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Abstract

In living donor liver transplantation (LDLT) the safety of the live donor (LD) is of
paramount importance. Despite all efforts, the morbidity rates approach 25%-40%
with conventional open donor hepatectomy (DH) operations. However, most of
these complications are related to the operative wound and despite increased self-
esteem and satisfaction in various quality of life analyses on LD, the most
common grievance is that of the scar. Performing safe and precise DH through a
conventional laparoscopic approach is a formidable task with a precipitous
learning curve for the whole team. Due to the ramifications the donor operation
carries for the donor, the recipient, the transplant team and for the LDLT program
in general, the development and acceptance of minimally invasive DH (MIDH)
has been slow. The robotic surgical system overcomes the reduced visualization,
restricted range of motion and physiological tremor associated with laparoscopic
surgery and allows for a comparatively easier transition from technical feasibility
to reproducibility. However, many questions especially with regards to standard-
ization of surgical technique, comparison of outcomes, understanding of the
learning curve, etc. remain unanswered. The aim of this review is to provide
insights into the evolution of MIDH and highlight the current status of robotic
DH, appreciating the existing challenges and its future role.

Key Words: Liver transplantation; Donor hepatectomy; Minimal invasive surgery; Robotic
surgery; Outcomes

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: While pioneering attempts are necessary in surgery to allow the development
of expertise, the use of technologies in progressively sophisticated procedures must be
carefully monitored and gradually implemented to ensure patient safety. The robotic
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surgical system overcomes reduced visualization, restricted range of motion and
physiological tremor associated with conventional laparoscopic surgery. However,
robotic donor hepatectomy needs to be evaluated carefully in experienced hands and a
cautious approach is crucial, as even one untoward event in the donor surgery may
significantly set back progress.

Citation: Rammohan A, Rela M. Robotic donor hepatectomy: Are we there yet? World J
Gastrointest Surg 2021; 13(7): 668-677

URL: https://www.wjgnet.com/1948-9366/full/v13/i7/668.htm

DOI: https://dx.doi.org/10.4240/wjgs.v13.i7.668

INTRODUCTION

Surgical innovations help facilitate the continuous refinement of the art of surgery.
One such remarkable advancement has been the advent of minimally invasive surgery
(MIS). It has dramatically improved outcomes with regards to pain, morbidity and
recovery. The undeniable benefits of MIS have led to its acceptance across various
surgical specialties, making it an integral component of a surgeon’s armamentarium|[1-
4]. As expected, even in the field of hepatobiliary surgery, the benefits of minimally
invasive hepatectomy (MIH) have been unequivocally demonstrated by meta-
analyses, consensus guidelines and recommendations, and the procedure is becoming
a standard practice[5,6].

In living donor liver transplantation (LDLT), the safety of the live donor is of
paramount importance. Despite all efforts, the morbidity rates approach 25%-40% with
conventional open donor hepatectomy (ODH) operations[7-10]. However, most of
these complications are related to the operative wound (hernia, obstruction, wound
infection, chronic pain, etc.) and despite increased self- esteem and satisfaction in
various quality of life analyses on live donor (LD), the most common grievance is that
of the scar[6-10]. Considering the advantages of MIH, it is but intuitive to try and
transfer these benefits to the LD operation. Apart from its other purported benefits,
adaptation of MIH to the donor hepatectomy (DH) operations extends beyond the
realms of the operation itself. Improved patient satisfaction helps reduce the barriers
to donation, thereby improving donation rates in general. To this an end, minimally
invasive DH (MIDH) using conventional laparoscopy was introduced. Nonetheless,
performing a safe and precise DH operation through a conventional laparoscopic
approach remains a formidable task with a precipitous learning curve for the whole
team[5,6,11]. Due to the ramifications the donor operation carries for the donor, the
recipient, the transplant team and for the LDLT program in general, the development
and acceptance of MIDH has been slow.

The robotic platform along with its purported advantages has helped overcome
many of the disadvantages inherent to conventional laparoscopic surgery[12-16].
These systems are now gaining traction and are replacing the conventional laparo-
scopic operation. However, many questions especially with regards to standardization
of surgical technique, comparison of outcomes, understanding of the learning curve,
etc., remain unanswered[6,11-14]. The aim of this review is to provide insights into the
evolution of MIDH and highlight the current status of robotic DH (RDH), appreciating
the existing challenges and its future role.

