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LAPAROSCOPIC AND ROBOTIC HEPATECTOMY
IN LIVING LIVER DONORS. CURRENT STATE AND PROSPECTS
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Minimally invasive living-donor hepatectomy is a relatively new surgical technique that can improve donor safety
and expedite donor rehabilitation. Following an early stage of research where donor safety was not adequately
established, the minimally invasive approach nowadays yields better outcomes when carried out by experienced
surgeons. Important factors include donor selection criteria, hospital equipment, and surgeon’s learning curve.
This review describes the current status of laparoscopic and robotic living-donor hepatectomy, along with the
challenges facing the advancement of these surgical techniques.
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INTRODUCTION

Living-donor liver transplantation (LDLT) became a
viable alternative to deceased-donor liver transplantation
(DDLT) due to a series of surgical innovations developed
in the late 20th century. This was prompted by the rapidly
increasing number of liver transplant (LT) candidates in
cases of severe organ shortage. In children with end-stage
liver disease, especially in their first years of life, reduced
cadaveric grafts and split LT are not always feasible due
to organ size and technical challenges. In some countries,
including the Russian Federation, there are no specific
legal prerequisites or well-defined regulations for using
children as deceased organ donors [1-2]. Liver grafts
from living donors provide comparable or even superior
outcomes in terms of graft function and long-term survi-
val, particularly in pediatric recipients, when compared
to whole or split LT from deceased donors [3—5]. LDLT
offers significant advantages over DDLT, primarily due
to the predictable quality of the liver parenchyma by se-
lection and preparation of related donors, and the ability
to plan the surgery under optimal conditions. Advance-
ments in hepatobiliary surgery and organ preservation
techniques have significantly improved the quality of
LDLT grafts, minimizing ischemic and mechanical inju-
ry [6-7]. More than 50% of pediatric LT worldwide are
performed using LDLT, with relatives being the primary
donors [8].

Donor safety during liver donation surgery, specifi-
cally hepatectomy;, is a significant concern, with compli-
cations like biliary problems (bile duct damage, leaks),
infections, and vascular issues (bleeding) contributing to
donor morbidity. Other factors such as adhesive intes-
tinal obstruction, postoperative hernias and prolonged
stay in the operating room may also contribute to donor
morbidity [9].

Minimally invasive donor hepatectomy (MIDH) has
emerged as a promising technique to reduce donor mor-
bidity. Potential advantages inherent in the minimally
invasive technique are better cosmetic results, less post-
operative pain, faster recovery, and earlier return to daily
activities [10]. MIDH was first described in France by
Daniel Cherqui and colleagues, who performed a laparo-
scopic left lateral sectorectomy on a 27-year-old female
donor for transplantation into her child. This pioneering
case paved the way for its widespread adoption.

The purpose of this review is to describe the current
status of laparoscopic and robotic donor hepatectomy
and to identify the barriers to the spread of these surgical
techniques.

CURRENT CHALLENGES

In the United States, LDLT peaked in 2001, when it
accounted for approximately 10% of all LT [12]. How-
ever, following reports of donor complications, the
number of LDLT procedures dropped by nearly 40% in
subsequent years [12, 13]. As a result, in 2021, when a
record 9,234 LT were performed in the United States,
only 6.2% of recipients received a graft from a living
donor. Most of these were right-lobe grafts [14]. These
data contrast with the figures cited for kidney donation.
For example, in 2021, related kidney donations accoun-
ted for 31.1% of all living-donor kidney transplants in
the United States [15].

According to the International Registry of Organ
Donation and Transplantation, in Asian countries such
as South Korea, Turkey, and Saudi Arabia, living-donor
organ transplantation significantly exceeds deceased-
donor transplantation. Meanwhile, there is no difference
by donated organ [16].

Several meta-analyses and randomized controlled tri-
als have confirmed that minimally invasive laparoscopic
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donor nephrectomy offers lower risks of complications,
less postoperative pain, faster rehabilitation, and con-
sequently lower treatment costs [17-19]. Living-donor
nephrectomy (LDN) is generally not considered a par-
ticularly technically challenging procedure, primarily
because the kidney is removed intact, including its cap-
sule, vascular pedicle, and ureter, without needing to
transect the parenchyma. On the other hand, MIDH is
more technically demanding than living-donor nephrec-
tomy (LDN) because it requires parenchymal transec-
tion, and also liver resection is associated with individual
anatomical features of each donor [20]. These factors,
especially the anatomical complexity and the size (thick-
ness) of the parenchyma, have slowed down progress in
the development of this surgical field [21].

