
Received:  2025.11.07
Accepted:  2026.03.02

Available online:  2026.04.20
Published:  2026.XX.XX

The Anatomical Landscape of Living Donor 
Livers: A 101-Case Retrospective Single-Center 
Study in Indonesia From 2010 to 2025

	 ABCDEF  1,2	 Arnetta Naomi Louise Lalisang 
	 CD  1,2	 Toar Jean Maurice Lalisang 
	 CDE  1,2	 Yarman Mazni
	 CDE  1,2	 Ridho Ardhi Syaiful
	 CDE  1,2	 Lam Sihardo
	 CDE  1,2	 Vania Myralda Giamour Marbun 
	 BCDEF  2	 Anisa Ayu Maharani 
	 CDE  2	 Nathaniel Jason Zacharia 
	 CDE  2	 Afid Brilliana Putra
	 B  2,3	 Taufik Agung Wibowo 

	 Corresponding Author:	 Arnetta Naomi Louise Lalisang, e-mail: arnetta.naomi01@ui.ac.id
	 Financial support:	 None declared
	 Conflict of interest:	 None declared

	 Background:	 Anatomical variations of the hepatic vasculature and bile ducts are critical considerations in living donor liver 
transplantation (LDLT), yet population-specific data remain limited. This retrospective study aimed to evaluate 
hepatic artery, portal vein, hepatic vein, and intrahepatic bile duct anatomy in 101 living liver donors at a single 
center in Indonesia from 2010 to 2025, and to identify donor characteristics associated with these variations.

	 Material/Methods:	 A retrospective review was performed on 101 living liver donors at Cipto Mangunkusumo Hospital, Indonesia 
(2010-2025). Hepatic artery and portal/hepatic vein anatomy were assessed using computed tomography an-
giography (CTA), and biliary anatomy using magnetic resonance cholangiopancreatography (MRCP). Variations 
were classified according to the Michel, Nakamura, and Huang systems. Logistic and multinomial regression 
analyses evaluated demographic predictors, and linear regression assessed operative time.

	 Results:	 Donors (mean age 31.8±6.2 years; body mass index [BMI] 22.6 kg/m2; 62.5% female) were predominantly 
Javanese and Sumatran. Canonical anatomy predominated (Michel I 70.8%; Nakamura I 71.9%; Huang A1 59.7%). 
Sumatran donors demonstrated higher frequencies of hepatic artery and portal vein variants. Increasing age pre-
dicted hepatic artery variation (aOR 1.08/year, P=0.046), while BMI influenced portal vein subtypes (P=0.006). 
No factors affected operative time.

	 Conclusions:	 Canonical anatomy predominated, with ethnic variations seen in Sumatran donors. Age and BMI predicted vas-
cular variations, while biliary anatomy remained stable. Anatomical variations did not affect operative time, 
highlighting the importance of preoperative imaging and planning.
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Introduction

Liver transplantation is a life-saving therapy for end-stage liv-
er disease and selected hepatic malignancies, offering not only 
improved survival and quality of life but also renewed hope 
for patients [1]. While deceased donor liver transplantation 
(DDLT) is widely implemented in many countries, Indonesia 
continues to face significant barriers, including underdevel-
oped donation systems, limited infrastructure, and persistent 
sociocultural resistance to post-mortem organ donation [2,3]. 
Consequently, living donor liver transplantation (LDLT) has 
emerged as the predominant modality, addressing the grow-
ing demand amidst a shortage of deceased donors.

In LDLT, a comprehensive evaluation of hepatobiliary and he-
patic vascular anatomy is essential for surgical safety and suc-
cess. These anatomical structures exhibit substantial variabil-
ity, which can complicate donor hepatectomy, affect vascular 
and biliary reconstruction, and increase the risk of intraoper-
ative and postoperative complications [4,5]. As such, precise 
preoperative planning is vital for anticipating technical chal-
lenges and tailoring operative strategies [6-8]. Several widely 
recognized classification systems are used to describe these 
anatomical variations. The Michel classification system cate-
gorizes hepatic arterial variations into 10 types, crucial for ar-
terial reconstruction in liver transplantation [9]. The Nakamura 
classification system describes 4 main types of portal vein 
branching, aiding in portal vein reconstruction during sur-
gery [10]. The Huang classification system classifies intrahe-
patic bile duct patterns into 3 types and is important for pre-
venting biliary complications [11].