EVOLUTION OF MIDH

The concept of minimal invasive donor operation was first introduced in the live
donor renal transplantation by Ratner et al[17] in 1995. Buoyed by the unequivocal
success and safety of the renal donor operation, the team from France (Cherqui and
Soubrane) performed the first MIDH as a conventional laparoscopic DH (CLDH)
operation in 2002[18]. Notwithstanding the proponents of hybrid (laparoscopy
assisted, hand assisted or small incision) techniques, for close to a decade MIDH was
limited to paediatric liver transplantation (LT)[10,19,20]. It was in 2012 that a Korean
team and almost simultaneously a French team independently performed a purely
laparoscopic MIDH for right lobe donation[21,22]. The same year a Belgian team of
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surgeons presented their series of purely laparoscopic left lobe MIDH[23]. Despite the
initial successes, the operation remained confined to highly specialised centres, and
MIDH accounted for less than 2% of all LD operations[12,24-26]. The robotic platform
was introduced to aid and flatten the learning curve of MIS. Surgeons from the
University of Illinois-Chicago pioneered the robotic LD nephrectomy operation and
demonstrated excellent results[21,27,28]. With a proficiency of over 70 robotic
hepatectomy for various indications, Giulianotti et al[29] from Chicago successfully
performed the first right lobe RDH. Several other units, including those from Taiwan
and Saudi Arabia have successfully replicated the results and safety of RDH since that
first report[6,14-16,21,27,28,30].

EVIDENCE FOR MIDH

To date over 500 MIDH left lateral segment have been performed[6]. Case-control
studies comparing it with ODH and 5 meta-analyses observed a significantly reduced
intraoperative blood loss, similar or lower donor morbidity and shortened hospital
stay in the MIDH (CLDH and RDH) cohort[1,31-34]. A lower blood loss was explained
by the magnified view in MIDH which allowed for a better dissection and bleeding
control. The presence of pneumoperitoneum, with its higher intraabdominal pressure
reduced low pressure venous bleed and allowed for an easier control. While literature
has been mixed with regards to superiority of the MIDH, none of the meta-analyses
showed MIDH to have higher complication rates. A study from Korea suggested that
there could be a higher risk of operative morbidity including traction injuries,
hematomas and a higher post-operative liver enzyme levels at the beginning of the
learning curve[2,35]. There is no report of a donor mortality with MIDH. One patient
had a cardiac arrest during a hybrid procedure[3]. However, this incident was not
contributed to by the size of the incision.

Post-operative pain score and morphine requirements were significantly less with
MIDH, so were rates of early wound related complications[1,6,31-34]. Interestingly
liver-specific morbidity (bile leak, etc.) was also not significant between the two groups
(ODH vs MIDH). Cosmesis, body image and reduced absenteeism from work was
significantly better with MIDH. Long term outcomes especially with regards to the
incision (keloid, etc.) and quality of life analyses have significantly favored the MIDH
[1,6,31-34]. However, no major difference was noted between a limited midline
incision based hybrid MIDH and a CLDH][6,10,32-34] (Table 1).

An interesting study showed that the complication profile of left lateral segment
(LLS) MIDH was comparable to a standard minimal invasive donor nephrectomy,
suggesting a decisive shift in mindset towards accepting LLS MIDH as a similarly
standard procedure[36]. Most studies looking at recipient outcomes have shown
similar overall recipient morbidity and 90 d mortality with both MIDH and ODH[1,6,
32-34]. Despite concerns of a longer warm ischemia time related to retrieving the graft
in MIDH, comparative studies including those with propensity score matching did not
show a higher incidence of primary non-function or differences in liver function tests
in the early post-operative period[6,36-38].

When comparing right lobe liver grafts, a series showed a higher incidence of
hepatic vein stenosis in the MIDH]2,35,37]. Another large case-control study from
Korea with propensity score matched analysis showed a higher incidence of Clavien-
Dindo complication 3b-5 in the right lobe MIDH group|[6,37]. The mortality and graft
failure rates at 1 year were however not different from ODH. These complications
were attributed to the use of a vascular stapler in the division of hepatic veins. A
recent large case-control study from Korea with propensity matched groups of 198
cases each observed a higher incidence of early and late biliary complication in the
right lobe MIDH group as compared to the ODH group (early 10% vs 4% and late 39%
vs 21%, P < 0.05)[2,6,35,37]. One reason cited for this was difference was the site of
duct division leading to a higher number of ducts in a right lobe graft from MIDH.
These points were highlighted in a recent consensus to stress the importance of
structured and proctored training in MIDH.

