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Abstract
Background Minimally invasive pancreaticoduodenectomy (MIPD) has seen increased adoption due to 
advancements in surgical techniques and technology. However, the impact of hepatic artery variations (HAV) and 
clinically relevant HAV (CR-HAV) on MIPD outcomes remains under-investigated. This study aims to explore the 
differences in surgical and oncological outcomes of MIPD with or without HAV and CR-HAV.

Methods We enrolled 267 consecutive patients who underwent MIPD at Peking Union Medical College Hospital 
between January and December 2023. HAV was identified preoperatively through enhanced abdominal CT and 
three-dimensional reconstruction, and classified according to the Michels and Hiatt systems. Clinically relevant 
hepatic artery variations (CR-HAV) were defined based on their potential impact on the surgical approach. We 
collected and analyzed perioperative data and oncological outcomes between patients with and without HAV 
and CR-HAV. Propensity score matching (PSM) was used to minimize baseline confounding. Survival analysis was 
performed using the Kaplan-Meier method with log-rank tests.

Results HAV was identified in 26.1% of patients, and CR-HAV in 18.9%. The median operation time was significantly 
longer in HAV (+) group compared to HAV (-) group (6.72 vs. 5.80 h, p = 0.013). No significant differences were found 
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Introduction
The pancreaticoduodenal region features a complex 
anatomy that is intricately connected to the surrounding 
vasculature. Hepatic artery variation (HAV) is a com-
mon event with an incidence of 20–45% [1–7]. Surgical 
damage to the variant hepatic artery can compromise 
liver perfusion, resulting in ischemic complications of the 
liver and bile duct, such as liver abscess, biliary fistula, 
and even liver failure [2, 8]. The application of minimally 
invasive techniques to major and complex procedures, 
such as pancreaticoduodenectomy, presents significant 
technical challenges for surgeons, particularly in cases 
involving complex anatomical anomalies, such as hepatic 
artery variations [9].

The identification of HAV during MIPD presents 
unique challenges when comparing to open pancreatico-
duodenectomy (OPD) [6, 10]. While MIPD is associated 
with restricted maneuverability of instruments within the 
abdominal cavity and the inability to palpate the arterial 
pulse during operation, it offers improved visualization in 
certain instances. For example, MIPD enables surgeons 
to get up close to the tissues and provides better angles in 
specific situations. During kocherization, the duodenum 
can be visualized more clearly, and when creating the ret-
ropancreatic tunnel, surgeons can often look through the 
tunnel directly. However, these advantages are counter-
balanced by challenges such as limited tactile feedback 
and difficulties in managing unexpected anatomical vari-
ations. These factors may complicate the accurate identi-
fication and preservation of HAV, potentially increasing 
the likelihood of inadvertent vascular injury compared to 
OPD [6]. In contrast, OPD allows for direct and extensive 
visualization of the surgical field, and provides surgeons 
with greater flexibility to adapt and modify the surgical 
approach based on real-time findings, thereby facilitat-
ing the preservation of anatomical variations. These 
challenges of MIPD necessitate reliance on enhanced 
preoperative imaging and meticulous surgical planning 
in order to accurately identify HAV [11].

In recent years, MIPD has experienced rapid advance-
ments driven by significant improvements in lapa-
roscopic and robotic surgical technologies [12, 13]. 

Additionally, increased surgeon expertise and refined 
surgical techniques have contributed to the growing 
adoption and success of MIPD [14]. These advancements 
have collectively resulted in improved patient outcomes, 
including reduced postoperative pain, shorter hospital 
stays, and faster recovery times [15–17], making MIPD 
an increasingly viable and preferred option for complex 
pancreatic surgeries. To date, there are limited articles 
investigating the impact of HAV and clinically relevant 
hepatic artery variation (CR-HAV) on MIPD. Given 
the rapid advancement of minimally invasive surgical 
techniques at our center in recent years, particularly in 
robotic surgery, we selected data from the most recent 
year to explore the differences in surgical and oncological 
outcomes of MIPD with or without HAV.