Despite the growing number of LDLT procedures in Indonesia, 
population-specific anatomical data remain limited [3]. In many 
cases, anatomical challenges are encountered intraoperatively, 
limiting the ability to anticipate and mitigate surgical risks [4,5]. 
A clearer understanding of local anatomical patterns is essen-
tial to improve preoperative assessment and enhance donor 
and recipient outcomes.

Therefore, this retrospective study aimed to evaluate he-
patic artery, portal vein, hepatic vein, and intrahepatic bile 
duct anatomy in 101 living liver donors at a single center 
in Indonesia from 2010 to 2025. Specifically, we sought to 
identify the predominant anatomical variations and assess 
their implications for liver transplantation. By characteriz-
ing these variations, this study aims to support safer surgi-
cal planning and contribute valuable insights to the global 
anatomical database.

Material and Methods

Ethics Statement

All procedures in this study were performed in accordance with 
the ethics standards of the institutional and/or national re-
search committee and with the 1964 Declaration of Helsinki 
and the Declaration of Istanbul on Organ Trafficking and 
Transplant Tourism, as amended. The study protocol was re-
viewed and approved by the Ethics Committee of the Faculty 
of Medicine, Universitas Indonesia, Dr. Cipto Mangunkusumo 
National General Hospital (Approval No. KET-/76/UNZ.F1/ETIK/
PPM.00.02/2024). Written informed consent was obtained from 
all participants prior to inclusion.

Study Population

This study included 72 subjects from a total of 101 liver donors 
who underwent donor evaluation at Dr. Cipto Mangunkusumo 
National General Hospital (CMNGH) between December 2010 
and July 2025. All subjects had undergone computed tomogra-
phy angiography (CTA), but only 96 had complete CTA records. 
In contrast, magnetic resonance imaging (MRI) data were avail-
able for 72 subjects, as incomplete documentation was pres-
ent in the other cases. Demographic and clinical data, including 
age, sex, body mass index (BMI), and operative time, were ob-
tained from medical records. Donors with incomplete imaging 
were excluded from analyses specific to the missing modality.

Anatomical Classifications

Anatomical variations were categorized using established classi-
fication systems. The hepatic arteries were classified according 
to the Michel classification system, which classifies variations in 
the origin and branching patterns of the hepatic arteries into 10 
distinct types. The portal vein branching was described using the 
Nakamura classification system, which categorizes the portal ve-
nous anatomy into 4 main types based on the number and branch-
ing patterns of the portal vein. This classification system was ap-
plied to evaluate the variations in portal vein anatomy, which is 
crucial for portal vein reconstruction during liver transplantation.

The intrahepatic bile duct patterns were assessed according to 
the Huang classification system, which classifies bile duct anat-
omy into 3 types based on the number and configuration of bile 
ducts within the liver to identify variations in the biliary system 
that can reduce the risk of biliary complications during surgery.

Statistical Analysis

The baseline characteristics of donors were summarised and 
analyzed using descriptive statistics. Logistic regression anal-
ysis was used to estimate the adjusted odds ratios (aOR) with 
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95% confidence interval (CI) of having any form of variant anat-
omy as opposed to canonical anatomy while controlling for age, 
BMI, and sex. To the extent permitted by sample size, multi-
nomial regression analysis was performed to assess possible 
relationships with anatomical classes. Predictors of operative 
time, such as age, BMI, sex, and anatomical variation, were 
assessed using linear regression. The Hosmer–Lemeshow test 
(logistic models) and residual plots (linear models) were used 
to evaluate model fit. To prevent quasi-complete separation, 
rare categories with an incidence of fewer than 5 were col-
lapsed. All analyses were performed using IBM SPSS Statistics, 
version 29.0.2.0 (IBM Corp., Armonk, NY, USA), with a 2-tailed 
P value of less than 0.05 regarded as statistically significant.