Donor safety and rapid postoperative rehabilitation
are the two main goals of minimally invasive living-
donor graft retrieval [22]. The risk of mortality and mor-
bidity after living-donor liver resection is influenced by
three key parameters: physiological status (e.g., comor-
bidities), volume of liver parenchyma removed, which is
directly related to the risk of postoperative liver failure,
and intraoperative blood loss and subsequent transfusion
need [23]. As a result, in order to minimize the number
of complications, surgical teams performing these ope-
rations should focus on high-quality donor selection and
refinement of surgical techniques. According to the 2021
International Consensus on Minimally Invasive Donor
Liver Resection, there is still debate over whether lapa-
roscopic and robotic techniques can fully achieve these
goals [21, 23].

However, systematic reviews on laparoscopic graft
retrieval in LDLT have provided growing evidence that
this technique is safe and effective, particularly when
performed by experienced surgeons. The reviews con-
clude that laparoscopic donor hepatectomy is associated
with fewer postoperative complications, lead to less in-
traoperative bleeding and ensures faster return to nor-
mal activities compared to open hepatectomy [24-26].
However, it should be noted that LDLT is fundamentally
different from traditional hepatectomy because the vas-
cular pedicles of the resected part must be preserved as
carefully as possible throughout [11].

The 2008 International Consensus Conference on
Laparoscopic Liver Resection in Louisville highlighted
significant concerns about MIDH, particularly regarding
donor safety and reproducibility [27]. At the Second
International Consensus Conference on Laparoscopic
Liver Resections held in Morioka in 2015, it was argued
that while MIDH was no longer inferior to open surgery
in terms of donor safety, it was not recommended as a
standard procedure due to insufficient long-term data
on postoperative complications [28]. After publications
and reports of positive outcomes, an expert consensus
was held in Seoul to make clear guideline for the safe
widespread implementation of this minimally invasive

technique in living liver donors [29]. The results showed
that MIDH yields superior outcomes compared to the
open approach when performed in high-volume trans-
plant centers by surgical teams with extensive experience
in both transplantation and laparoscopy. Moreover, data
from the United States show that donors are more willing
to accept surgery when offered a minimally invasive
procedure [30].

LAPAROSCOPIC LATERAL SECTIONECTOMY

While minimally invasive liver resection has evolved
with different options (hand-assisted laparoscopic sur-
gery, laparoscopic-assisted surgery, pure laparoscopic
laparoscopic hepatectomy), the procedure to remove
the left lateral sector (LLS) from a living donor was
initially demonstrated exclusively as a fully laparosco-
pic technique. All stages of the operation (mobilization,
vascular isolation, parenchymal transection) were perfor-
med laparoscopically without manual assistance, and the
graft was retrieved through a small suprapubic incision
(according to Pfannenstiel) [11]. According to French
surgeon Daniel Cherqui, LLS is an ideal structure for
fully laparoscopic resection because of its convenient
location in the abdominal cavity, high mobility relative
to the rest of the liver and few anatomical variations
[31]. Following the first successful demonstrations of
the feasibility of laparoscopic left lateral sectionectomy
(LLLS) in France, Belgium and South Korea, the safety
and reproducibility of the procedure were validated by
Olivier Scatton [11, 32-35]. In their paper, Scatton et al.
analyzed 70 LLLS and noted that after overcoming the
learning curve, the median hospital stay gradually de-
creased, blood loss on average remained around 50 mL,
and Clavien—Dindo grade II or higher complications
were less frequent. However, it was emphasized that this
procedure requires at least two experienced surgeons to
complete the necessary learning curve [35]. Soubrane et
al. compared not only surgical outcomes but also eco-
nomic outcomes and concluded that mini-invasive left
lateral sectionectomy provides at least equal short-term
outcomes compared to laparoscopic nephrectomy [32].

In the Russian Federation, the LLLS program was
launched in 2016 at the Shumakov National Medical Re-
search Center of Transplantology and Artificial Organs
(“Shumakov Center””) in Moscow. Gautier et al. reported
less blood loss and shorter hospital stay, but longer surge-
ry time with fully LLLS compared to the open approach
at the program formation stage [36]. However, as this
field developed, the operation time decreased significant-
ly, complications became less in comparison with open
surgery, and LLLS gradually became the gold standard
method for left lateral sectionectomy [37—43]. Similar
results have been reported by other authors worldwide
[44—406].
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LAPAROSCOPIC LEFT HEMIHEPATECTOMY

With regard to laparoscopic left hemihepatectomy
(LLH), no serious complications have been reported at
present, however, with limited experience in such surgi-
cal procedures, since the left lobe is a very specific graft
from the point of view of transplantation in adults, and
is used more in pediatric practice [26, 41, 47]. However,
Japanese researchers have reported series of left lobe
transplants in adults [48—49]. The authors note a lower
donor morbidity after these operations, which they at-
tribute mainly to fewer biliary and pulmonary compli-
cations. They also believe that the left lobe graft may be
a choice for adult patients where the graft-to-recipient
weight ratio (GRWR) is greater than 0.8% or between
0.6% and 0.8%, provided that the recipient’s MELD
(Model for End-Stage Liver Disease) score is less than
15. The main risk of these operations is small-for-size
syndrome, which ultimately leads to graft dysfunction
in the recipient. However, no high risks have been de-
scribed specifically for donors.

