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Background: Pure laparoscopic donor major hepatectomy (PLDMH) offers important advantages for donors but has large-

ly been restricted to expert surgeons. Evidence on fellowship-trained surgeons (FTSs) performing PLDMH after
structured training is limited. This study evaluated donor safety and operative efficiency of FTSs using propen-
sity score matching (PSM) and cumulative sum (CUSUM) analysis.

Material/Methods: We retrospectively reviewed 517 consecutive PLDMHs from 3 centers, including 1 expert surgeon (n=462) and

3 FTSs (n=55). FTSs underwent a structured, phase-task-based training program; 2 received short-term on-site
proctorship for initial cases. To reduce baseline differences, we applied 1: 3 propensity score matching (PSM)
between FTS and expert cases. Donor and recipient characteristics were balanced. Learning curves were as-
sessed using risk-adjusted CUSUM for major donor complications and residual CUSUM for operative time.

Results: After PSM, 55 FTS cases were matched to 165 expert cases. Major donor complications were comparable (5.5%
vs 4.2%, P=0.714) and no case required conversion to open surgery. Donor operative time was longer in the
FTS group (338102 vs 220 +44 minutes, P<0.001). Recipient biliary leakage was more frequent in the FTS
group (18.2% vs 8.5%, P=0.046), whereas other outcomes were similar after matching. Risk-adjusted CUSUM
demonstrated stabilization of donor safety within 8 to 10 cases per FTS, while operative efficiency stabilized
after 6 to 15 cases.

Conclusions: FTSs demonstrated acceptable donor safety outcomes under structured training conditions, with operative per-

formance showing a trend toward improvement after approximately 10 to 15 cases.
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Introduction

Living donor liver transplantation (LDLT) is now established as
a vital therapeutic option for patients with end-stage liver dis-
ease and hepatocellular carcinoma, providing an effective al-
ternative to deceased donor transplantation. By addressing the
shortage of cadaveric organs, LDLT enables timely surgical inter-
vention, ensures optimal graft quality, and reduces waiting list
mortality [1,2]. Innovations such as ABO-incompatible LDLT, dual
grafts, and anonymous donation have further expanded its ap-
plicability. Throughout this progress, maintaining donor safety
through rigorous selection protocols and leveraging the cumula-
tive experience of high-volume centers remains paramount [3].

Pure laparoscopic donor hepatectomy (PLDH) has been devel-
oped as a safe, minimally invasive alternative to open donor hep-
atectomy (ODH). Multiple studies have demonstrated its advan-
tages, including faster recovery, less postoperative discomfort,
and superior cosmetic results [4,5]. Despite these advantages,
the technical demands of PLDH require substantial expertise in
both laparoscopic liver surgery and liver transplantation [6], which
has restricted its successful implementation to specialized cen-
ters [7,8]. While pure laparoscopic donor left lateral sectionecto-
my for pediatric transplantation is now standard in experienced
centers, pure laparoscopic donor major hepatectomy (PLDMH)
for adult-to-adult living donor liver transplantation (ALDLT) re-
mains limited to expert surgeons [9]. Previous studies have re-
ported the learning curve of proctored pure laparoscopic donor
left lateral sectionectomy for pediatric LDLT [10]; however, re-
search focusing on the structured training of PLDMH for ALDLT
is lacking. This gap underscores the challenge of educating the
next generation of liver surgeons in this complex procedure, as
minimally invasive techniques do not readily lend themselves to
the traditional apprenticeship-based model of surgical training,
which relies heavily on direct hands-on skill transfer.

In our clinical setting, which has fully transitioned from ODH
to a laparoscopic approach [8], fellowship-trained surgeons
(FTSs) were able to independently perform PLDMH after struc-
tured training and proctorship [11]. The aim of this study was
to evaluate the safety and feasibility of PLDMH performed by
FTSs with those of an expert surgeon through comparison of
donor and recipient surgical outcomes using propensity score
matching (PSM) and to assess the acquisition of proficiency by
applying the cumulative sum (CUSUM) method.

