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Abstract

The benefits of minimally invasive approaches in oncologic surgery are increasingly recognized, and laparoscopic liver surgery has
become increasingly widespread. In light of the complexity and technical challenges of hepatobiliary procedures, robotic
approaches are also employed. The utility, safety, and oncologic integrity of these methods in the management of primary liver
cancers are reported. PubMed was used to search the medical literature for studies and articles pertaining to laparoscopic and
robotic liver surgery. Studies that particularly addressed hepatocellular carcinoma and cholangiocarcinoma were identified and
reviewed. Laparoscopic liver surgery, including for major resections, has been shown to be safe in experienced hands without any
compromise of oncologic outcomes for either hepatocellular carcinoma or intrahepatic cholangiocarcinoma. Some studies show
improved clinical outcomes including shorter hospital stays and lower complication rates when compared to open surgery,
particularly for patients with cirrhosis. Robotic liver surgeries seem to have equally acceptable clinical outcomes; however, there is
limited data regarding oncologic integrity and considerable additional expense. Laparoscopic and robotic liver resections are both
feasible and safe for the management of primary liver tumors. Future studies should aim to clarify specific indications and optimize
applications of these approaches.
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Introduction The introduction of the da Vinci Surgical System (Intuitive
Surgical, Inc, Sunnyvale, California) in the early 2000s aimed
to address some of the technical limitations of laparoscopic
surgery. This alternative minimally invasive approach offers
a greater range of motion, enhanced instrument dexterity, mini-
mization of surgeon tremor, and a 3-dimensional view of the
surgical field. Several early series demonstrated its safety and
success when employed in abdominal surgery to treat a variety
of diseases including antireflux operations, cholecystectomy,

The benefits of minimally invasive surgery in enhanced
patient recovery and reduced morbidity are increasingly
recognized. This is especially important in oncologic surgery
where time to recovery postoperatively can impact the initia-
tion of adjuvant chemotherapy. Colorectal surgeons were
among the earliest practitioners to widely adopt minimally
invasive approaches, and studies in that field have shown
decreased complication rates, decreased to time to chemother-
apy, and decreased margin positivity for patients with color-
ectal cancer who underwent minimally invasive surgery as
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bariatric procedures, and colonic, gastric, and adrenal resec-
tions.””” Although a few of these studies described robotic liver
resections—7 out of 153 procedures in one study, 3 of 207 in
another—they constituted a small minority of robotic surgeries
performed.®® This trend has continued with colorectal, baria-
tric, foregut, cholecystectomy, and, more recently, pancreatic
procedures being the most commonly approached with a
robotic technique and the most widely studied within the field
of general surgery.'®!!

Given the predominantly positive outcomes observed in
other fields, minimally invasive techniques are increasingly
employed in hepatobiliary surgery and for the resection of
primary liver tumors. The liver presents significant technical
challenges for the application of minimally invasive tech-
niques. The need to mobilize the liver attachments including
those that are very posterior, the limited space in which to
maneuver, the complex and variant hepatic vascular and biliary
anatomy, and the friable or fibrotic parenchyma, in patients
with steatosis or cirrhosis, all present significant challenges.
Laparoscopic liver resections are increasingly being performed
and reported, and the theoretical benefits of robotic surgery in
liver resections are apparent. Many studies comparing out-
comes after minimally invasive liver resection to those after
open resection demonstrate encouraging results. A recent large
comparative analysis of the National Surgical Quality
Improvement Program database by Bagante et al reviewed
3064 patients undergoing hepatectomy and compared 609 open
resections to 609 minimally invasive resections, including
laparoscopic and robotic cases, with propensity matching.'?
The incidence of wound infection, blood transfusions, pulmon-
ary embolism, liver failure, and biliary leakage were all lower
after minimally invasive resections when compared to open
procedures. Hospital stays were shorter and 30-day mortality
and readmission rates were comparable.

