60% Women

BMI (kg/m?) 28 29.6+9.4
ASA class 2.5 2.5+0.6
Preoperative bilirubin (mg/dl) 0.5 0.8+1.0
MELD score 7 8.2+2.8
Size of lesion (cm) 3.9 4.6+3.0
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Table 2 Indications and type of liver resection Table 3 Postoperative outcomes and 30-day readmission
Type of tumor and operation N % Length of hospital stay 3 (5.0+4.6) days N/A
Hepatocellular carcinoma 7 275 Estimated blood loss 150 (265.7+3199)ml  N/A
Intrahepatic cholangiocarcinoma 6 7.5 Operative time 233(267.2+109.6) min  N/A
Gallbladder cancer 4 5 Open conversion ! 125
Metastatic tumors Intraoperative complications 0 0
a. Colorectal cancer 1 26.25 Postoperative complications
b. Neuroendocrine tumor 3 3.75 a. Bile leak 3 3.75
c. Ovarian carcinoma 1 1.25 b. Respiratory insufficiency 2 2.5
d. Renal cell carcinoma 1 1.25 c. Superficial wound infection 1 1.25
e. Stomach cancer 1 1.25 d. Wound dehiscence 1 1.25
Benign tumors e. Enterocutaneous fistula 1 1.25
4. Fibrous mass 8 10 f. Urinary retention 1 1.25
b. Hepatic adenoma 3 375 g. Atrial fibrillation 1 1.25
¢. Hemangioma 3 375 Mortality within 30 days 1 1.25
d. Mucinous cystic neoplasm 3 3.75 Readmission within 30 days
e. Fibronodular hyperplasia (FNH) 2 2.5 a. Bile leak 2 25
f. Angiomyolipoma 1 125 b. Pne.umonia., pleurafl effusion, 1 1.25
: respiratory insufficiency
g Leiomyoma ! 1.25 c. Jaundice 1 1.25
Type of 11\./er resection d. Wound dehiscence 1 1.25
Left partial hepatectomy 16 20 e. Rectal bleeding | 125
Left formal hepatectomy 1 17:3 f. Bilateral lower limb edema 1 1.25
Léﬁ extenfied hepatectomy 3 375 g. Intractable nausea and vomiting 1 1.25
Right partial hepatectomy 27 33.75
Right formal hepatectomy 6 7.5
Right extended hepatectomy 1 1.25 better cosmesis, and rapid return to preoperative activity
Central hepatectomy 13 1625 [14]. Multiple studies comparing the outcomes of laparo-

returned to the hospital due to liver specific complications
(two bile leaks and one transient jaundice). None of them
required reoperation. One patient had positive resection mar-
gin following a left extended hepatectomy for hepatocellu-
lar carcinoma involving beyond the secondary biliary duct
of the future liver remnant. Mortality within 30 days after
operation was seen in one patient who developed postopera-
tive respiratory failure.

Discussion

Hepatobiliary surgery has been always recognized as a chal-
lenging field of surgery, which is associated with delicate
works around the complex vascular and biliary structures,
necessitating meticulous and precise dissections [13]. There-
fore, majority of hepatobiliary operations are performed with
the traditional ‘open’ approach. A large ‘open’ incision is
associated with significant postoperative pain, high narcotic
requirement, increased length of hospital stay, and signifi-
cant wound complications. Minimally invasive surgery has
proven its advantages over the traditional ‘open’ approach,
including shorter hospital stay, decreased postoperative pain,

scopic and ‘open’ liver operations had confirmed similar
results [3, 15]. In a meta-analysis comparing laparoscopic to
‘open’ liver surgery, it was found that the laparoscopic liver
operations were associated with lower blood loss, decreased
need for blood transfusion, shorter hospital stay, and lower
30-day mortality rate compared to the traditional ‘open’
approach. This meta-analysis demonstrated the superiority
of laparoscopic liver resection [16].