Similar results have been reported in a multinational
multicenter study (France, Japan, South Korea, Spain,
USA, Italy), where the authors compared the results of
minimally invasive right and left hemihepatectomies
[50]. No statistically significant difference in complica-
tions and outcomes between right and left lobe donors
was reported.

LAPAROSCOPIC RIGHT HEMIHEPATECTOMY

Fully laparoscopic right hemihepatectomy (LRH)
in a living donor was first performed in 2010 in South
Korea by Korean surgeon Han, but the outcomes were
not reported until 2014. This delay in publication led to
the general belief that the first documented LRH was
performed by French surgeon Olivier Soubrane in 2013
[23]. Nevertheless, LRH in living donors has been suc-
cessfully developed and implemented primarily in Asian
countries like Japan and South Korea, where LDLT is
more common than DDLT [26, 51, 52]. However, de-
spite its success, there is significant variation in surgi-
cal techniques between hospitals, particularly in trocar
placement and the sequence of surgical steps [53, 54].

Although the right lobe of the liver provides an ade-
quate parenchyma volume for the recipient, this approach
raises serious concerns about donor safety. Abecassis
et al. reported postoperative complication rates of up
to 40% [9]. The laparoscopic approach has been ad-
vocated in many transplant centers to minimize these
complications. Minimally invasive right lobe resection
is technically more demanding than left lobe resection
due to the deep subdiaphragmatic location of the right
lobe and the need for extensive mobilization. [55]. These
technical difficulties have slowed the development and
widespread adoption of fully LRH for living donors. In
its infancy, hybrid techniques (with manual assistance)

were used [26, 27, 53]. Even now, experienced surgeons
recommend for many centers to use hybrid approaches
before moving to fully laparoscopic right lobe resection
[27]. Importantly, if the anatomic integrity of the graft is
jeopardized, the most appropriate decision is to go for
the open option (conversion).

Nevertheless, in Asia, especially in South Korea,
performing laparascopic hemihepatectomies in donors
is quite common. For example, in 2018, a paper was
published reporting the outcomes of 172 right lobe re-
sections in living donors performed in hospitals in South
Korea between 2013 and 2017 [56]. In 2021, an article
was published reporting 255 completely laparoscopic
right lobe resections in a single center [57]. At the same
time, the studies compared open and laparoscopic liver
resections and demonstrated the high efficiency of mi-
nimally invasive techniques in terms of postoperative
complications, intraoperative blood loss and length of
postoperative hospital stay.

In Russia, Voskanyan et al. were the first to report on
the performance of such a surgical operation [54], with
the greatest cumulative experience of donor right hemi-
hepatectomies accumulated at Shumakov Center. As of
2022, Monakhov et al. reported 276 laparoscopic donor
liver hepatectomies, including 11 cases of completely
laparoscopic right lobe resections [41].

DONOR SELECTION

Careful donor selection is considered to be of utmost
importance in preparation for MIDH. Preoperative eva-
luation includes a thorough physical examination. Of
particular importance are any concomitant cardiovascu-
lar, renal, pulmonary, coagulation-related disorders, and
infectious diseases. Many centers exclude patients with
arterial hypertension and psychiatric disorders despite
the possibility of conservative correction [7, 58, 59]. In
addition, standard liver function tests, serologic tests for
hepatitis B and C, and chest and abdominal examinations
are always used. A contrast-enhanced triple-phase liver
CT scan is a critical part of preoperative evaluation for
MIDH. It provides essential information for volumetric
analysis and vascular assessment of the donor liver.

Magnetic resonance cholangiopancreatography
(MRCPG) provides a non-invasive, high-resolution
view of the biliary tree, helping to identify anatomical
variations and determine the optimal bile duct division
point (see Table 1). Misinterpretation of biliary anatomy
may require intraoperative cholangiography, but it requi-
res experience, additional costs, and prolongs operative
time [60].