Laparoscopic Liver Resection

Laparoscopy in liver surgery was initially employed for pre-
dominantly benign lesions and nonanatomic resections in part
due to fear that oncologic outcomes may be compromised with
a laparoscopic approach and that port site seeding may occur.
One large literature review in 2009 by Nguyen et al'**'* looked
at over 2800 cases and found that 45% of the procedures were
wedge or single-segment resections with an additional 20%
reported as left lateral segmentectomies, all technically easier
resections to perform laparoscopically. Early laparoscopic liver
surgery was well tolerated and safe, with reported mortality
rates of 0% to 0.3% and morbidity reported at 10.5% to 12%.
Eventually, its application became more widespread and larger,
and anatomic resections were performed. One study looked
exclusively at laparoscopic major hepatectomies at 6 major
international centers and reported on 210 cases performed
between 1997 and 2008. Overall complications were low with
liver-specific complications being even lower, 13.8% and
8.1%, respectively, and only 2 patients died in the postopera-
tive period.'?

In 2008, an international consensus conference was held to
address the topic of laparoscopic liver surgery, and the Louis-
ville Statement was issued in 2009.'® They concluded that (1)
currently acceptable indications for laparoscopic liver surgery
include solitary lesions of 5 cm or less and located in seg-
ments 2 to 6; (2) laparoscopic left lateral sectionectomy
should be considered standard of care; (3) major laparoscopic
liver resections should be performed exclusively by experi-
enced surgeons; (4) conversion to an open procedure should
be readily considered for reasons of patient safety, long oper-
ating times, and difficulty of resections; and (5) a hand-
assisted or hybrid approach may be beneficial. Although the
feasibility and safety of laparoscopic liver resection has been
shown, multiple studies have shown the learning curve for
laparoscopic to be significant, with 45 to 75 cases needed for
competency.'*' This is a potentially limiting factor in its
widespread adoption and implementation.

Robotic Liver Resection

With the safety of minimally invasive liver surgery well estab-
lished, robotic approaches were increasingly employed to
address the technical difficulties of laparoscopy. An additional
appeal was the possibility of reducing the significant learning
curve that had been demonstrated in laparoscopic liver surgery.
One recent review by Ocuin et al*> summarized 14 major
series>>¢ in the literature that included 439 patients who
underwent robotic-assisted liver resection. An overall conver-
sion rate of 7% was reported, which was slightly higher than
the 4% conversion rate reported in the large review of laparo-
scopic liver resection by Nguyen et al.'* The overall complica-
tion rate was reported to be 21% with individual series ranging
from 0% to 43%. The most common complications were bile
leak and intra-abdominal collections, and no perioperative
mortality was reported in any study. Operative times ranged
from 90 to 812 minutes and blood loss ranged from 50 to 413
mL; and as reported by Tsung et al,?® both of these parameters
seemed to downtrend as the surgeons and operative teams
gained more experience.”®

Studies have compared outcomes after robotic liver resec-
tion to both open and laparoscopic approaches. One study from
Memorial Sloan Kettering®’ reported on a case-matched series
of 64 patients undergoing open hepatectomy compared to 64
patients undergoing robotic hepatectomy. They found signifi-
cantly shorter operative times, lower blood loss, and shorter
hospital stays with the robotic cohort. Ocuin et al** summar-
ized 8 series that statistically compare robotic to laparoscopic
liver resections published between 2010 and 2014,2323-27-33-36
Some studies such as Tsung et al*® and Spampinato et al**
showed longer operative times with robotic surgeries, though
this seemed to improve with experience. The majority of stud-
ies did not demonstrate a difference in operative times, blood
loss, complications, or length of hospital stay between the 2
cohorts. A few studies such as Troisi et al*> had a higher con-
version rate (20% vs 8%) with robotic approach than with
laparoscopy, but again the majority of studies did not show a
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difference. A more recent review and meta-analysis by Qiu
et al*® included 9 studies and 774 patients and compared
robotic to laparoscopic liver resection. They found signifi-
cantly longer operative times with robotic procedures but no
significant differences in blood loss, hospital stay, morbidity,
mortality, or surgical margins.