Results

A total of 101 living liver donor candidates were included in 
the study. The mean donor age was 31.8±6.2 years, and the 
mean BMI was 22.6 kg/m2. There was a greater proportion of 
females (n=63, 62.5%). The average operative time for donor 
hepatectomy was 444.6±124.8 minutes. CTA was performed 
in 96 donors for evaluation of hepatic artery and portal/he-
patic venous anatomy, while MRCP was performed in 72 do-
nors for intrahepatic bile duct assessment.

Anatomical Variations

Hepatic Artery Variations

Among 96 donors with complete computed tomography angi-
ography (CTA), Michel Type I (normal anatomy) predominated 
(70.8%). Variants were present in 29.2% of donors, most fre-
quently Type II (12.5%) and Type IX (4.2%). No Type VII or X 
variants were observed. The overall distribution is illustrated 
in Table 1, with representative CTA images of selected vari-
ants shown in Figure 1.

Portal Vein Variations

Nakamura Type I (standard bifurcation) was the predominant 
pattern (71.9%). Variants were observed in 28.1% of donors, 
most commonly Type III (13.5%) and Type II trifurcation (10.4%), 
with rare forms including Types IV, III+IV, and V (<3% each). The 
overall distribution is presented in Table 2, and representa-
tive CTA images of a Type II trifurcation are shown in Figure 2.

Hepatic Vein Anatomy

Regarding hepatic venous drainage, the right hepatic vein 
(RHV) was the main drainage channel in all donors. In 58 do-
nors (71.6%), a single dominant RHV drained directly into the 
inferior vena cava (IVC). An accessory inferior right hepatic vein 

(accessory IRHV) was identified in 22 donors (27.2%), result-
ing in a double-vein configuration (dominant RHV with acces-
sory IRHV). Only 1 donor (1.2%) exhibited an additional small 
inferior RHV, producing a triple-drainage pattern (Table 3). For 
the left hepatic system, a common trunk of the left and middle 
hepatic veins draining together into the IVC was observed in 
53 donors (65.4%), whereas separate drainage of the left and 
middle hepatic veins occurred in 28 donors (34.6%).

Intrahepatic Bile Duct Variations

In 72 donors evaluated with MRCP, Huang Type A1 was most 
frequent (59.7%). More complex variants accounted for 40.3% 
of donors, with A2 and A3 each observed in 13.8%, A4 in 11.1%, 
and A5 in 1.4% (Table 4).

Sex and Anatomical Variations

In most structures, anatomical variations were more preva-
lent across both male and female donors; however, females 
were more likely to have anatomical variations in the vascu-
lar and biliary systems.

Michel Hepatic Artery

Type I was the most common pattern present across both 
sexes; however, it was more common in males, at 78.4% for 
males and 66.1%for females. Females had more variants, with 
33.9% as opposed to males at 21.6%. Type II, “replaced LHA 
from LGA”, was more common in females.

Nakamura Portal Vein

Type I bifurcation was more common in males (75.7% for males 
and 69.5% for females. However, the variant forms such as tri-
furcation and early right posterior were more common in fe-
males (30.5% for females and 24.3% for males.

Huang Intrahepatic Bile Ducts

Type A1 was the most common of all configurations and was 
present in both males and females. Males had more A1 and 
A3, and females had A1, A2, A3, and A4, which means females 
had a more biliary configurations. Taken together, although 
females had a greater frequency of both vascular and biliary 
variants, the overall distribution patterns were similar, and ca-
nonical anatomy predominated.