It must however be conceded that anecdotal negative experiences especially during
the initial stages of an innovative technology may not get reported. This bias often
leads to an overtly optimistic opinion of the novel technique. Another fallacy is with
regards to selecting the cases for MIDH. More often the “ideal” donor is chosen to
enable a relatively facile operation. Extrapolating data from these experiences may not
reflect the real-world scenario. Idiosyncrasies and expertise available in the unit are
also likely to influence outcomes and would need to be taken into consideration before
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Table 1 Evidence based comparison between open, conventional laparoscopic and robotic donor hepatectomy

ODH

CLDH

RDH

Pre-operative aspects

Selection

Intra-operative aspects
Operative time

Blood loss

Warm ischemia time
Post-operative aspects

Pain scores

Analgesic use

Peak AST

Donor morbidity

Overall donor complication rates

Biliary complications

Wound complications

Return to work

Analgesic use

Hospital stay

QOL scores

Donor mortality

Recipient morbidity

Outcomes (overall Clavien-
Dindo 3b-5 complication rates)
Primary-non function

90 d mortality

Surgical expertise

Learning curve

Surgeon ergonomics & operative
ease (vision, ease of suturing etc.)
Haptic feedback

Surgical adjuncts

Surgical expertise required
Logistics & infrastructure
Economics

Availability

Favourable anatomy

during the learning
curve

Comparable

Higher

Shorter

Higher

Higher

Higher

Standard|[3,7-9]

Higher

Higher

Later

Higher

Longer

Lower[7-10]

Reported[7-10]

Standard

Similar

Similar

Gold Standard

Gold standard

Present

Available

Open donor surgery

Standard

Every LDLT unit

Favourable anatomy & body habitus during the learning

curve[6,11,39,40,42]

Comparable[1,31-34]

Lower than ODH][1,31-34]

Longer[1,31-34]

Lower[1,6,31-34]

Lower[1,6,31-34]

Lower([1,6,31-34]

Lower[1,6,31-34]

Lower[6,10,32-34]

Lower[1,6,31-34]

Earlier[1,6,31-34]

Lower[1,6,31-34]

Shorter[1,6,31-34]

Higher[1,6,31-34]

None reported[1,6,31-34]

Higher in right lobe CLDH[6,37], higher early and late
biliary complications|2,6,35,37], higher incidence of hepatic
vein stenosis[2,35,37]

Similar[6,36-38]

Similar[1,6,32-34]

Longer[6,11,39,40,42]

Poorer[6,11,39,40,42]

Present

Available

Open and laparoscopic liver surgery[6,11,39,40,42]

Comparable to ODH

Centres with expertise in liver and laparoscopic surgery][6,

11,39,40,42]

Favourable anatomy during
the learning curve[13-15,29,
44]

Comparable[17,18,33,47,48]
Lower than ODH[1,31-34]

Longer[1,31-34]

Lower (similar to CLDH) [1,
31-34]

Lower (similar to CLDH) [1,6,
31-34]

Lower (similar to CLDH) [17,
18,33,47,48]

Lower (similar to CLDH)[17,
18,33,47,48]

Lower[17,18,33,48]

Lower (similar to CLDH)[17,
18,33,47,48]

Earlier (similar to CLDH)[17,
18,33,47,48]

Lower (similar to CLDH)[17,
18,33,47,48]

Shorter (similar to CLDH)[17,
18,33,47,48]

Higher (similar to CLDH)[17,
18,33,47,48]

None reported

Lower (Similar to ODH)[15,
16,30,44]
Similar[17,18,33,47,48]

Similar[15,16,30,44]

Shorter (comparable to ODH)
[13-15,29,44]

Better (comparable to ODH)
[13-15,29,44]

Absent[17,18,33]

Limited availability[13-15,29,
44]

Open liver surgery|[33,47,48]

Expensive[15,16,30,44]

Limited to centres with a
robotic platform[17,18,33,47]
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ODH: Open donor hepatectomy; CLDH: Conventional laparoscopic donor hepatectomy; RDH: Robotic donor hepatectomy; AST: Aspartate transaminase;
LDLT: Living donor liver transplantation; QOL: Quality of life.

Jaishideng®

interpreting the evidence. Ideally large multicenter randomized trial would help even
the playing field. However, given the poor permeation of the technique, this may not
be realistic or ethical. Instead, establishing an international donor registry might help
elucidate the granularity of international experience.

CHALLENGES IN MIDH

The LD operation is unique in that it has the potential to cause serious complications
to the donor and the recipient. This caveat has led to a slower acceptance of MIDH.
Operative challenges in the MIDH include tackling complex and myriad anatomical
variations, transecting highly vascular liver parenchyma to minimize congestion/
ischemia, the need for precise transection of the bile duct to avoid biliary issues to both
donor and recipient and securing hemostasis in the presence of bleeding. Hence, the
level of technical expertise required for a safe CLDH include amalgamating an in-
depth knowledge of liver anatomy and liver surgery along with a mastery of advanced
laparoscopic surgery. This is a rare combination, restricting the propagation of CLDH
beyond a handful of highly specialized units across the globe.