In many other surgical subspecialties, minimally invasive
approach had been widely adopted and has even become
the standard of care. Laparoscopic liver surgery despite its
clear superiority has not been widely adopted by many liver
surgeons due to its technical complexity and challenging
nature, more specifically the steep learning curve associated
with laparoscopic liver resection. Difficulty in mastering this
technique partly stems from the inherited limitations of lapa-
roscopic techniques, including the fulcrum effect and the
limited degree of instruments movement [17]. The robotic
system overcomes these limitations by providing the surgeon
three-dimensional high-definition surgical vision, better
motion scaling, and internal articulated endowrist motion.
These benefits can be clearly appreciated when perform-
ing a meticulous dissection around the liver hilum and near
the major vascular structures, including the inferior vena
cava and the portal vein [17]. The robotic system also allows
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the operating surgeon to use three robotic arms. The third
arm can be locked in place while operating with other two
arms, which provides a great advantage in certain situations
such as when performing intracorporeal suturing or vascular
clamping in difficult locations [18].

Studies evaluating the safety and feasibility of using
the robotic approach for hepatobiliary surgery have been
relatively limited. Most case series are single institutional
with low number of patients (<50 patients). It has only
been a decade since the robotic technology was introduced
to the field of liver surgery. As mentioned above, robotic
technology offers solutions to the inherited limitations of
laparoscopic approach; however, robotic surgical system
comes with higher costs, which can be prohibitive to many
programs and places. Consequently, the exploration of the
safety and the outcomes of robotic liver surgery has been
limited to high-volume academic/transplant centers.

In this series, most of the patients were middle-aged over-
weight women; majority of them had normal preoperative
bilirubin with low MELD score. The majority of the resec-
tions were undertaken for malignant lesions, with hepato-
cellular carcinoma and colorectal liver metastasis being the
most common. Few had metastatic tumors from other origins
such as ovarian, stomach and renal cell cancer. Resections
for liver metastases were considered only in the absence of
peritoneal carcinomatosis or unresectable extrahepatic dis-
ease. All patients except one had negative margins after the
resection. The single R1 case was seen in a patient who
underwent extended left hepatectomy for a 17-cm left-sided
hepatocellular carcinoma involving a deep intrahepatic por-
tion of the right posterior hepatic duct, beyond the secondary
biliary radicles. Further, more aggressive bile duct resection
followed by Roux-en-Y hepaticojejunostomy reconstruction
was deemed unsafe. A quarter of the patients had benign
indications for liver resections. Those lesions were resected
because of severe symptoms (pain, fullness, and early sati-
ety) associated with the large tumors or in the presence of
diagnostic uncertainty despite multiple preoperative core
needle biopsies.

More complex resections were performed in this series
than any other reported series in the literature, as 30% of
the patients underwent formal or extended left/right hepa-
tectomies [14, 19]. Our median length of hospital stay was
only 3 days, which was difficult to simulate with ‘open’ liver
resection. The short hospital stay is contributed by mini-
mal postoperative pain, lower narcotic requirement, earlier
resumption of oral intake (postoperative day 0), and shorter
in-hospital recovery after robotic hepatectomy. The median
estimated blood loss for the entire cohort was 150 ml, with
only one patient required intraoperative blood transfusion.
Bleeding control is one of the most challenging aspects of
minimally invasive hepatectomy. Robotic system facilitates
meticulous dissection of the inflow vascular structures,
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which is the key factor of performing anatomical liver resec-
tion. Anatomical liver resection is associated with lower
blood loss [20, 21]. Bleeding from the hepatic veins dur-
ing parenchymal transection is also frequently the source of
significant blood loss. We routinely lower the central venous
pressure to <5 mmHg and remove the positive end expira-
tory pressure (PEEP) during the parenchymal transection,
in addition to detail mapping of the intrahepatic vascular
structures prior to starting the transection. While several dif-
ferent energy device options exist for open and laparoscopic
hepatectomy, the choice is rather limited with the robotic
technique. We utilize robotic monopolar electrocautery for
<2 cm superficial liver parenchymal transection, followed
by a robotic vessel sealer™ (Intuitive Surgical, Sunnyvale,
CA, USA) for the deeper parenchymal transection. The
robotic vessel sealer is capable of handling/sealing intra-
parenchymal blood vessels <7 mm in diameter. To achieve
bloodless liver parenchymal transection, we activate the jaws
while gradually closing them. Two applications of coagula-
tion were done prior to cutting. For the crossing intrahepatic
vascular structures > 8 mm, we prefer to use either a linear
vascular stapler or Hemolock clips™ (Intuitive Surgical,
Sunnyvale, CA, USA). The robotic approach provides the
surgeon with superior three-dimensional visualization, bet-
ter depth perception, increased dexterity, increased degree
of freedom, and ease of suturing. All of these advantages
facilitate precise parenchymal transection and further mini-
mize blood loss.