Ethnicity and Anatomical Variations

Analysis of ethnic subgroups showed differences in the vas-
cular and biliary anatomy of Indonesian living liver donors 
among subgroups.
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Michel type Description n %

I Normal anatomy 68 70.83%

II Replaced LHA with LGA 12 12.50%

III Replaced RHA with SMA 4 4.20%

IV Replaced RHA and LHA 2 2.10%

V Accessory LHA 3 3.10%

VI Accessory RHA 1 1.10%

VII Accessory LHA and RHA 1 1.10%

VIII Accessory LHA and RHA 1 1.10%

IX Common hepatic artery from the SMA 4 4.20%

Table 1. Hepatic artery variations according to the Michel classification (N=96).

Percentages are calculated from donors with complete CTA data (N=96). LHA – left hepatic artery; RHA – right hepatic artery; 
LGA – left gastric artery; CHA – common hepatic artery; SMA – superior mesenteric artery. Illustration by Anisa Ayu Maharani, MD, MRes.
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Hepatic Artery (Michel)

Among Javanese donors (N=32), Michel Type I (canonical anat-
omy) predominated, observed in 90.6% (n=29), with variants 
identified in 9.4% (n=3). In contrast, Sumatran donors (N=13) 
demonstrated a lower prevalence of Type I anatomy (53.3%, 
n=7) and a higher frequency of variants (46.7%, n=6), most 
commonly Michel Type II (26.7%, n=4). Donors from Sulawesi 
(N=4) exhibited mixed patterns, with both Type I and Type III 
anatomies observed. Kalimantan donors (N=2) showed both 
Type I and Type III variants. All donors from Maluku (N=1) and 
Chinese Indonesian donors (N=1) exhibited Michel Type I anat-
omy exclusively. Interpretations for these smaller subgroups 
should be made cautiously due to the limited sample size.

Portal Vein (Nakamura)

Nakamura Type I was the most common portal vein config-
uration across ethnic groups, occurring in 84.4% of Javanese 
donors (n=27/32) and 60.0% of Sumatran donors (n=6/10). 
Among Sumatran donors, portal vein variants – including 
Type II trifurcation and Type III early right posterior branching 

– were more frequently observed than in Javanese donors. 
In Sulawesi donors (N=3 with evaluable CTA), Type III anato-
my predominated (66.7%, n=2), whereas Kalimantan (N=2), 
Maluku (N=1), and Chinese Indonesian (N=1) donors primar-
ily had Type I anatomy. The small number of donors in these 
subgroups limits definitive conclusions.

Intrahepatic Bile Ducts (Huang)

Huang Type A1 was the most common biliary pattern over-
all. Among Javanese donors (N=24 with MRCP), Type A1 was 
observed in 75.0% (n=18). All Kalimantan donors (N=2) dem-
onstrated Type A1 anatomy. In contrast, all Sumatran donors 
who underwent MRCP (N=5) exhibited Huang Type A3 anato-
my (100%), suggesting greater biliary complexity in this sub-
group. However, this finding should be interpreted with cau-
tion given the limited sample size. Overall, anatomical variants 
– particularly of the hepatic artery, portal vein, and bile ducts – 
were more frequently observed among Sumatran donors com-
pared with Javanese and Kalimantan donors, reflecting the an-
atomical diversity within Indonesia’s multiethnic population.

A

C

B

D

Figure 1. �Computed tomography angiography (CTA) images illustrating hepatic arterial variations according to Michel’s 
classification. (A, B) Type II variant showing the left hepatic artery (LHA) arising from the left gastric artery (LGA). (C) Type 
VIII variant showing replaced right hepatic artery (RHA) from the superior mesenteric artery (SMA) and accessory LHA from 
the LGA. (D) Type IX variant where the common hepatic artery (CHA) originates from the SMA. LHA – left hepatic artery; RHA 
– right hepatic artery; CHA – common hepatic artery; LGA – left gastric artery; SMA – superior mesenteric artery; 
GDA – gastroduodenal artery.
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Nakamura type Description n %

I Standard bifurcation 69 71.88%

II Trifurcation 10 10.42%

III Early branching of RPV 13 13.50%

IV Separate segmental origin 2 2.10%

V Other variation 1 1.10%

III+IV Combination of III and IV 1 1.10%

Table 2. Portal vein anatomy according to the Nakamura classification among 96 living liver donor candidates.