A learning curve is defined as the improvement in performance over time or the
change in the ability to complete a task until failure is decreased to a constantly
acceptable rate. The learning curve for CLDH is sharp and precipitous. As a part of the
learning curve, LLS CLDH requires approximately 20 procedures by an experienced
transplant-laparoscopic surgeon, the same increases to between 45 and 60 for right
lobe CLDH[39-42]. Moreover, the learning curve is not limited to the surgeon. MIDH
imposes immense demands on the transplant program with regards to equipment,
trained allied health personnel in both laparoscopic surgery and DH. An institution
wide competence is a sine qua non for the successful implementation of MI LDLT
program[6,11,39,40,42].

The benefits of MIDH can only be realized when done safely, and it must be
remembered that safety is the primary tenet of LDLT. Therefore, the use of MIDH can
only be rationalized if outcomes for the transplant pair are equal if not better than the
ODH. In this regard it is important to recognize that irrespective of the type of DH, the
donor assessment process remains the same. A donor evaluation is aimed at revealing
conditions that could increase the risk perioperative complications in the healthy
donor. This systematic evaluation excludes an unfit prospective donor at an early
stage, while allowing for suitable candidates to proceed towards donation. Every
LDLT program is required to have its own well-defined criteria and algorithmic
process of selecting the transplant pair; remarkably these protocols published by teams
across the globe are very similar.

Donor selection on the other hand varies depending on the expertise available and
type of access chosen, more so in the early phases of evolution of a unit’s LDLT
program. Centers embarking on MIDH have invariably chosen patients with a
relatively lax abdominal wall and without previous surgeries to facilitate the laparo-
scopic view of the abdomen. It is but natural to err on the side of caution and select out
donors with a favorable body habitus and anatomy during this learning curve. These
are more pertinent when MIDH is performed for a right lobe graft. The unanimously
used albeit ill-defined criteria include one with a standard anatomy ideally with a
single and longer right hepatic artery, right portal vein and right hepatic duct along
with a large future liver remnant (35%-40%). Recipient characteristics also play an
important role in selecting the access for DH. A stable and low MELD recipient (LT for
hepatocellular carcinoma, etc.) is intuitively preferred over one with acute or acute on
chronic liver failure. The importance of selecting out the donors during the learning
phase of the operation allows for the acquisition of experience and standardization of
techniques before more challenging anatomy can be safely handled[2,35,43]. With
accruing experience and surgical expertise, most centers expand their selection criteria
with no increase in surgical morbidity for MIDH.
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ADVANTAGES OF RDH

The primary advantage of robot assisted surgery lies in the fact that it mirrors open
surgery rather than conventional laparoscopic surgery, handing the reins back into the
hands of the “open surgeon”. The robotic platform also has the added benefits of
overcoming restrictions in range of motion, physiological tremor and a limited field of
vision. The high resolution amplified 3D image, tremor filtration and additional
degrees of freedom of instruments allow for meticulous tissue handling, precise
dissection and easier suturing capabilities[13-15,29,44]. All of which are important pre-
requisites of a safe LD operation. As compared to the CLDH, RDH allows for a suture
closure of hepatic duct stump following the donor operation. Obviating the need for
clipping, this suture ligation provides an additional few millimeters of duct length on
both the donor and graft sides; potentially reducing the probability of multiple bile
ducts in the graft and biliary morbidity in the donor[15,16,30]. Integration of image
guidance has aided crucial intraoperative steps like bile duct division. Real-time
fluoroscopic guidance using indocyanine green enhances precision and safety of bile
duct division. Indocyanine green injection after temporary inflow control enhances
visualization of ischemic line of demarcation, allowing for a precise dissection to
minimize blood loss and ischemic parenchyma in the graft and donor[15,16,30,44].

Surgeons performing RDH claim to recognize an amplified sense of donor safety
due to aforementioned dexterity and optics. Teams have also maintained that the
recognition of vascular structures during hilar dissection and parenchymal transection
is superior to that of CLDH. All of these advantages converge to ensure that the
learning curve for RDH is a fraction of the CLDH. A series from Taiwan proposed that
the learning curve for RDH was 15 cases, which is just a third of what is required for
CLDH[15,16,30]. More importantly, a prior knowledge of laparoscopic surgery was
not an absolute prerequisite to initiate a RDH program. This has enormous implic-
ations in the dissemination of MIDH across LT units worldwide. Given the niche area
of expertise, most established LDLT centers are likely to have surgeons who are only
acquainted with basic laparoscopic skills. For these senior surgeons to learn advanced
laparoscopic skills would be akin to reinventing the wheel. Robotic surgery appears to
circumvent this issue of a steep learning curve and facilitates the laparoscopic
approach for surgeons entering the world of MIS at an already mature stage.