While this paper was not designed to compare the
results of robotic versus open and laparoscopic hepatec-
tomy, our results compared favorably to other reported
series [20]. Internally within our program, we do not have
a laparoscopic group for comparison since we mainly uti-
lize robotic approach for all our minimally invasive hepa-
tectomies. On the contrary, patients who underwent open
hepatectomy typically require major vessel resection and
reconstruction, which make this an “apple to orange” com-
parison. In this current series, ten (13%) patients experi-
enced postoperative complications, which is lower than
those reported in the literature. Ho et al. conducted a sys-
temic review of 19 case series including a total of 217 liver
resections, where they reported 20% postoperative com-
plication rate [20]. Choi et al. [17] from a modern Asian
liver cancer center in Korea reported 43.3% postoperative
complication rate. The most common complication in our
series was bile leak (3.8%). All of these patients were man-
aged with computed tomography (CT)-guided percutane-
ous drainage, and the drain was removed within 1-3 weeks
after the placement. One patient developed respiratory
insufficiency triggered by pneumonia and pleural effusions
after a robotic right partial hepatectomy for hepatocellular
carcinoma. His respiratory insufficiency was further com-
plicated by multiorgan failure and the patient eventually
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died on postoperative day 16. One patient developed an
enterocutaneous fistula, most likely from an unrecognized
bowel injury during extensive lysis of adhesions. This
patient had several prior incisional hernia repairs with
synthetic mesh placement.

The rate of ‘open’ conversion in our series was 1% due
to difficult access to the posteromedially located segment 8
tumor. Most series reported ‘open’ conversion rate between
6.7% and 20% [13, 17-24]. Despite the true advantage of
robotic approach over the conventional laparoscopic method
in liver surgery has not been validated in a randomized clini-
cal trial, we as strong proponents of robotic hepatectomy
believe that robot enables more complex liver resections to
be done safely. Because the robotic technique overcomes
many of the technical limitations of laparoscopic liver
resection, a greater percentage of major hepatectomy can
be completed in a truly minimally invasive fashion, without
the need of a handport or a minilaparotomy incision [19].
Tsung et al. reported a matched comparison study comparing
robotic to laparoscopic hepatectomies. In that study, 93% of
robotic hepatectomies were completed in purely minimally
invasive fashion compared to only 49.1% of those that were
performed laparoscopically [19]. Specifically for robotic
liver surgery, it is vital to have an adequately trained surgeon
at the patient’s bedside as a ‘wingman’ who helps managing
the installation and the exchange of the robotic arms along
with suctioning and optimal retraction to help providing the
best exposure to the operating surgeon, and also to perform
safe stapling of major vessels during parenchymal transec-
tion when needed [25-27].

Readmissions within 30 days of hospital discharge were
seen in eight (10%) patients. Two patients were readmit-
ted for bile leak which was managed by percutaneous
drain placement. One patient presented to the emergency
department for jaundice without any other systemic symp-
toms. CT scan did not show any evidence of biliary leak
or obstruction. He was readmitted to the surgical floor
for fluid resuscitation and the jaundice gradually resolved
within 48 h. No patients required reoperation in this series.

Conclusion

Our serious support that robotic hepatectomy is safe and
feasible, with favorable short-term outcomes for both benign
and malignant tumors and with a low ‘open’ conversion rate.
Robotic technology extends the application of minimally
invasive techniques in the field of hepatobiliary surgery.
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