Material and Methods

Ethics Statement

This study was approved by the institutional review boards of
the Samsung Medical Center (2013-11-067-001) and Yeungnam
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University Medical Center (2023-10-055). At Hanyang University
Medical Center, only de-identified retrospective data were ana-
lyzed in accordance with institutional policy and the Declaration
of Helsinki.

Patients and Data

From December 2016 to December 2023, a total of 517 PLDMHs
and ALDLTs were performed by 1 expert surgeon and 3 FTSs
at Samsung Medical Center, Yeungnam University Medical
Center, and Hanyang University Medical Center in South Korea.
Clinical data for all donors and recipients were comprehen-
sively reviewed from each center’s prospectively maintained
liver transplantation database. Preoperative, intraoperative,
and postoperative 90-day donor outcomes, together with
matched recipient outcomes within the 90-day postoperative
period, were compared between 1 expert surgeon at Samsung
Medical Center (expert group, n=462) and 3 FTSs who were
trained by this expert and subsequently initiated the PLDMH
and LDLT programs at their respective hospitals (FTS group,
n=>55). The primary endpoint of this study was donor safe-
ty, while operative performance and recipient outcomes were
evaluated as secondary endpoints. After completing the fel-
lowship program, 3 FTSs had diverse clinical settings: FTS 1
started the PLDH program at a small LDLT center (fewer than
20 liver transplants annually); FTS 2 started the program at 2
small LDLT centers due to relocating to another hospital; and
FTS 3 performed PLDMH at the same center where training
was received. FTS 1 and FTS 2 received proctorship from the
expert surgeon, who visited their respective hospitals for the
initial 7 and 8 cases, respectively.

Surgical Technique and Standardization of PLDMH

PLDMH was performed using a standardized, phase-based
approach developed through a cognitive task analysis—based
training framework, including predefined port placement, pro-
cedural phase segmentation, and task-specific actions, as pre-
viously described [11]. Briefly, the procedure is structured into
6 sequential phases: (1) right liver mobilization, (2) hilar struc-
ture identification, (3) parenchymal transection, (4) right he-
patic duct division, (5) graft separation from the inferior vena
cava, and (6) graft vasculature division. Each phase is execut-
ed in a predefined order with consistent roles assigned to the
surgeon, assistant, and scopist to ensure procedural repro-
ducibility. Parenchymal transection was performed along the
ischemic demarcation line using energy devices and laparo-
scopic ultrasonic aspirator, with selective inflow control when
necessary. Major vascular structures were dissected and di-
vided using clips or vascular staplers according to standard-
ized protocols. Particular attention was given to bile duct
division, which was performed after precise anatomical iden-
tification using intraoperative imaging guidance to minimize
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biliary complications. Conversion to open surgery was con-
sidered based on predefined safety criteria, including un-
controlled bleeding, inability to safely control major vascular
structures, unclear anatomical identification (particularly bili-
ary anatomy), or any situation compromising donor safety. All
procedures were performed with a low threshold for conver-
sion when necessary.

Structured Training Program for FTSs

FTSs completed a 3-year intensive training program in liver
transplantation and laparoscopic liver resection prior to per-
forming independent PLDMH. During the latter 2 years of the
program, structured training in laparoscopic liver resection was
emphasized, including proctorship-based learning under ex-
pert supervision. The training followed a stepwise approach
based on procedural segmentation, in which trainees initial-
ly participated in less complex and lower-risk components of
the operation and progressively advanced to more technical-
ly demanding and critical steps. During the fellowship period,
FTSs did not perform major anatomical liver resections inde-
pendently from start to finish, with the exception of left later-
al sectionectomy. Instead, they participated in selected phases
of procedures across different cases to acquire phase-specific
proficiency. Proctorship was not applied to donor hepatecto-
my during the training period, due to ethical considerations.
After transitioning to independent practice, FTSs received lim-
ited expert guidance during their initial cases, particularly for
donor-specific critical steps such as right hepatic duct isolation
and division, which are not routinely encountered in standard
laparoscopic liver resection. This structured training pathway
was designed to ensure safe skill acquisition while maintain-
ing strict donor safety principles.