Nevertheless, in recent years, indocyanine green
fluorescence imaging has been actively used. It helps
to visualize bile ducts in more detail when performing
laparoscopic liver resection [26, 61]. Methods of using
methylene blue to control bile flow have also been re-
ported [46].
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Surgeons from different centers define different ana-
tomical criteria for selecting a potential liver donor. For
example, Kim et al. considered only donors who had one
long right hepatic duct, one artery, and standard portal
vein anatomy (Table 1) [62]. They also excluded donors
whose right lobe mass exceeded 650 g. Gautier et al. con-
sidered the separation of the 2nd and 3rd segment veins
as a contraindication for LLS retrieval, as it could cause
difficulties during suturing and lead to intraoperative
bleeding; however, this ceased to be a contraindication
with the accumulation of experience [36, 39]. Rotellar
et al. believe that the right lobe graft should have one
artery, one portal vein and one bile duct, but, at the same
time, variations are acceptable, and each donor should
be assessed individually [63].

Anatomical variations of the portal vein (Table 1)
were once considered a contraindication for MIDH.
However, recent reports suggest that experienced sur-
gical teams can achieve safe and successful outcomes,
even in donors with portal vein anomalies [57, 64].

BLOOD LOSS

A strong obstacle in the development of the minimally
invasive approach in donor liver surgery has been the dif-
ficulty and limitations in approaches when intraoperative
bleeding develops. With improvement in technology and
surgical technique in the last three decades, it has been
possible to significantly reduce blood loss and decrease
the frequency of blood transfusion during laparoscopic
liver hepatectomies [22, 74, 75].

Gentle parenchymal transection and the pneumope-
ritoneum effect (i.e., the tamponade effect on the dissec-
ted surface due to increased intra-abdominal pressure)
play a critical role in reducing blood loss during MIDH.

Table 1

Anatomical variation of the bile ducts
and portal vein

Anatomical variation of the bile ducts

A | Standard bifurcation (57%)
Trifurcation (12%)
Right anterior (C1, 16%) or right posterior (C2, 4%)
ducts draining into the common hepatic duct
Right posterior (D1, 5%) or right anterior (D2, 1%)
duct draining into the left hepatic duct
No hepatic duct confluence (3%)
Right posterior duct draining into the cystic duct (2%)

Anatomical variation of the portal vein
Standard bifurcation
I | Trifurcation
I Right po§terior branch as the first branch of the main
portal vein
Segment VII branch arising as a separate branch from
the right portal vein
Segment VI branch arising as a separate branch from
the right portal vein
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These factors help mitigate venous backflow, which is
the primary source of intraoperative bleeding [35]. For
instance, Olivier Scatton suggests temporarily increasing
the pneumoperitoneum pressure to 14-16 mmHg in order
to control and minimize bleeding [35]. The greatest risk
of intraoperative bleeding occurs during parenchymal
transection. In the minimally invasive approach, this
step is performed very precisely and under magnifica-
tion. Transecting the hepatic vein is also crucial because
slippage of the vascular clamp or a defect in the vascular
stapler can lead to massive bleeding [39, 76].

Comparative studies have consistently shown that
MIDH results in lower [36, 45, 71, 77] or equal [30,
57, 64, 69] blood loss compared to the traditional open
approach. However, the studies emphasized that the lack
of a statistically significant difference in blood loss was
due to small sample sizes [30]. Hence, another advantage
of the minimally invasive method can be considered less
blood loss compared to the traditional approach.

CONVERSIONS

Any incident that may jeopardize donor safety or graft
integrity is an indication for conversion to open surgery.
Conversion itself is not a complication but implies that
some adverse event occurred during the procedure. The
most frequently described reasons for conversion to open
access were difficulty in differentiating the anatomy of
the bile ducts or porta hepatis and vascular injury resul-
ting in significant bleeding. Also, cases of poor visuali-
zation in overweight donors were reported, which also
required conversion [50].

Scatton et al. reported 4 conversions (6%) out of
70 operations, of which 69 were LLS retrieval and 1
was left lobe retrieval. The reasons for conversion were
injury to the left branch of the portal vein, poor exposure,
and uncertainty about biliary tract anatomy. None of the
conversions was associated with acute or uncontrolled
bleeding or the need for blood transfusion, and all do-
nors recovered without complications [35]. Monakhov
et al. reported two conversions (1.2%) out of 164 LLS
retrieval surgeries; the conversion cases were associated
with occlusion of the left branch of the portal vein by a
clip and longitudinal rupture of the left hepatic vein; all
donors were also discharged without complications. The
outcomes in the recipients were also uneventful [39].

Choi et al. reported a 6.7% conversion rate (4 out
of 60 cases) when performing hand-assisted right lobe
resections in living liver donors. The primary reasons
for conversion were right hepatic vein injury and adrenal
vein injury [65].