Data derived from donors with complete portal venous imaging (CTA, N=96). MPV – main portal vein; RPV – right portal vein; 
LPV – left portal vein. Illustration by Anisa Ayu Maharani, MD, MRes.

Figure 2. �Computed tomography angiography image 
demonstrating a portal vein variation according to 
Nakamura Type II. Trifurcation of the main portal vein 
into right anterior, right posterior, and left portal veins 
is visualized. MPV – main portal vein; RPV – right portal 
vein; LPV – left portal vein.
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Regression Analysis: Predictors of Anatomical Variation

Hepatic Artery (Michels)

Age was significantly associated with the presence of arteri-
al variation (aOR per year=1.08, 95% CI 1.00-1.16, P=0.046). 
BMI (aOR=0.99, p=0.897) and sex (aOR male vs female=1.74, 
P=0.256) were not significant predictors.

Portal Vein (Nakamura)

The multinomial logistic regression model was significant over-
all (c2=28.06, P=0.021). BMI showed an effect across subtypes 
(P=0.006), with higher BMI tending to increase the likelihood of 
certain variants (eg, Type IV: B=1.30, P=0.053). However, esti-
mates were unstable due to small numbers in rare subgroups, 
and results should be interpreted cautiously. Age (P=0.178) 
and sex (P=0.185) were not significant.

Huang type Description n %

A1 RPHD drains into RAHD 43 59.7%

A2 RPHD drains into the hepatic confluence 10 13.8%

A3 RPHD drains into LHD 10 13.8%

A4 RPHD drains into CHD 8 11.1%

A5 RPHD drains into the cystic duct 1 1.4%

Table 4. Intrahepatic bile duct anatomy according to the Huang classification among 72 living liver donor candidates.

Data based on donors with available MRCP studies (N=72). RAHD – right anterior hepatic duct; RPHD – right posterior hepatic duct; 
LHD – left hepatic duct; CHD – common hepatic duct. Illustration by Anisa Ayu Maharani, MD, MRes.

Pattern Description n %

Single RHV The dominant right hepatic vein drains directly to the IVC 58 71.6%

RHV + accessory IRHV Main RHV plus 1 inferior accessory RHV 22 27.2%

RHV + two accessory IRHVS Main RHV plus 2 inferior accessory RHV 1 1.2%

Table 3. Hepatic vein drainage patterns among 96 donors.

Percentages reflect donors with complete venographic evaluation (N=81). RHV – right hepatic vein; IRHV – inferior right hepatic vein; 
IVC – inferior vena cava.

7

Lalisang A.N.L. et al: 
Hepatic variations in Indonesian donors
© Ann Transplant, 2026; 31: e952031

ORIGINAL PAPER

Indexed in:  [Science Citation Index Expanded]  [Index Medicus/MEDLINE] 
[Chemical Abstracts]  [Scopus]

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

A
P
P
R

O
V

E
D

 G
A

L
L
E
Y
 P

R
O

O
F



Intrahepatic Bile Duct (Huang)

None of the predictors was associated with biliary variation. 
Age (aOR=0.98, P=0.795), BMI (aOR=1.16, P=0.349), and sex 
(aOR=1.43, P=0.698) were all non-significant.

Operative Time Predictors

Linear regression analysis showed that age (B=0.01, P=0.999), 
BMI (B=-15.6, P=0.319), and sex (B=-136.7 minutes for males 
vs females, P=0.122) were not significant predictors of oper-
ative time. Likewise, the presence of anatomical variation in 
the hepatic artery (P=0.947), portal vein (P=0.401), or bile duct 
(P=0.666) did not significantly influence operative time. The 
overall model was not statistically significant (P=0.763, R2=0.16).