Statistical Analysis

Statistical analyses were performed using R software (version
4.5.1; R Foundation for Statistical Computing, Vienna, Austria).
To adjust for baseline differences, PSM was applied in a 1: 3
ratio between the FTS and expert groups using a nearest-
neighbor matching method without replacement. The variables
included in the propensity score model consisted of donor-re-
lated factors, such as sex, age, and body mass index; graft-re-
lated factors, including multiple hepatic arteries, dual portal
veins, graft weight, cold ischemia time, warm ischemia time,
and graft-to-recipient weight ratio (GRWR); and recipient-re-
lated factors, including sex, age, Child-Turcotte-Pugh score,
Model for End-stage Liver Disease score, ABO incompatibili-
ty, and hepatocellular carcinoma. Covariate balance was as-
sessed using standardized mean differences. CUSUM analy-
ses, including risk-adjusted and residual methods, were used
to evaluate donor safety and operative efficiency. Breakpoints
were estimated by segmented regression with 95% confidence
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intervals (Cls), and interpreted as the number of cases required
for surgeons to achieve stable performance. A 2-sided P<0.05
was considered statistically significant.

Results

Baseline Characteristics

During the study period, FTSs performed a total of 55 PLDMH
(FTS 1: 16 cases; FTS 2: 20 cases; FTS 3: 19 cases) and ALDLT,
while 1 expert surgeon conducted 462 cases of PLDMH and
ALDLT. Baseline characteristics of donors, grafts, and recipi-
ents are summarized in Table 1. Before PSM, significant dif-
ferences were observed between the FTS and expert groups
in cold ischemic time (70 + 25 vs 91 + 48 minutes, P=0.001),
GRWR (1.24 +0.32 vs 1.08 +0.27, P< 0.001), recipient sex dis-
tribution (male 41.8% vs 71.9%, P< 0.001), etiology of liver dis-
ease (P=0.012), presence of hepatocellular carcinoma (40%
VS 66.2%, P<0.001), and Child-Turcotte-Pugh score (8 +3 vs
7+2,P=0.001).

After 1: 3 PSM, 55 donors in the FTS group were matched with
165 in the expert group. The 2 groups were well balanced with
no statistically significant differences in donor, graft, or recip-
ient factors, including age, sex, body mass index, ischemic
times, GRWR, graft type, vascular and biliary anatomy, and
recipient demographics.

Donor and Recipient Outcomes

Postoperative donor and recipient outcomes are presented in
Table 2. Neither the expert nor the FTS group required conver-
sion to open surgery. Before PSM, the FTS group had signifi-
cantly longer operative times for donors (338 + 102 vs 214 +43
minutes, P<0.001) and recipients (474 +87 vs 384+ 90 min-
utes, P<0.001). Recipient hepatic vein complications (5.5% vs
1.1%, P=0.043) and 90-day mortality (9.1% vs 2.4%, P=0.020)
were also higher in the FTS group, whereas other complica-
tions, including bile leakage, biliary stricture, and vascular
complications, did not differ significantly. Donor complica-
tions occurred in 7.3% of the FTS group and 14.7% of the ex-
pert group (P=0.153).

After 1: 3 PSM, donor operative time remained significant-
ly longer in the FTS group (3384102 vs 220+ 44 minutes,
P<0.001), while hospital stay, bile leakage, and overall com-
plication rates were comparable between groups. Among re-
cipients, operative time was again longer in the FTS group
(474 +87 vs 381 +80 minutes, P<0.001). Importantly, bili-
ary leakage was more frequent in the FTS group (18.2% vs
8.5%, P=0.046), whereas hepatic vein complications and 90-
day mortality no longer showed significant differences. The
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Table 1. Preoperative and intraoperative characteristics of donors, grafts, and recipients between the fellowship-trained surgeon (FTS)
and expert groups.