Soubrane et al. reported a conversion rate of 4.1%
(17 out of 412 cases) in MIDH. The primary reasons for
conversion were portal vein injury, difficulty mobilizing
the porta hepatis and identifying structures in the hepa-
toduodenal ligament [50].
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Rhu reported a 5.0% conversion due to portal vein
injury, donor liver steatosis detected during intraopera-
tive biopsy and inferior vena cava injury [57].

LEARNING CURVE AND OPERATIVE TIME

The major obstacle to the global spread of the laparo-
scopic technique in liver donation is that, apart from tech-
nical equipment, it requires considerable experience in
both liver surgery and laparoscopic surgery. A multinati-
onal study showed that 65.6% of surgeons had performed
>50 non-donor laparoscopic hepatectomies and 43.8%
had performed >50 open donor hepatectomies before
their first minimally invasive donor liver resection [29].
The learning curve for MIDH is primarily influenced by
a surgeon’s ability to carefully divide liver parenchyma
and control intraoperative bleeding. It is also believed
that the surgeon spends the most time learning to dissect
and mobilize vascular structures [59]. Several reports
have emphasized that a minimum of 15-60 procedures
are required to achieve optimal outcomes, depending
on the liver fragment to be resected [39, 86]. For ex-
ample, Scatton et al. showed that at least 20 procedures
are required to achieve optimal hemostasis and shorten
operative time [35]. A similar result was demonstrated
by Monakhov et al. in their study [39].

MIDH tends to take longer, especially during the
training period of surgeons [39, 45, 62, 69]. Baker et al.
found an association between higher body mass index
and longer operative time, while Rhu et al. emphasized
that after the first 100 operations, surgical time decreased
regardless of donor body weight [30, 77].

However, it should be noted that defining a learning
criterion for a single surgeon is not possible because
experience and outcomes vary between different sur-
gical teams. Rhu et al. reported no change in surgical
time from the first to the second quartile over time, but
reported a significant decrease from the second to the
third quartile and from the third to the fourth quartile.
His team was able to meaningfully reduce surgical time
after 50 laparoscopic surgeries [77]. To determine the
learning curve, Korean surgeon Lee used two variab-
les — intraoperative blood loss and operative time. The
learning period was determined based on when these
two factors reached a plateau, indicating surgeons had
gained proficiency. Significant improvement in surgical
outcomes (less blood loss, reduced operative time) was
observed after the 15th operation, marking the transition
into the “experience accumulation phase” [87].

COMPLICATIONS

As mentioned above, donor safety is the main criteri-
on for living-donor hepatectomies. According to a study
conducted at Oxford University, a 30-day postoperative
outpatient follow-up is not sufficient; such follow-up
underestimates the morbidity of donors after liver re-
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section. A 90-day outpatient follow-up is recommended
for donors [66].

The Clavien—Dindo classification, although widely
used, tends to consider only the most severe complica-
tions and does not consider other less severe complica-
tions in the same patient [67]. The new Comprehensive
Complication Index method developed on the basis of
the Clavien—Dindo classification summarizes all post-
operative complications and is the most sensitive tool
for assessing the real severity of postoperative compli-
cations [68].

The incidence of complications in minimally invasive
living-donor hepatectomies ranges from 0 to 40%, with
most studies reporting it in the range of 10-26% [50,
57,69, 70]. The most common complications are wound
complications, pleural effusion, biliary effusion or biliary
stricture (Table 2).

Most studies comparing MIDH with open hepate-
ctomy found no statistically significant difference in
complication rates. However, this lack of statistical si-
gnificance is likely due to small sample sizes in many
studies. Rhu et al. noted an interesting finding that com-
plications were significantly higher in the first quartile of
surgeries, suggesting surgeon inexperience during early
cases contributes to more complications [57]. Broering
also reported that the complication rate decreased from
26.7% t0 9.7% after developing appropriate surgical skill
[45]. The complication rates did not differ significantly
between right and left lobe donors [50]. Also, the com-
plication rate in donors was comparable when comparing
surgical outcomes in donors with variant and standard
portal vein anatomy [57].

Biliary complications are among the most serious
complications following MIDH. Takahara et al. repor-
ted three cases of bile leaks even though each bile duct
stump was clipped twice and at the end of the operation
looked quite normal and there were no signs of biliary
leak [71]. The authors suggest that the clips fell off due
to necrosis of the bile duct stump with subsequent de-
velopment of bile leak.