Oncologic and Clinical Outcomes for Primary
Liver Tumors

Hepatocellular Carcinoma

A plethora of studies have largely allayed fears that oncologic
outcomes would be compromised with a laparoscopic approach
to liver surgery. Both meta-analyses and case-controlled series
have shown similar rates of margin positivity, recurrence, and
survival when comparing laparoscopic and open liver resec-
tions for hepatocellular carcinoma (HCC), with several show-
ing improved clinical outcomes with laparoscopic approaches.
One meta-analysis examined 9 studies and 550 patients, 234
who had undergone laparoscopic liver resection and 316 who
had open liver resection. No difference in tumor recurrence or
margin positivity was demonstrated and patients who under-
went laparoscopic surgery were found to have significantly
lower blood transfusion requirements, shorter hospital stays,
and lower rates of liver failure and ascites postoperatively.*
Another large, case-matched analysis looked at 436 patients
undergoing laparoscopic resection and 2969 patients under-
going open liver resection for HCC from 2000 and 2010 at
31 Japanese centers. This study also demonstrated no signifi-
cant difference in survival or disease-free survival between the
2 groups but showed lower median blood loss, shorter median
hospital stays, and lower complication rates in patients under-
going laparoscopic liver resection.*’

One criticism that is often raised with such studies is that
open surgery, rather than minimally invasive, is still more
widely employed for larger, more difficult to access tumors,
which may affect the clinical outcomes when comparing the
2 groups. A study from China specifically looked at HCC
arising in the posterosuperior segments of the liver, for which
open surgery is traditionally used due to difficult accessibility.
When comparing 41 laparoscopic resections to 86 open resec-
tions for such tumors, they also found significantly shorter
hospital stays, lower complication rates, and lower intraopera-
tive blood loss after laparoscopic surgery, with no difference in
overall or disease-specific survival at 1 and 3 years.*' Another
study more specifically addressed the issue of large tumor size
by comparing 97 laparoscopic liver resections to 178 open resec-
tions, all done for HCC tumors between 5 and 10 cm. They also
showed lower rates of complications and shorter hospital stays
for the laparoscopic group, with similar rates of recurrence and
overall and disease-free survival at 1 and 3 years.*?

Concerns have also been raised about the safety of
minimally invasive approaches in patients with cirrhosis. Port
site access can be more challenging due to recanalized veins in
the abdominal wall, and there are concerns that the friable liver

parenchyma may be more prone to bleed during mobilization
and transection. Additional studies looked exclusively at
laparoscopic versus open liver resections for HCC in patients
with established cirrhosis and showed similarly improved clin-
ical outcomes following laparoscopic surgery without a nega-
tive impact on oncologic outcomes. One study from Japan
compared 63 laparoscopic to 99 open HCC resections in cir-
rhosis and showed lower rates of morbidity and ascites and
shorter hospital stays following laparoscopic compared to open
resection, without a demonstrable difference in survival.*?
Another study from France compared patients with cirrhosis
undergoing laparoscopic versus open HCC resection with
45 patients in each group and again showed lower rates of
morbidity and ascites, shorter hospital stays, and shorter opera-
tive times after laparoscopic procedures. Survival at 1, 5, and
10 years was not significantly different, and interestingly,
higher rates of RO resections were actually observed following
laparoscopic compared to open procedures (95 vs 85%; P =
.03).** Another French study*’ looked specifically at peripheral
HCC tumors in patients with cirrhosis and compared 36 patients
undergoing laparoscopic resection to 53 who underwent open
resection, with similar resection margins and survival rates at
5 years and shorter hospital stays in the laparoscopic group.
A recent literature review and meta-analysis*® summarized
4 cohort studies including 420 patients with cirrhosis under-
going HCC resection and demonstrated several improved out-
comes after laparoscopic compared to open surgery including
significantly less blood loss, reduced transfusions, wider resec-
tion margins, shorter hospital stays, and lower morbidity in the
laparoscopic cohort.