Before matching After matching

Characteristic :
FTS (n=55) Expert (n=462) Expert (n=165) P value

Donor factors

Donor age, years 38+13 37+14 0.622 38+13 38+13 0.941
Donor sex, male / female 3241 ((631;;2)/ 225093 ((5‘?31;{,2)/ 0.473 3241 ((6315;.8;{,2)/ 9741 ((5:;{)2)/ 0.636
 DonorBMLkg/m' 2514 2483 0073 | 2524 2483 0208
© Cold ischemic time, min 20825 9148 o001 | 70:25 77826 0109
L Warmischemic time, min 6120 2116 0221 46x20 4118 0639
O  mttweignte  7sazie2 729:144 0242 | 754162 7415148 0578
O wwx 1245032 - 108£027 <0001 | 124:032 115020 0053
Y  onftfacos
A Gatype o101 0603
E Right / extended right 461 ((812602)/ 24; 819;3’)/ 461 ((85;;/;)/ 142 884;?)/
- Left / extended left / 14((17'8;/;))/ ; E(l)g:f;; i 82:?;; 1 (0.6%)/
— Left tri 0 . : (6.2;,) ; e 3 (1.8%)
< Right posterior 365% 1665 | 365w 061%
U Left trisection 0 1 (0.2%) 1 (0.6%)
() Hepaticateytpe o7es 0547
w Normal a9(89.1%) 305 @a6%) 49891%)  140(848%)
D e G mm g
o . Vedlonofboh o 208000
D_ Multiple hepatic artery 1 (1.8%) 5(1.1%) 1 (1.8%) 4 (2.4%) <0.999
0. roralveintye . emz i 0722
< P 48(73%)/  398@61%)/ | 48(73%/  139642%/
2 (3.6%) 27 (5.8%) § 2 (3.6%) 12 (7.3%)

Ill/ other type 53((96.1;2)/ 5 (?.i%) E ((96..1;{’2)/ . ETZQ/
 Dualportalvein Tasw 23(5% 032 | Tasw 6G6% 0683
CBileducttype o1 0947
”””” C seo%w  sssgesw | 33(60%)  122(39%)
"""" on @S/ u@ews 0 14essw/  8@sw/

5(9.1%) 54 (11.7%) 5(9.1%) 16 (9.7%)
'''''''''''''''''''''''''''''''''''' tasw/  30I%/ . 108%/ 1465w/

IV/V/others 1(1.8%)/ 2 (0.4%)/ 1(1.8%)/ 2 (1.2%)/

1(1.8%) 7 (1.5%) 77777777 1(18%) 77777777777777777 3 (18%) 77777777777777777777777777
© Multiple bile dut 20(364%  118(255%) 0106 | 20 (36.4%) 48(290%) 0400
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Table 1 continued. Preoperative and intraoperative characteristics of donors, grafts, and recipients between the fellowship-trained
surgeon (FTS) and expert groups.

Before matching

After matching
Characteristic

FTS (n=55) Expert (n=462) FTS (n=55) Expert (n=165) P value

Recipient factors

Recipient age, years 55+8 56+9 0.802 55+8 57+7 0.377
Recipient sex, male/female 2332 (?51:;/02)/ 313320((7215:/02)/ 0.001 2332 (?51;;;/:/3)/ 974 1 ((SZ;/O;:)/ 0.051
 Etiology of recipient 002 . 0358
"""" Hepatitis Bviis  21(82%  274(93% | 21(82%)  83(03%)
"""" Hepatiis Cviis  2(16%) 146w | 206%  4@sw
 Acohol 2n@82% o5 06% | 2nGE82% s
"""" Othes  11@o%w  79071%) | 11o%  40@42%)
. ABOincompatible 10(182%)  123(67%) 0195 | 10(182% 40(42% 0458
 Hepatocellular carcinoma 22 (40%) 306662%) <0001 | 22(40%) 87(627% 0120
. MeanMELDscore  15+9  14s8 0199 | 15:9 1417 0449
. MeanCtPscoe 8:3 782 o001 8:3 82 . o111

Characteristics highlighted in bold were included as matching variables in the propensity score analysis. P values highlighted in bold
demonstrate a statistically significant difference on univariable analysis. Abbreviations: FTS, fellowship-trained surgeon; BMI, body
mass index; GRWR, graft-to-recipient weight ratio; MEDL, Model for End-Stage Liver Disease; CTP, Child-Turcotte-Pugh.

overall distribution of postoperative complications accord-
ing to the Clavien-Dindo classification was similar between
groups after matching.