Table 2
Reported complications of minimally invasive
living donor hepatectomy
(Clavien—Dindo classification)

Fever, gastroenteritis, gastric ulcer, occipital alope-
cia, pneumothorax without drainage, wound infec-
tion, suprapubic hematoma, ileus, arm neuropraxia,
atelectasis, transient neutropenia

Gastroparesis, pulmonary infection, segment IV
infarction, bile duct stenosis, pancreatitis, cystitis,
incisional port-size hernia

Biliary leakage, fluid collection, bladder injury, por-
tal vein thrombosis or stenosis

Abdominal abscess, intra-abdominal bleeding
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Regarding wound complications, open resection (es-
pecially right lobe resection) in the donor requires a large
incision with extensive muscle incision, resulting in pain
for several days and discomfort for several weeks [11].
During this incision, sensitive nerve endings (ventral
branches of intercostal nerves T8 and T9) are transec-
ted, which may result in loss of sensation of the anterior
abdominal wall. In contrast, suprapubic incisions are
usually well tolerated without sequelae, and postope-
rative hernias are rare. In addition, they are virtually
inconspicuous if located low enough in the pubic hair
region [11]. Care must be taken when suturing the ab-
dominal wall closure, as bladder injury may occur [20].
MIDH involves small incisions for trocar placement,
which can lead to local ischemia and wound infections.
However, these complications occur less frequently in
MIDH compared to the open approach [72].

Theoretically, there is a risk of gas embolism due
to pneumoperitoneum. However, pneumoperitoneum
is created by insufflation of carbon dioxide, a gas with
a higher solubility than nitrogen. Several experimental
studies have established that absorption of carbon di-
oxide into systemic circulation is not associated with
hemodynamic instability [27].

PAIN SYNDROME

In their works separate and joint studies, Monakhov
et. al. and Syomash used an analog scale for pain assess-
ment in donors after open and laparoscopic hepatecto-
mies and reported lower pain syndrome in donors who
underwent laparoscopic graft retrieval [26, 39] Kurosaki
et al. used less additional analgesia in donors operated
mini-invasively compared to patients who underwent
open hepatectomy [78]. Reduced dosage or shorter du-
ration of analgesic use has also been shown in a series
of studies in donors who underwent minimally invasive
hepatectomy [45, 62, 65, 69].

LENGTH OF HOSPITAL STAY AND COST
OF TREATMENT

The length of postoperative stay depends largely on
the policies of the institution and the health care system.
In eastern countries such as Japan and South Korea, the
policy is for donors to be hospitalized until they can
return to normal daily activities [59]. In addition, some
eastern national health care systems do not require pati-
ents to be discharged even after they have recovered from
surgery [57, 76, 79]. Western countries seem to have an
extended recovery protocol. Several reports show no
statistically significant decrease in length of stay bet-
ween the minimally invasive and open approach [30,
80]. However, in most centers, the length of stay was
shorter in the minimally invasive graft retrieval group
[39, 45, 57].

In terms of treatment costs, the material costs of per-
forming an MIDH were higher. Baker reports that des-

pite the high costs of the surgery itself, these costs were
offset by lower costs associated with length of hospital
stay [30]. Chinese colleagues report opposite results. In
their observational series, MIDH was significantly more
expensive than the open procedure [69].

OUTCOMES IN RECIPIENTS

It should be noted that surgical outcomes in donors
should not be assessed separately from those in recipi-
ents. For example, Troppmann et al. found that laparo-
scopic donor nephrectomy was associated with delayed
graft function and increased acute rejection rates. The
reasons for this finding are unclear, but hemodynamic
compromise in the renal vasculature due to pneumope-
ritoneum pressure may be a possible factor [73]. On the
other hand, in almost all studies comparing laparoscopic
graft retrieval with open donor resection, the authors
found no difference between the minimally invasive and
conventional approach in terms of vascular and biliary
complications, graft survival, and overall recipient survi-
val [26, 36, 39, 45, 46, 63, 94]. The minimally invasive
technique did not increase the risks to the recipient even
in cases of variant portal vein anatomy [57]. Hong et al.
were the only team that observed a higher rate of biliary
complications in recipients of grafts from MIDH proce-
dures. The authors believe that most likely this was due
to longer warm ischemia time and multiple bile ducts in
the graft [64].

ROBOTIC HEPATECTOMY IN LIVING LIVER
DONORS

Robotic hepatectomy in living donors is much less
common than laparoscopic hepatectomy, but it is con-
sidered safe and feasible in the hands of experienced
professionals. The first robotic graft retrieval was per-
formed by Italian surgeon Giulianotti and colleagues in
2012. The operation was performed using the da Vinci
Robotic Surgical System on a 53-year-old man, from
whom the right liver lobe was removed for subsequent
transplantation to his 61-year-old brother [26, 81].