Less data exist on the application of robotic surgery for
HCC; however, a recent study®’ from Korea compared 99 mini-
mally invasive resections to 198 open resections using a 1:2
propensity-score matched analysis, and their minimally inva-
sive cohort included 83 laparoscopic resections and 16 robotic
resections. Similar to purely laparoscopic cohorts, they found
less blood loss, lower complication rates, and shorter hospital
stays after minimally invasive approach, without a difference
in disease-free or overall survival. In the review summarizing
14 major series of robotic liver resections by Ocuin et al,** the
indication for surgery for 147 of the 439 cases reported was
HCC. Most series reported on a mix of tumor types, but 2
studies®*?* reported almost exclusively on HCC. One series**
from China reported on 41 patients with consecutive HCC who
underwent 42 robotic liver resections. The majority were
wedge resections, segmentectomies, or left lateral sectionec-
tomies, but 10 procedures were major hepatectomies. The RO
resection rate was 93% and the inhospital mortality and mor-
bidity were 0% and 7%, respectively. At 2 years, the overall
and disease-free survival rates were 94% and 74%, respec-
tively. In a subgroup analysis of the minor robotic liver resec-
tions as compared to laparoscopic resections, they found
similar blood loss, morbidity, mortality, and RO resection rates
between the 2 groups. Another study by Wu et al** compared
69 laparoscopic liver resections to 52 robotic resections at a
single Taiwanese center. Forty-one (59%) of the laparoscopic
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cases were done for HCC as were 38 (73%) of the robotic cases.
In looking specifically at the HCC subgroup, they found the
conversion rate, length of hospital stay, morbidity, and mortal-
ity to be comparable between the 2 groups, though robotic
cases did have significantly more blood loss and longer opera-
tive times than did laparoscopic cases, and the tumor sizes and
resections performed in the robotic cohort were also signifi-
cantly larger.

Cholangiocarcinoma

The overall published data for minimally invasive resections of
cholangiocarcinoma is far less than what is reported for HCC.
This is likely owing to both the much lower incidence of cho-
langiocarcinoma compared to HCC and the technical chal-
lenges associated with cholangiocarcinoma resections
including the need for major liver resection and lymphadenect-
omy. The available studies, however, suggest that laparoscopic
approaches to liver resection for intrahepatic cholangiocarci-
noma have also shown comparable clinical outcomes with no
difference in oncologic outcomes. One small study®® out of
Korea compared 23 open to 14 laparoscopic resections for
intrahepatic cholangiocarcinomas and found comparable
complication rates and length of hospital stays between the
2 groups. Oncologic outcomes were also similar with no sta-
tistical difference in the number of lymph nodes harvested,
overall survival, and recurrence-free survival at 3 years.
Another small Korean study* looked specifically at patients
with T stage T2b or lower cholangiocarcinomas undergoing
open resection, 26 cases, versus laparoscopic resection,
11 cases, and showed no differences in resection margins, opera-
tive times, transfusions, mortality, or length of hospital stay.
Recurrence rates and 3- and 5-year overall and disease-free sur-
vival rates were similar. A case-matched analysis® from Italy
compared 20 patients with cholangiocarcinoma undergoing
laparoscopic resection to 60 patients undergoing open resections
and found that less blood loss and faster functional recovery
were observed in the laparoscopic group. Disease-free and over-
all survival rates were comparable, and number of lymph nodes
harvested was not significantly different.

The technical challenges of cholangiocarcinoma resection
make a robotic approach to these cases theoretically very
appealing, especially when there is extrahepatic disease spread
requiring dissection of the portal triad and biliary reconstruc-
tion. This approach is not yet widely employed, however. In the
review by Ocuin et al,* intrahepatic cholangiocarcinoma was
the indication for only 7 of the 439 reported robotic liver resec-
tions. One recent study’' from China described an initial single
institution series of 10 fully robotic radical resections for hilar
cholangiocarcinoma and compared them to 32 contemporary
patients undergoing open surgery. Robotic surgeries took lon-
ger time, were significantly more expensive, and had higher
morbidity rates (90% vs 50%; P = .031). Additionally, 3 of 10
patients in the robotic group had serious complications
(Clavien-Dindo grade III or higher), and 1 patient in that group
died of liver failure in the postoperative period. Finally,