Learning Curve Analysis

Risk-adjusted CUSUM analysis demonstrated early trends to-
ward stabilization of donor safety within 10 to 15 cases for all
FTSs. FTS 1 reached stabilization at case 8 (95% Cl, 6-11), FTS
2 at case 10 (95% Cl, 7-14), and FTS 3 at case 9 (95% Cl, 7-10).
The expert surgeon maintained stable outcomes across the en-
tire series, with late breakpoints beyond 150 cases (Figure 1).
This breakpoint reflects a change in performance trend rath-
er than a learning threshold.

Residual CUSUM analysis of operative time demonstrated a
similar pattern of improvement over time. Breakpoints were
estimated at case 6 (95% Cl, 6-10) for FTS 1, case 14 (95% Cl,
10-15) for FTS 2, and case 6 (95% Cl, 6-8) for FTS 3 (Figure 2).

Crude CUSUM analysis of operative time compared the expert
surgeon’s initial 55 cases (mean 278 minutes) with those of
the 3 FTSs. Each curve represents the deviation from the sur-
geon-specific mean operative time. The shaded area (cases
10-15) indicates the approximate range in which efficiency

This work is licensed under Creative Commons Attribution-
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improvement was observed for all FTSs. The expert’s early 55
cases demonstrated an initial rise followed by subsequent pla-
teauing, consistent with early learning effects. All FTSs showed
similar patterns of early operative time prolongation with sub-
sequent stabilization. Mean operative times are indicated in
the figure legend for each group (Figure 3).

Discussion

PLDH represents a landmark achievement in the field of LDLT,
standing out as a significant technological advancement. It is
particularly notable for its complexity and technical demands.
A minimally invasive approach to donor surgery is ideal for liv-
er donation in healthy individuals. This method offers potential
benefits such as a faster return to normal activities and min-
imal upper abdominal scarring for the donor, which can also
help reduce the recipient’s feelings of guilt [12].

The introduction of PLDH for living donor surgery has posed
new challenges in training the next generation of surgeons,
similar to other surgical fields. Advances in surgical instru-
ments, including 3-dimensional cameras and energy devices,
have shifted the focus of minimally invasive surgery from tac-
tile proficiency to visual learning, thereby necessitating new
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Table 2. Postoperative outcomes of donors and recipients between the fellowship-trained surgeon (FTS) and expert groups.

Before matching After matching

Outcomes

Donor outcomes

Operation time, min 338+102 214+43 <0.001 338+102 220+44 <0.001

| ospitalstay, days 812 sz ost0 77125 78823 ossa
potalvenstictwe 0% 1a2%) 100 o o wa
ieleakige 3650 G o 36sH sus%) o7

Clavien-Dindo
classification

APPROVED GALLEY PROOF

Operation time, min 474487 384490 <0.001 474487 381480 <0.001
Hepatic artery 1 (1.8%) 24 (5.2%) 0.346 1 (1.8%) 24 (5.2%) 0.346
complication
Portal vein complication 4 (7.3%) 20 (4.3%) 0.497 4 (7.3%) 4 (2.4%) 0.110
Hepatic vein o o o o
B 3 (5.5%) 5 (1.1%) 0.043 3 (5.5%) 2 (1.2%) 0.101
Bile leakage 10 (18.2%) 43 (9.3%) 0.179 10 (18.2%) 14 (8.5%) 0.046
Bilie duct stricture 12 (21.8%) 129 (27.9%) 0.496 12 (21.8%) 37 (22.4%) 0.862
90-day mortality 5 (9.1%) 11 (2.4%) 0.020 5 (9.1%) 8 (4.8%) 0319
Clavien-Dindo 0.174 0.206
classification
Grade 1/1 6 (10.9%) / 5 (1.1%) / 6 (10.9%) / 1(0.6%)/
4(7.3%) 76 (16.5%) 4(7.3%) 31 (18.8%)
16 (29.1%) / 88 (19%)/ 16 (29.1%) / 32 (19.4%) /
Ma /il
Grade llla/lilb 3 (5.5%) 58 (12.6%) 3 (5.5%) 18 (10.9%)
Grade IV 0 4 (0.8%) 0 1 (0.6%)
Grade V 5 (9.1%) 11 (2.4%) 5 (9.1%) 4 (2.4%)