Compared to the laparoscopic approach, evolution of
the robotic approach has been slow. Potential advantages
include an expanded and more stable view as well as
better precision of movements. The Da Vinci surgical
system can rotate in all directions, allowing a wider range
of motion compared to the human hand. This allows ma-
nipulation and suturing in the subhepatic space at angles
that are not possible with conventional instruments. On
the downside, the surgeon has no haptic feedback. Also,
the success of the operation depends on the level of trai-
ning of the assistant who changes the robotic instruments
during parenchymal transection [82].

Recent studies have shown that robotic liver resection
is feasible and produces similar short-term outcomes
as the laparoscopic procedure, but with higher costs,
as health insurance does not usually cover such high-
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tech surgeries [70]. Another obstacle to the spread of Two studies comparing robotic living-donor hepate-
this technique is the need for high specialization of the = ctomy with open hepatectomy found the robot-assisted
medical center and surgical instruments, since only ultra-  approach to be just as effective in terms of complications
sonic scalpels, hem-o-lok clips and staplers can be used  and intraoperative blood loss [83, 84].

during robotic liver surgery; cavitron ultrasonic surgical Currently, there are no data to suggest that the robotic
aspirators cannot be used [83]. Nevertheless, not only  technique is superior to the open or laparoscopic ap-
robot-assisted donor resection but also robot-assisted  proach. Troisi et al. did not find any superior outcome to

graft implantation has been reported [91]. justify the higher cost of the robotic approach compared
Table 3
Results of laparoscopic hepatectomy at different transplant centers
Author Number | Retrieved | Operation Blood loss | Conver- | Learning | Complications | Hospital
of opera- | liver frag- | time (minu- | (milliliters) | sions (n, curve (C-D, number) | stay (days,
tions (n) ment tes, range) %) (number of range)
operations)
Soubrane 1 10t as- =)
gza]l., 2006 16 LLS 320 £ 67 18.7+44.2 (6.25%) sessed b — 1 11.0+2.7
Kim et al., not as-
2011 [34] 11 LLS 330 £68 396 £ 72 0 sessed 0 69+03
Yu et al., not as-
2012 [88] 15 LLS 331.3+£63 | 410.0£71.2 0 sessed 0 7.1+0.8
-9
Scatton
LLS - 69 308 50 o m-2
f; ;‘]1 2015 70 LL-1 | (180-555) | (10-500) | 4(6%0) 20 Illa — 4 4
Ib — 1
Soubrane -6
308 50 faster ope-
etal., 2015 124 LLS 4 (3.2%) Y m-15 6.3 (2-18)
[20] (180-555) (10-500) ration time a6
Broering
293 100 o ITandI1-3
c[aéttsa]l., 2018 72 LLS (192-420) (50-600) 3 (4.8%) 15 Mla— 1 41+133
Gautier faster ope-
etal., 2018 37 LLS 2779+163| 96.8+16.5 0 LT op b — 1 4+04
ration time
[37]
faster ope- =1
Semash [26] 100 LLS 262 + 60 85+ 68 1 (1%) LT op Mla—1 45+1.6
ration time
b — 1
Ie\;[(;?al;}(l)(; 164 LLS 2273 >0 2 (1.2%) 37 Iga_—ZZ 5(2-14)
3] (140-400) | (20-400) b 1
RL-41 ITandI1-9
Kwon et al. 436 300
’ 54 ERL - 10 4 (7.4%) 20 Ila—6 10 (7-27)
2018 [56] LL-3 (294-684) (10-850) b — 3
Takahara land -6
etal., 2017 54 RL 45493 +85 | 81.07 £52.78 | 1 (1.9%) 40 8.43 +1.65
[71] Ila —4
Park et | Tand I -2
; 91 RL 345+ 225 300+200 | 5(5.5%) 30 IMa— 11 10+3
2019 [89]
Ib -3
1-7
Rhu et al., 261 200 o not as- Ir-20
2021 [57] 255 RL 1 230325) | (150-300) | @7 | sessed Ma-11 |387%3.00
IIIb — 4
Soubrane
tal, 2022 | 412 | groue | oa0ss0) | (10.3550) | @.1%) | asion time | M and Tv - 3 | 10250
[50] - (240-850) (10-3550) (4.1%) | ration time | Il and IV —
Seo et al., not de- | faster ope- ITand II- 10
2022 [90] 376 RL 1260966112578+ 194.6| i cd | ration time | Ila and TTb— 19| 224