Discussion

This study provides the first comprehensive characterization 
of hepatic arterial, portal venous, hepatic venous, and biliary 
anatomy among Indonesian living liver donors over a 15-year 
period at a single center. Canonical anatomical patterns pre-
dominated across all systems, while a substantial proportion 
of donors exhibited clinically relevant vascular and biliary vari-
ants. Regression analysis identified older donor age as an in-
dependent predictor of hepatic artery variation and higher BMI 
as associated with certain portal vein subtypes, whereas bili-
ary anatomy was not significantly influenced by demographic 
factors. Importantly, neither donor characteristics nor anatom-
ical variation significantly prolonged operative time, under-
scoring the feasibility and safety of donor hepatectomy when 
guided by meticulous preoperative imaging. These findings are 
broadly consistent with previously published international se-
ries and provide important comparative data from a Southeast 
Asian population. Although anatomical variations did not sig-
nificantly prolong operative time in our cohort, such variants 
have been associated with increased surgical complexity and 
risk of perioperative complications in hepatobiliary practice. 
Variants of the hepatic artery and portal vein are known to al-
ter the usual anatomy encountered during donor hepatecto-
my and other liver surgeries, and can increase the likelihood 
of intraoperative injury, hemorrhage, ischemia, or biliary trau-
ma if not anticipated and carefully managed. Aberrant arterial 
anatomy has been reported to raise the risk of unintentional 
injury to vascular and biliary structures, which can result in 
bile leaks, ischemic complications, or the need for additional 
vascular reconstruction during or after surgery. These poten-
tial complications could contribute to longer operative times 
in other settings and, importantly, may influence postopera-
tive outcomes such as bile duct injury, vascular complications, 
or incidence of leaks, all of which have clinical significance in 
living donor and transplant surgery [26].

The inclusion of regression modeling represents a unique 
strength of this study. Most previous reports describe only 
prevalence, whereas our analysis identifies independent pre-
dictors and confirms that demographic variables are insuffi-
cient to replace imaging. This analytic approach adds novel 
insight to the anatomical literature and provides clinically rel-
evant reassurance for donor selection and operative planning.

Our study demonstrates that canonical anatomy predominat-
ed across the hepatic artery, portal vein, hepatic veins, and in-
trahepatic bile ducts, broadly consistent with the global liter-
ature [6,12,13]. Michel Type I anatomy was present in 70.8% 
of donor, aligning worldwide prevalence estimates of approx-
imately 70% [12]. Variants such as Type II and IX were also 
common and required meticulous dissection with potential mi-
crovascular reconstruction [6]. Similarly, Nakamura Type I por-
tal vein branching was the most frequent (71.9%), with Type 
II trifurcation (10.4%) and Type III early branching (13.5%) 
observed at comparable rates to international reports, which 
may necessitate tailored reconstruction [13]. Hepatic venous 
drainage via single right hepatic vein was the dominant vari-
ant (71.6%), whereas other complex variants needed venous 
reconstruction to maintain outflow [5,11]. Intrahepatic bile 
duct anatomy was primarily Huang Type A1 (59.7%), though 
variant such as A3, A4, and A5 were more common (26.3%) 
in our series than in Western cohorts, which may increase the 
risk of biliary leakage and stricture [7,8,10,13]. This discrep-
ancy may reflect ethnic or regional influences on biliary em-
bryo development.

In our cohort, males tended to show a higher prevalence of ca-
nonical anatomy, with Type I hepatic artery (78.4% vs 66.1%) 
and Type I portal vein (75.7% vs 69.5%) more frequently ob-
served in males, whereas females demonstrated a broad-
er spectrum of vascular and biliary variants, including higher 
proportions of hepatic artery variants (33.9% vs 21.6%), por-
tal vein variants (30.5% vs 24.3%), and multiple bile duct con-
figurations (A1-A4). This contrasts with previous studies re-
porting that Type I bile duct anatomy was slightly higher in 
males (55.7%) than females (44.3%) and that only bile duct 
Type II was more common in females (52.6% vs 47.4%), al-
though without statistical significance. Furthermore, those 
studies found no significant association between sex or eth-
nicity and the presence of anatomic variants, suggesting that 
while our findings highlight trends of greater variability in fe-
males, these differences may not reach statistical significance 
in larger or more diverse populations.