Materials and methods
Study population and design
Two hundred and sixty-seven consecutive patients 
who underwent MIPD (Laparoscopic or robotic PD) 
in PUMCH between January 2023 and December 2023 
were enrolled from a prospectively maintained database. 
The research flowchart was shown in Fig. 1. The inclusion 
and exclusion criteria were as outlined below. Inclusion 
criteria: Patients with resectable periampullary or pan-
creatic tumor undergoing MIPD. Exclusion criterion: [1] 
Immediate conversion to open surgery after laparoscopic 
or robotic exploration; [2] Important clinical data miss-
ing. A total of 238 patients were finally included in the 
study. This study was approved by the Ethics Committee 
of Peking Union Medical College Hospital and was con-
ducted in accordance with the Declaration of Helsinki (as 
revised in 2013). Written informed consent was obtained 
from all patients participating in the study.

Vascular anatomy was meticulously evaluated using 
abdominal enhanced computed tomography (CT) and 
three-dimensional reconstruction. Each HAV was pre-
cisely identified preoperatively by experienced sur-
geons and radiologists, confirmed intraoperatively, and 
promptly recorded postoperatively at our database based 
on the Michels classification [18] and Hiatt classification 
[1]. We defined replaced vascular variations that might 

between HAV/CR-HAV (+) and (-) groups regarding intraoperative blood loss, conversion to laparotomy, postoperative 
complications, surgical mortality, length of stay, re-operation, and re-admission. Kaplan-Meier survival analysis showed 
no significant differences in overall survival or progression-free survival between HAV/CR-HAV (+) and (-) groups in the 
malignant cohort.

Conclusion HAV and CR-HAV do not significantly impact overall or progression-free survival in patients undergoing 
MIPD. While HAV is associated with longer operation times, other perioperative and oncological outcomes remain 
comparable between HAV/CR-HAV (+) and (-) groups.

Keywords Hepatic artery variation, Minimally invasive pancreaticoduodenectomy, Robotic surgery, Overall survival, 
Progression-free survival, Surgical outcomes
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influence surgical approach, intraoperative decision-
making, and surgical complications as clinically relevant 
hepatic artery variations (CR-HAV). Specifically, these 
are classified under Michels classification types II, III, IV, 
VIII, IX, X. In addition to the total cohort, we created a 
separate group for patients with malignant pathology. 
Each cohort was then categorized based on the pres-
ence of HAV and CR-HAV. All perioperative informa-
tion, including patient demographics, surgical details, 
postoperative complication, pathologic information, and 
survival outcomes were collected and analyzed between 
HAV/CR-HAV and non-HAV/CR-HAV groups.

Operative technique
All the robotic pancreaticoduodenectomy (RPD) were 
carried out with the assistance of da Vinci Robotic Sur-
gical System (Intuitive Surgical, Inc., Sunnyvale, CA, 
USA). Five small incisions are made for the insertion of 
robotic trocars, after which the surgical robot is docked. 
All surgical procedures including tumor resection and 
gastrointestinal anastomosis were performed using 

similar techniques. The surgical details of MIPD have 
been described in detail in our previous study [19].

Study endpoints
The primary endpoints of this study were to assess the 
safety and feasibility of MIPD in patients with HAV. This 
involved evaluating surgical parameters such as opera-
tion time, blood loss, conversion to open surgery, and 
postoperative outcomes including complications and 
hospital stay. Secondary objectives included examining 
the pathological information, including resection margin, 
number of lymph nodes sampled, and survival outcomes 
of MIPD in patients with and without HAV.

Variables and definitions
The Severity grading of postoperative complications 
were classified according to the Clavien-Dindo classifi-
cation [20]. Postoperative pancreatic fistula (POPF) was 
defined based on the 2016 International Study Group of 
Pancreatic Surgery (ISGPS) classification [21]. Delayed 
gastric emptying (DGE) [22] and postpancreatectomy 

Fig. 1 Research flowchart of this study
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hemorrhage (PPH) [23] was defined based on the 2007 
ISGPS classification. Bile leakage was defined according 
to the 2011 International Study Group of Liver Surgery 
classification [24]. Resection radicality was categorized 
into three groups based on the tumor status of the resec-
tion margins: R0, no macroscopic and microscopic evi-
dence of residual tumor at the resection margin; R1, 
microscopic residual tumor; R2, residual tumor [25].