P values highlighted in bold demonstrate a statistically significant difference on univariable analysis.
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Figure 1. Risk-adjusted cumulative sum (RA-CUSUM) analysis of major donor complications (Clavien-Dindo grade >111). Breakpoints
were estimated by segmented regression with 95% confidence intervals.

educational strategies. Training has accordingly evolved to em-
phasize the contextual understanding of each surgical phase.
The structured breakdown of complex procedures into de-
fined operative phases facilitated consistent execution among
new surgeons. Continuous access to operative recordings and
peer review supported the refinement of technique, allowing
reproducible outcomes even in the early learning period [13].

The primary aim of this study was to evaluate the safety and
procedural performance in PLDMH performed by FTSs com-
pared with that of an expert surgeon, using PSM and CUSUM
analysis. Donor safety outcomes were comparable between
groups; although operative time in the FTS group was signifi-
cantly longer, there were no conversions to open surgery, and
the incidence of major complications (>grade Ill) was similar.
Although step-specific operative time data were not available,
the prolonged operative time in the FTS group is likely attrib-
utable to technically demanding phases of the procedure, par-
ticularly parenchymal transection and bile duct division, which

This work is licensed under Creative Commons Attribution-
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require advanced technical proficiency and careful anatomi-
cal interpretation. Several reports have addressed the learn-
ing curve of PLDH, and studies focusing on pure laparoscopic
donor left lateral sectionectomy for pediatric transplantation
have suggested that proficiency may be achieved after rough-
ly 25 procedures [10]. For PLDH in ALDLT, it has been reported
that the standardization of surgical skills typically requires 50
to 70 cases to achieve a stable learning curve [14,15]. However,
these studies were based on PLDH performed by expert sur-
geons. To the best of our knowledge, the present study is the
first CUSUM analysis of PLDMH for ALDLT between an expert
and FTSs. Notably, FTSs who underwent structured educa-
tion using a systematic phase-task approach achieved oper-
ative efficiency after only 10 to 15 cases, which is consider-
ably faster than previous reports [16]. Interestingly, operative
time for FTS 2 increased temporarily following relocation to a
new center but subsequently stabilized, while FTS 3 demon-
strated the most rapid stabilization despite the absence of di-
rect expert guidance. These findings highlight the importance
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of standardized team practices within each center, including
the proficiency of anesthesiologists, scrub nurses, scopists,
and assistants, in addition to structured surgical education [8].

APPROVED GALLEY PROOF

Direct expert supervision during the early implementation phase
played a pivotal role in maintaining procedural safety and en-
suring adherence to standardized techniques across centers.
However, because proctorship can sometimes be perceived as
a form of surrogate surgery, it carries potential risks to patient
safety and raises ethical considerations. Given these ethical
constraints inherent to donor surgery, early operative partici-
pation was restricted to predefined procedural phases under
strict supervision to ensure donor safety during the transition
to independent practice. Throughout the training process at
our center, FTSs never performed a major laparoscopic liver re-
section independently from start to finish. Instead, by master-
ing key actions within distinct surgical phases across various
clinical scenarios, they developed sufficient technical compe-
tence to perform their initial independent procedures safely. In

This work is licensed under Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Cho CW.etal:
Learning curve of fellowship surgeons in donor hepatectomy
© Ann Transplant, 2026; 31: €953061