In our Indonesian series, males consistently showed higher 
frequencies of Type I anatomy in the hepatic artery (78.4% vs 
66.1%) and portal vein (75.7% vs 69.5%), while females dem-
onstrated greater variability, particularly in biliary anatomy 
where configurations extended beyond A1 to include A2-A4. In 
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contrast, the Indian study reported slightly lower overall rates 
of canonical hepatic artery anatomy in both males (69.9%) 
and females (67.1%), though the sex gap was narrower than 
in our series [14]. For portal vein anatomy, however, their co-
hort showed an even higher predominance of Type I in both 
sexes (80.2% in males, 83% in females), with relatively few-
er variants compared to our data. Similar trends were seen in 
hepatic vein and venous variants, where differences between 
males and females were small and did not reach statistical sig-
nificance [15]. Taken together, while both populations dem-
onstrate that canonical anatomy is most common, our data 
suggest relatively greater sex differences in Indonesia, espe-
cially with respect to hepatic artery and biliary variants [16].

A unique strength of our study lies in its regression analysis. 
Donor age showed a statistically significant association with 

hepatic artery variation (aOR 1.08 per year), suggesting that 
subtle vascular remodeling or age-related morphological chang-
es contribute to this trend. However, given the cross-section-
al design and modest effect size, this association should be 
interpreted as an observation rather than a causal relation-
ship. Higher BMI demonstrated an effect across PV subtypes, 
though estimates were unstable and were likely affected by 
the small sample size within rare variants. This pattern could 
reflect either genuine anatomical diversity in higher-BMI do-
nors or limitations in imaging resolution. In contrast, biliary 
anatomy was unaffected by age, sex, or BMI, consistent with 
its embryological origin, which stabilizes early in develop-
ment [17-19]. These findings suggest that demographic data 
are insufficient to predict complex anatomy, reinforcing the 
essential role of preoperative imaging.

A

C

B

D

Figure 3. �Magnetic resonance cholangiopancreatography (MRCP) and intraoperative cholangiography (IOC) showing intrahepatic 
bile duct anatomy according to the Huang classification. (A, B) Normal anatomy (Type I): right anterior hepatic duct (RAHD) 
and right posterior hepatic duct (RPHD) join to form the right hepatic duct before merging with the left hepatic duct (LHD) to 
form the common hepatic duct (CHD). (C) Type IV variant: RPHD drains into the CHD. (D) Type V variant: RPHD drains into the 
cystic duct. RAHD – right anterior hepatic duct; RPHD – right posterior hepatic duct; LHD – left hepatic duct; CHD – common 
hepatic duct; CBD – common bile duct; GB – gallbladder; PD – pancreatic duct.

9

Lalisang A.N.L. et al: 
Hepatic variations in Indonesian donors
© Ann Transplant, 2026; 31: e952031

ORIGINAL PAPER

Indexed in:  [Science Citation Index Expanded]  [Index Medicus/MEDLINE] 
[Chemical Abstracts]  [Scopus]

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

A
P
P
R

O
V

E
D

 G
A

L
L
E
Y
 P

R
O

O
F



Comprehensive preoperative planning in LDLT is critical for min-
imizing morbidity and optimizing surgical outcomes for donors 
and recipients [20-22]. Due to the high variability in hepatic 
anatomy (hepatic artery, portal vein, hepatic veins, and biliary 
ducts), accurate anatomical assessment is essential. Variants of 
HA may predispose to inflow compromise or increase the risk of 
HA thrombosis if not carefully constructed [6]. Portal vein vari-
ants can create challenges in anastomotic planning, requiring 
venoplasty or interposition grafts to prevent segmental conges-
tion [20-22]. Multiple right hepatic veins necessitate additional 
venous anastomoses to secure outflow and prevent graft conges-
tion, while biliary variants increase the risk of bile leak or stricture 
through the need for multiple anastomoses [24,25]. Importantly, 
in our cohort, anatomical variation and donor demographics did 
not significantly affect operative time. This finding underscores 
that, with meticulous preoperative planning and intraopera-
tive adaptation, complex variants can be safely managed with-
out prolonging donor hepatectomy [8,21]. For centers in devel-
oping transplant programs, this offers reassurance that donor 
selection should not be limited by anatomical variation alone.