Literature comparing RDH with ODH shows comparable blood loss, complication
rates and donor recovery times. A series from Taiwan consisting of 13 RDH showed a
reduced analgesic requirement and earlier return to work in the RDH group[30]. Series
from Saudi Arabia consisting of 150 RDH also showed a significantly lower pain score,
blood loss and in-hospital stay than ODH patients[15,16]. There were no differences in
recipient’s biliary and vascular complications rates. A recent study by Troisi et al[45]
comparing CLDH with RDH in 75 MIDH cases showed that both MIDH techniques
were equally safe and efficacious in terms of donor outcomes. The RDH procedure
however, had a shorter learning curve. Hence, while literature does not demonstrate
an inherent superiority of one technique over the other, it must be borne in mind that
these studies are from highly specialized units with competence in open, laparoscopic
and robotic surgery, leading to an inherent bias. Two international consensus
guidelines from 2018 and 2021 have suggested that the true benefits of RDH need
further elucidation, however the dramatically shorter learning curve to master the
procedure cannot be ignored[5,6].

LIMITATIONS AND FUTURE OF RDH

It is important to realize that CLDH has been performed for many more years than its
robotic counterpart and as proposed by the Morioka and Southampton Consensus is
standard practice especially for minor hepatectomy. Another aspect is that regardless
of its complexity, the consumables in RDH costs an average 2000 USD per procedure
more than ODH[15,16,30]. Adding to this the high cost of acquiring a robot makes the
broader adoption of RDH more restrictive than CLDH. A series from Taiwan showed
an almost three-fold increase in cost ($13436 vs $5019, P < 0.001) between RDH and
ODH]I30]. This combination of escalated cost and novelty has hindered its widespread
application.

Both the robotic system and its instruments are relatively in their infancy. Specific
tools dedicated to liver surgery are lacking and at present cannot be compared to those
used in ODH. Though seemingly trivial, lack of appropriate instruments can be quite
vexing for a novice robotic surgeon. Rigid energy devices used for liver parenchymal
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transection are one such example, where RDH needs advancements in technical
solutions. The robot itself is cumbersome and takes time to dock and undock at the
bedside. In MIDH, this potentially extra time to gain access to the patients during an
emergency situation raises concerns of safety. Unlike CLDH, the robotic arms work the
instruments, causing a lack of haptic feedback to the surgeon. In inexperienced hands,
dissection of fragile tissue and traction on suture material along with use of excessive
force while tying knots may be fraught with danger due to this uncontrolled pressure
applied by the robotic instruments. There also remains the need for two experienced
surgeons. One of them at the bedside to handle the non-robotic energy device like
cavitron ultrasonic suction aspirator. In RDH, should there be an intraoperative
adverse event, the role of the second surgeon becomes crucial in a rapid conversion to
open surgery.

Most of the surgical experience in robotic surgery is with the da Vinci platform
(Intuitive Surgical Inc., Milford, CT, United States), leading to a natural polarization of
resources and demands by the parent company. Nevertheless, other robotic systems
are entering the surgical arena and will help reduce the financial burden and
dependence on one platform[46-51]. Experience with regards to RDH is limited to a
few centers and are primarily retrospective case control studies or case series from
specialized units. Inherent selection bias and center experience limits the generaliz-
ability of this data. A prospective international registry for RDH remains a viable
alternative to performing large trials[5,6].

CONCLUSION

While pioneering attempts are necessary in surgery to allow the development of new
technologies, the use of such technologies in progressively sophisticated procedures
must be carefully monitored and gradually implemented to ensure patient safety.
Existing reports were derived from centers with tremendous experience in both
laparoscopic hepatectomy and DH. The technical complexity associated with these
procedures indicates an arduous transition from technical feasibility to reproducibility
and disseminated application. The application of MIS to DH is fraught with difficulty
due to anatomic variations and need for parenchymal transection. The robotic surgical
system overcomes the reduced visualization, restricted range of motion and
physiological tremor associated with conventional laparoscopic surgery. However,
RDH need to be evaluated carefully in experienced hands and a cautious approach is
crucial, as even one untoward event in donor surgery may significantly set back
progress.
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