Residual-CUSUM (PLDMH time) — FTS1

=) [=23 N N

t=3 [=3 [=3 (=3

S S S =3 (=}
T T T T T

Cumulative (Obs —Pred), min

-1000

1200

BP 6 (95% 6-1

8 10 12 14 16
(ase number

t
1
|
|
|
I
:
I
|
1
|
|
|
1
|
I
|
1
|
1
|
1
6

Residual-CUSUM (PLDMH time) — FTS3

700 | :

-
600 |- ;
|
1
}

500

400 |

300

Cumulative (Obs —Pred), min

200 |

BP 6 (95% 6-8)

O [ e e e

(ase number

Figure 2. Residual cumulative sum (CUSUM) analysis of operative time for fellowship-trained surgeons (FTSs 1-3) compared with the
expert surgeon. Vertical dashed lines indicate estimated breakpoints (segmented regression, 95% confidence intervals).

donor surgery, it is ethically inappropriate for trainees to un-
dertake critical operative steps in place of the attending sur-
geon; therefore, no proctorship involving donor surgery was
permitted during FTS training. These findings indicate that,
after structured preparation in major laparoscopic liver resec-
tions, FTSs can safely perform PLDMH without prior experience
in ODH. Nevertheless, expert guidance remains indispensable
during critical phases, particularly during bile duct division.

This study has several limitations. First, recipient outcomes in
the FTS group were inferior to those in the expert group, in-
cluding a higher incidence of biliary complications, likely re-
flecting the influence of institutional volume rather than donor
graft quality. This finding is clinically meaningful and warrants
careful interpretation when considering the overall safety of
LDLT in the context of FTS implementation. While this differ-
ence may raise concerns, it is unlikely to be solely attribut-
able to donor surgical factors or graft quality, given that stan-
dardized procurement techniques were applied across groups.
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Figure 3. Crude cumulative sum (CUSUM) analysis of operative time comparing the expert surgeon’s initial 55 cases (mean, 278
minutes) with fellowship-trained surgeons (FTSs 1-3). The shaded area (cases 10-15) denotes the approximate range of

efficiency stabilization.

Previous research has demonstrated that high-volume centers
(> 50 LDLTs annually) achieve superior results, including lower
in-hospital mortality and improved long-term survival, com-
pared with smaller centers [17,18]. However, comparable re-
sults may be attainable in small-volume centers through inte-
grated training systems and protocol-based frameworks [19,20].
Due to the retrospective nature of this study, a strict classifi-
cation of individual recipient complications according to their
underlying cause (donor-related, graft-related, or recipient-re-
lated) was not feasible. Second, there is no objective certifi-
cation system to validate the proficiency of FTSs after struc-
tured education, making it premature to revise current expert
consensus guidelines, which state that PLDMH should be per-
formed only by surgeons experienced in both laparoscopic liv-
er surgery and liver transplantation. Finally, this study ana-
lyzed procedures performed by only 3 FTSs in heterogeneous
practice environments, each performing fewer than 20 cases,
thereby limiting the generalizability of our findings. Residual
confounding related to institutional volume, team experience,
and perioperative infrastructure cannot be fully excluded, de-
spite the use of PSM. In addition, the relatively small number
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of cases per surgeon should be considered when interpreting
the learning curve analysis. Accordingly, the CUSUM-derived
breakpoints are better understood as reflecting early perfor-
mance trends rather than definitive evidence of learning curve
stabilization. Larger studies with long-term follow-up are need-
ed to confirm these findings.

Conclusions

In conclusion, PLDMH performed by FTSs demonstrated accept-
able donor safety outcomes under structured training condi-
tions. Donor safety was maintained, and operative performance
showed a trend toward improvement after approximately 10
to 15 procedures. These findings suggest that PLDMH may be
implemented in selected settings with structured training, al-
though further validation is required before broader general-
ization. Further multicenter studies with larger cohorts and
long-term follow-up are warranted to evaluate recipient out-
comes more comprehensively.
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