In our program, CTA reliably delineated arterial and portal ve-
nous anatomy, while MRCP provided accurate biliary mapping. 
Importantly, the expected results from MRCP and intraopera-
tive cholangiography (IOC) are usually concordant, as shown 
in Figure 3, further validating preoperative imaging accuracy 
and minimizing the likelihood of unexpected intraoperative bil-
iary findings, although IOC remained valuable in selected cases 
where biliary detail was unclear. Use of the Michel, Nakamura, 
and Huang standardized classification systems not only facili-
tated surgical planning but also ensured consistency in interdis-
ciplinary communication and data reporting [21,26,27]. While 
recent studies have not definitively quantified reductions in 
ischemia time, optimized planning has been consistently asso-
ciated with shorter operative times, fewer intraoperative sur-
prises, and improved donor and recipient outcomes [21,22]. 
Together, these approaches highlight the indispensability of 
comprehensive imaging in modern LDLT practice.

Strengths and Limitations

Our study represents the largest single-center experience in 
Indonesia, encompassing 101 living liver donors evaluated over 
a 15-year period. Key strengths include the systematic appli-
cation of validated anatomical classification systems and the 
use of regression modeling to explore potential demographic 
predictors of vascular and biliary variation.

Several limitations should be acknowledged. First, the retro-
spective single-center design limits generalizability to other 
institutions and populations. Second, incomplete availabili-
ty of MRCP imaging prior to 2015 reduced the number of do-
nors included in the biliary anatomy analysis. Third, although 

regression analyses were performed to assess predictors of an-
atomical variation, rare portal vein subtypes were represented 
by very small numbers, resulting in unstable coefficient esti-
mates and wide confidence intervals. Consequently, the ob-
served associations – particularly for infrequent Nakamura vari-
ants – should be interpreted with caution, and the regression 
models should be regarded as exploratory rather than confir-
matory for these subgroups. The limited event-per-variable ra-
tio further constrained statistical power and precluded robust 
inference for rare anatomical patterns.

Finally, postoperative outcomes were not evaluated, preventing 
correlation of donor anatomical variation with recipient compli-
cations or graft survival. Future directions include multicenter 
collaboration and the development of a national living donor 
registry to improve sample size, representation, and statisti-
cal robustness. Prospective studies with standardized imaging 
protocols could enable more stable multivariable modeling and 
clarify the clinical relevance of rare vascular and biliary variants. 
Incorporation of three-dimensional reconstruction, virtual surgi-
cal planning, and patient-specific liver modeling may further en-
hance operative precision, particularly in donors with complex 
anatomy. Participation in international anatomical variation da-
tabases would also allow Indonesian data to contribute to global 
reference standards and improve cross-population applicability.

Conclusions

This study provides a comprehensive analysis of hepatic vas-
cular and biliary anatomy in Indonesian living liver donors. 
Canonical anatomical patterns predominated across all sys-
tems, with subtle ethnic differences observed, particularly 
among Sumatran donors, who showed higher rates of vascu-
lar and biliary variants. Regression analysis identified age as a 
predictor of hepatic artery variation and BMI as a factor influ-
encing portal vein subtypes, while biliary anatomy remained 
unaffected by demographic variables. Notably, anatomical vari-
ations did not significantly prolong operative time, showing 
that with meticulous preoperative imaging and planning, com-
plex anatomy can be safely managed without affecting donor 
hepatectomy duration. This study underscores the importance 
of preoperative imaging and standardized classification sys-
tems for optimal donor selection and surgical planning, while 
also providing valuable insights into the anatomical diversity 
within Indonesia’s multiethnic population.
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