Statistical analysis
Statistical analysis was performed by R software (ver-
sion 4.2.1). T test or Mann-Whitney U test was applied 
for continuous variables, which were presented as 
mean ± standard deviation (SD) and median (range). 
Fisher’s exact test or chi-square test was applied for cat-
egorical variables. Perioperative parameters description 
and differential analysis were performed by R package 
comparegroups. We conducted propensity score match-
ing (PSM) to minimize confounding and balance base-
line characteristics between the HAV/CR-HAV (-) and 
HAV/CR-HAV (+) groups. A random seed of 12,345 was 
used to ensure reproducibility. Variables with a stan-
dardized mean difference (SMD) greater than 0.1 were 
selected as covariates to construct the propensity score 
model. Matching was performed using the nearest neigh-
bor method, with a caliper width equal to 0.2 times the 
standard deviation of the propensity score. The matching 
ratio was set to 2:1. Survival curves were plotted by the 
Kaplan–Meier method and the log-rank test was applied 
to compare statistical differences between the survival 
curves. A two-sided p-value < 0.05 was considered statis-
tically significant.

Results
Patient cohorts
A total of 238 patients with periampullary lesions under-
going MIPD were enrolled in our study. The incidence of 
HAV was 26.1% and CR-HAV was 18.9%. Detailed varia-
tion information According to the Michels and Hiatt 
classification. Detailed variation information of total 
cohort according to the Michels classification and Hiatt 
classification is given in Table 1. Among them, 9 patients 
were not defined by Michels classification, as shown in 
Table 2.

Baseline characteristics
Baseline characteristics of the total cohort (benign and 
malignant) (n = 238) and malignant cohort (n = 200) of 
patients undergoing MIPD were presented in Table S1 
and Table  3. Variables such as gender, age, body mass 
index (BMI), tumor location, American Society of Anes-
thesiologists (ASA) classification, neoadjuvant therapy, 
hypertension, diabetes, history of abdominal surgery, 
history of pancreatitis, preoperative biliary drainage, 
and surgical method showed no significant differences 
between HAV (+) and (-) groups, as well as CR-HAV (+) 
and (-) groups.

Surgical outcomes
As shown in Table S2 and Table 4, in the total cohort, the 
median operation time was significantly longer by nearly 
one hour in HAV (+) patients compared to HAV (-), with 
times of 6.72 and 5.80 h in the two groups, respectively 
(p = 0.013). The median operation time in CR-HAV (+) 
patients was 6.75  h, which was longer than the 5.90  h 
observed in CR-HAV (-) patients, but there was no signif-
icant difference between the two groups (p = 0.067). Simi-
larly, in the malignant cohort, the median operation time 
was also significantly longer in HAV (+) patients than in 
the HAV (-) group (p = 0.014). However, no significant 
difference was observed in the CR-HAV (+) and CR-HAV 
(-) groups (p = 0.119). There was no significant difference 
between the CR-HAV/HAV (+) and (-) patients regarding 
intraoperative blood transfusion, blood loss, conversion 

Table 1 Detailed hepatic variations of HAV group and CR-HAV 
group based on Michels and Hiatt classification

Total cohort
(n = 238)

Hepatic artery 
variation
(n = 62)

Clinically rel-
evant hepatic 
artery variation
(n = 45)

Michels type
 I 176 (73.95%) 0 (0.00%) 0 (0.00%)
 II 10 (4.20%) 10 (16.13%) 9 (20.00%)
 III 20 (8.40%) 20 (32.26%) 20 (44.44%)
 V 10 (4.20%) 10 (16.13%) 5 (11.11%)
 VI 2 (0.84%) 2 (3.23%) 0 (0.00%)
 VIII 2 (0.84%) 2 (3.23%) 0 (0.00%)
 IX 9 (3.78%) 9 (14.52%) 9 (20.00%)
 Other 9 (3.78%) 9 (14.52%) 2 (4.44%)
Hiatt type
 I 177 (74.37%) 0 (0.00%) 0 (0.00%)
 II 22 (9.24%) 22 (35.48%) 10 (22.22%)
 III 24 (10.08%) 25 (40.32%) 21 (46.67%)
 IV 5 (2.10%) 5 (8.07%) 4 (8.89%)
 V 10 (4.20%) 10 (16.13%) 10 (22.22%)

Table 2 Unclassified variations in the Michels classification
Other (Michel 
type)

Anatomy n (%)

Accessory RHA from GDA 2 (22.2%)
Replaced RHA from CA 2 (22.2%)
Replaced LHA from LGA and Replaced 
CHA from SMA

1 (11.1%)

Replaced RHA from GDA 1 (11.1%)
Accessory RHA from CA 1 (11.1%)
Replaced LHA from replaced LGA (LGA 
from AA)

1 (11.1%)

Accessory LHA from CHA and Re-
placed LHA from LGA

1 (11.1%)
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to laparotomy, lCU stays, postoperative complications, 
surgical mortality, length of stay, re-operation, re-admis-
sion, harvested lymph nodes, and resection margin. Simi-
larly, after PSM, no significant differences were observed 
between CR-HAV (+) and CR-HAV (-) groups in surgical 
outcomes (Table S3).