recurrence-free survival for the robotic group was significantly
lower than for the open group (P = .029) with higher rates of
peritoneal and multisite metastasis in the robotic group, though
these values did not reach statistical significance (60% vs 25%;
P = .059). Hilar cholangiocarcinomas have also been
approached laparoscopically, with 1 small series®” of 5 patients
from Korea showing negative margins in 4 of 5 patients and
only 1 serious complication of biliary leak that resolved spon-
taneously. More studies are needed to determine whether mini-
mally invasive techniques are appropriate for hilar
cholangiocarcinoma resections.

Cost of Minimally Invasive Surgery

In 2009, the cost of the da Vinci robotic surgical system was
reported at US$1.2 million, with an additional yearly cost of
US$138 000 for maintenance.*** A number of studies have
compared the expense of robotic liver resection to that of open
and laparoscopic approaches. One recent single institution ret-
rospective study” from the University of Washington com-
pared cost data for 71 robotic hepatectomies to 88 open
procedures and found that despite higher perioperative costs
for the robotic procedures, the postoperative costs and subse-
quent direct hospital costs were lower when compared with
open procedures (US$14 754 vs US$18 998; P = .001), per-
haps owing to a 2-day shorter hospital stay on average after
robotic procedures (4.2 vs 6.5 days; P < .001). A Chinese
series”> published in 2011 compared the cost of 13 robotic-
assisted laparoscopic hepatectomies to 20 traditional laparo-
scopic and 32 open resections. They found that combined cost
of the robotic procedures (US$12 046) was higher than the cost
of both the laparoscopic (US$7618) and open procedures
(US$10 548). Hospital stays were shortest after laparoscopic
procedures (5.2 days), followed by robotic procedures (6.7
days) and longest after open procedures (9.6 days). Yu et al*®
examined cost data from their Korean series comparing laparo-
scopic to robotic liver resections and found that when compar-
ing 13 patients who underwent robotic liver resection with 17
patients who underwent laparoscopic liver resection, the cost of
robotic procedures was significantly higher (US$11 475 vs
US$6 762; P < .001), despite a trend toward shorter hospital
stay (7.8 vs 9.5 days; P = .053). The increased cost of mini-
mally invasive techniques is certainly significant, but data thus
far are inconsistent and are likely to change as the market
surrounding this technology evolves.

Conclusion and Future Aims

The safety and utility of laparoscopic surgery for HCC have
been well established, and many studies have demonstrated
improved clinical outcomes following laparoscopic surgery
even when applied for tumors that are large, difficult to access,
or in the setting of cirrhosis. Studies consistently show equiva-
lent or improved perioperative parameters with laparoscopy
when compared to open surgery including lower estimated blood
loss, fewer transfusions requirements, fewer complications
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including liver failure and ascites, and shorter hospital stays.
Outcomes after resection of intrahepatic cholangiocarcinoma are
similar with clinical outcomes either equivalent or better when
compared to open surgeries, with no compromise in oncologic
results. For both pathologies, oncologic outcomes including
overall and disease-free survival remain the comparable between
laparoscopic and open cohorts, and quality measures such as RO
margin status and adequate staging with lymph node harvest are
not compromised with laparoscopy. It may even be reasonable to
consider laparoscopy the standard of care for liver resection in
appropriate patients, with the overarching caveat being that both
the surgeon and the operative team must have adequate training
and expertise with such approaches and technology. The data on
robotic surgery for resection of primary liver tumors are more
limited and results are more mixed. The considerable expense
incurred with this technology, which several studies show is not
compensated for even with shorter hospital stays, cannot be
ignored. In moving ahead, the challenge will be to continue to
clarify indications for different surgical approaches based on
patient and tumor characteristics and surgeon expertise, in order
to optimize perioperative parameters, postoperative recovery,
long-term oncologic outcomes, and health-care costs.
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