Note: LLS, left lateral sector; LL, left lobe; RL, right lobe; ERL, extended right lobe; C—D, Clavien—Dindo classification.
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Table 4
Results of robot-assisted living-donor hepatectomy at different transplant centers
Author | Number | Retrie- | Operation | Blood loss (mil-| Conver- | Learning cur- | Complications | Hospital
of opera- | ved liver | time (minu- liliters) sions (n, | ve (number | (C-D, number) | stay (days,
tions (n) | fragment | tes, range) %) of operations) range)
Chen et al., 596 169
2016 [92] 16 RL 1 (3532753) | (50-500) 0 15 [a —1 7(6-8)
Broering 250
et al., 2020 35 RL 504 +73.5 0 15 TandII-2 |5.3(3-12)
[83] (100-800)
}238‘2“(’)J [egt;]‘l" 51 RL  [536.8+73.4(53039+22272| 0 |notdescribed | notdescribed | 8.27+3.0
Rho et al., faster operati-| Tand Il —8
2020 32 RL 493.6 109.8 2 (3.8%) on time [ITa and I1Ib — 2
Broering LLS-61 424 138.1
etal., 2020 175 LL-34 (177-693) (20_1(')00) 2 (1.14%) | notassessed | lTand II—12 |4.3 (2-22)
[95] RL - 80
Troisi et al.,
2021 [85] 25 LLS 290 100 0 15 0 3+0.3

Note: LLS, left lateral sector; LL, left lobe; RL, right lobe; ERL, extended right lobe; C—D, Clavien—Dindo classification.

with the laparoscopic method [85]. They also empha-
sized that conversion in robotic resection takes longer
than in the laparoscopic approach. Therefore, it is crucial
to apply all laparoscopic techniques to stop unexpected
bleeding before conversion.

Regarding the learning curve in robotic donor surgery,
Broering et al. argue that robotic hemihepatectomy takes
a short learning curve, with the mastery phase reached
in 15 procedures [83]. Chen et al. took a more measu-
red approach to learning and divided the learning curve
into three phases — novice surgeon (1-15 procedures),
trained surgeon (15-25 procedures), and experienced
surgeon (25-52 procedures). The effect of training was
demonstrated by a reduction in surgery time and donor
hospital stay after phase 1 of training. Blood loss de-
creased after phase 2 of training. The authors also note
that the presence of dual robot control consoles offers a
safe form of training, as the supervisor (instructor) can
assist the surgeon during surgery and take over control
if necessary [84, 92].

The most extensive experience with robot-assisted
living-donor hepatectomy is currently available at the
King Faisal Specialist Hospital & Research Centre (KFS-
HRC) in Saudi Arabia. Surgeons at this hospital reported
retrieval of 61 LLS, 34 left lobes and 80 right lobes [95].
The cumulative worldwide experience is summarized
in Table 4.

In any case, the robotic method is still very limited
in geographic distribution and requires much more ex-
perience than laparoscopy. The upcoming introduction
of new robotic systems that support haptic feedback or
cavitron ultrasound-guided surgical dissectors will faci-
litate further spread of robotic living-donor hepatectomy.

PROSPECTS FOR FURTHER DEVELOPMENT

The main obstacles to the development and wides-
pread adoption of minimally invasive living-donor sur-
gery include lack of material and technical resorces at
hospitals, surgical skill gap and institutional barriers and
resistance. Also, there is no uniform and standardized
surgical protocol, each transplant center follows a diffe-
rent approach [53]. Establishing an international registry
for minimally invasive living-donor hepatectomies and
implementing standardized surgical techniques will help
in training surgeons worldwide.

Also, new techniques are constantly being introduced
into medicine. One of the new technologies that are al-
ready beginning to be applied in laparoscopic surgery, in-
cluding hepatobiliary surgery, is augmented reality (AR)
technology. The surgeon, using special AR spectacles,
can see in the monitor not only the operating field, but
also vascular structures that are loaded using multislice
CT scan data and virtual reality technology. Prototypes
already exist and are being tested [96-98].

CONCLUSION

Living donation contributes significantly to the ex-
pansion of the organ donor pool. Minimally invasive
hepatectomies have the potential to increase the number
of transplants from living donors due to a number of ad-
vantages. These advantages include lower intraoperative
blood loss, less pain, faster rehabilitation, and minimized
complications. In the hands of experienced surgeons,
this approach is safe not only for donors, but also for
recipients, as graft quality does not become worse af-
ter the procedure. This direction is promising, but not
all transplant centers can perform such operations. The
main obstacles to the development of minimally inva-
sive living-donor hepatectomies are lack of advanced
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equipment and resources, as well as conservatism among
surgeons. When launching a minimally invasive hepate-
ctomy program, ensuring surgeon expertise and proper
mentorship is critical for safety and success.

The authors declare no conflict of interest.
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