Survival analysis
In the malignant cohort, 172 patients were included 
in the survival analysis. Among them, 47 patients had 
HAV and 34 patients had CR-HAV. The mean follow-up 

period was 10.3 mouths. Only 11 patients were dead by 
the last follow-up. We illustrated the Kaplan-Meier sur-
vival curves comparing overall survival (OS) and pro-
gression-free survival (PFS) among patients with and 
without HAV and CR-HAV. In Fig. 2A, the OS between 
patients with HAV (+) and HAV (-) groups showed no 
significant difference (log-rank P = 0.773; HR = 1.199, 
95% CI: 0.349–4.120). Similarly, Fig. 2B indicated no sig-
nificant difference in OS between CR-HAV (+) and CR-
HAV (-) patients (log-rank P = 0.200; HR = 2.188, 95% CI: 
0.640–7.481). Figure 2C and D presented the PFS, where 

Table 3 Baseline characteristics of the total cohort (benign and malignant) and malignant cohort of patients with or without clinically 
relevant hepatic artery variation (CR-HAV)

Total cohort (Malignant and benign) Malignant cohort

CR-HAV CR-HAV
Variables Total cohort 

(N = 238)
 No
(n = 193)

 Yes
(n = 45)

p Total cohort 
(N = 200)

 No
(n = 162)

 Yes
(n = 38)

p

Gender 0.159 0.313
 Female 102 (42.86%) 78 (40.41%) 24 (53.33%) 88 (44.00%) 68 (41.98%) 20 (52.63%)
 Male 136 (57.14%) 115 (59.59%) 21 (46.67%) 112 (56.00%) 94 (58.02%) 18 (47.37%)
Age, years [Median (Q1, Q3)] 60.00 [54.00;68.00] 60.00 

[54.00;68.00]
59.00 
[56.00;69.00]

0.744 62.00 
[56.00;69.00]

61.50 
[56.00;69.00]

65.00 
[57.00;69.00]

0.629

BMI, kg/m2 (Mean ± SD) 22.34 ± 3.02 22.44 ± 3.08 21.94 ± 2.76 0.297 22.23 ± 3.01 22.29 ± 3.05 21.96 ± 2.88 0.522
Tumor location 0.597 0.533
 Common bile duct 27 (11.34%) 23 (11.92%) 4 (8.89%) 26 (13.00%) 22 (13.58%) 4 (10.53%)
 Duodenum 24 (10.08%) 20 (10.36%) 4 (8.89%) 22 (11.00%) 18 (11.11%) 4 (10.53%)
 Pancreas 141 (59.24%) 116 (60.10%) 25 (55.56%) 107 (53.50%) 89 (54.94%) 18 (47.37%)
 Vater’s Ampulla 46 (19.33%) 34 (17.62%) 12 (26.67%) 45 (22.50%) 33 (20.37%) 12 (31.58%)
ASA classification 0.295 0.125
 1 8 (3.36%) 6 (3.11%) 2 (4.44%) 6 (3.00%) 4 (2.47%) 2 (5.26%)
 2 174 (73.11%) 137 (70.98%) 37 (82.22%) 142 (71.00%) 111 (68.52%) 31 (81.58%)
 3 55 (23.11%) 49 (25.39%) 6 (13.33%) 51 (25.50%) 46 (28.40%) 5 (13.16%)
 4 1 (0.42%) 1 (0.52%) 0 (0.00%) 1 (0.50%) 1 (0.62%) 0 (0.00%)
Neoadjuvant therapy 0.440 0.441
 No 227 (95.38%) 185 (95.85%) 42 (93.33%) 189 (94.50%) 154 (95.06%) 35 (92.11%)
 Yes 11 (4.62%) 8 (4.15%) 3 (6.67%) 11 (5.50%) 8 (4.94%) 3 (7.89%)
Hypertension 1.000 1.000
 No 156 (65.55%) 127 (65.80%) 29 (64.44%) 127 (63.50%) 103 (63.58%) 24 (63.16%)
 Yes 82 (34.45%) 66 (34.20%) 16 (35.56%) 73 (36.50%) 59 (36.42%) 14 (36.84%)
Diabetes 0.749 0.837
 No 166 (69.75%) 136 (70.47%) 30 (66.67%) 137 (68.50%) 112 (69.14%) 25 (65.79%)
 Yes 72 (30.25%) 57 (29.53%) 15 (33.33%) 63 (31.50%) 50 (30.86%) 13 (34.21%)
History of abdominal surgery 1.000 0.926
 No 208 (87.39%) 169 (87.56%) 39 (86.67%) 172 (86.00%) 140 (86.42%) 32 (84.21%)
 Yes 30 (12.61%) 24 (12.44%) 6 (13.33%) 28 (14.00%) 22 (13.58%) 6 (15.79%)
History of pancreatitis 0.596 0.213
 No 212 (89.08%) 173 (89.64%) 39 (86.67%) 181 (90.50%) 149 (91.98%) 32 (84.21%)
 Yes 26 (10.92%) 20 (10.36%) 6 (13.33%) 19 (9.50%) 13 (8.02%) 6 (15.79%)
Biliary Drainage 0.934 0.844
 No 152 (63.87%) 124 (64.25%) 28 (62.22%) 116 (58.00%) 95 (58.64%) 21 (55.26%)
 Yes 86 (36.13%) 69 (35.75%) 17 (37.78%) 84 (42.00%) 67 (41.36%) 17 (44.74%)
Surgical method 0.179 0.291
 Laparoscopic 114 (47.90%) 97 (50.26%) 17 (37.78%) 97 (48.50%) 82 (50.62%) 15 (39.47%)
 Robotic 124 (52.10%) 96 (49.74%) 28 (62.22%) 103 (51.50%) 80 (49.38%) 23 (60.53%)
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no significant differences were observed between HAV 
(+) and HAV (-) patients (log-rank P = 0.209; HR = 0.540, 
95% CI: 0.203–1.434) or between CR-HAV (+) and CR-
HAV (-) patients (log-rank P = 0.506; HR = 0.698, 95% CI: 
0.240–2.026).

To further analyze the potential impact of clinically 
relevant hepatic artery variations (CR-HAV) on survival 
outcomes, PSM was performed. After PSM, Kaplan-
Meier survival analysis still revealed no statistically sig-
nificant differences in OS or PFS between patients with 
and without CR-HAV. As shown in Supplementary 

Figure S1A, the OS analysis indicated no significant dif-
ference between CR-HAV (+) and CR-HAV (-) groups 
(log-rank P = 0.566; HR = 1.767, 95% CI: 0.247–12.629). 
Similarly, Supplementary Figure S1B demonstrated no 
significant difference in PFS between CR-HAV (+) and 
CR-HAV (-) groups (log-rank P = 0.985; HR = 1.013, 95% 
CI: 0.261–3.930).

Table 4 Surgical outcomes of the total cohort and malignant cohort of patients with or without clinically relevant hepatic artery 
variation (CR-HAV)

Total cohort (Malignant and benign) Malignant cohort

CR-HAV CR-HAV
Variables Total cohort 

(N = 238)
 No
(n = 193)

 Yes
(n = 45)

p Total cohort 
(N = 200)

 No
(n = 162)

 Yes
(n = 38)

p

Operative blood loss, ml 200.00 
[100.00;500.00]

200.00 
[100.00;500.00]

300.00 
[150.00;500.00]

0.253 200.00 
[100.00;500.00]

200.00 
[100.00;500.00]

250.00 
[150.00;475.00]

0.431

Operative time, hour 6.00 [4.43;7.30] 5.90 [4.30;7.25] 6.75 [5.40;7.50] 0.067 6.00 [4.30;7.30] 5.80 [4.30;7.30] 6.65 [5.20;7.65] 0.119
Conversion to laparotomy 0.183 0.262
 No 212 (89.08%) 169 (87.56%) 43 (95.56%) 178 (89.00%) 142 (87.65%) 36 (94.74%)
 Yes 26 (10.92%) 24 (12.44%) 2 (4.44%) 22 (11.00%) 20 (12.35%) 2 (5.26%)
Clavien-Dindo ≥ 3a 0.901 0.612
 No 205 (86.13%) 167 (86.53%) 38 (84.44%) 171 (85.50%) 140 (86.42%) 31 (81.58%)
 Yes 33 (13.87%) 26 (13.47%) 7 (15.56%) 29 (14.50%) 22 (13.58%) 7 (18.42%)
Pancreatic fistula (Grades 
B/C)

0.909 0.618

 No 184 (77.31%) 150 (77.72%) 34 (75.56%) 151 (75.50%) 124 (76.54%) 27 (71.05%)
 Yes 54 (22.69%) 43 (22.28%) 11 (24.44%) 49 (24.50%) 38 (23.46%) 11 (28.95%)
DGE (Grades B/C) 0.494 0.920
 No 201 (84.45%) 161 (83.42%) 40 (88.89%) 170 (85.00%) 137 (84.57%) 33 (86.84%)
 Yes 37 (15.55%) 32 (16.58%) 5 (11.11%) 30 (15.00%) 25 (15.43%) 5 (13.16%)
PPH (Grades B/C) 0.764 0.753
 No 219 (92.02%) 178 (92.23%) 41 (91.11%) 182 (91.00%) 148 (91.36%) 34 (89.47%)
 Yes 19 (7.98%) 15 (7.77%) 4 (8.89%) 18 (9.00%) 14 (8.64%) 4 (10.53%)
Biliary fistula (Grades B/C) 1.000 1.000
 No 231 (97.06%) 187 (96.89%) 44 (97.78%) 193 (96.50%) 156 (96.30%) 37 (97.37%)
 Yes 7 (2.94%) 6 (3.11%) 1 (2.22%) 7 (3.50%) 6 (3.70%) 1 (2.63%)
Length of stay, days 17.00 [14.00;22.75] 17.00 

[14.00;24.00]
16.00 
[13.00;22.00]

0.385 17.00 
[14.00;24.00]

17.00 
[14.00;24.00]

17.00 
[13.00;22.75]

0.533

In-hospital death
 No 238 (100.00%) 193 (100.00%) 45 (100.00%) . 200 (100.00%) 162 (100.00%) 38 (100.00%) .
Re-operation 1.000 1.000
 No 235 (98.74%) 190 (98.45%) 45 (100.00%) 197 (98.50%) 159 (98.15%) 38 (100.00%)
 Yes 3 (1.26%) 3 (1.55%) 0 (0.00%) 3 (1.50%) 3 (1.85%) 0 (0.00%)
Re-admission 0.493 0.276
 No 223 (93.70%) 182 (94.30%) 41 (91.11%) 187 (93.50%) 153 (94.44%) 34 (89.47%)
 Yes 15 (6.30%) 11 (5.70%) 4 (8.89%) 13 (6.50%) 9 (5.56%) 4 (10.53%)
Positive lymph nodes 0.00 [0.00;2.00] 0.00 [0.00;1.00] 0.00 [0.00;2.00] 0.192 0.00 [0.00;2.00] 0.00 [0.00;2.00] 1.00 [0.00;2.75] 0.137
Harvested lymph nodes 19.00 [12.00;26.00] 19.00 

[12.00;26.00]
18.00 
[13.00;23.00]

0.543 19.00 
[13.00;26.00]

19.50 
[13.00;26.75]

18.00 
[13.00;22.75]

0.419

R1 resection 0.194 0.194
 No 222 (93.28%) 182 (94.30%) 40 (88.89%) 184 (92.00%) 151 (93.21%) 33 (86.84%)
 Yes 16 (6.72%) 11 (5.70%) 5 (11.11%) 16 (8.00%) 11 (6.79%) 5 (13.16%)
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Discussion
Our study underscores the importance of hepatic artery 
variation (HAV) and clinically relevant hepatic artery 
variation (CR-HAV) in minimally invasive pancreatico-
duodenectomy (MIPD). In our cohort, the incidence of 
HAV and CR-HAV was 26.1% and 18.9%, respectively, 
which aligns with previous reports indicating that HAV 
is relatively common [26]. The presence of HAV poses 
substantial challenges for surgeons, especially when 
employing minimally invasive techniques [11, 26]. MIPD 
is technically demanding due to limited visualization and 
restricted maneuverability within the abdominal cavity, 
which complicates the identification and preservation 
of HAV. This contrasts with open pancreaticoduodenec-
tomy [27], where direct and extensive visualization allows 

for better adaptability and real-time surgical adjustments. 
Our study underscores the need for enhanced preopera-
tive imaging and meticulous surgical planning in MIPD 
to effectively address the risks posed by HAV.

The learning curve for pancreatic surgery varies sig-
nificantly depending on the type of procedure and the 
surgeon’s prior experience [28]. For robotic pancreati-
coduodenectomy (RPD), proficiency generally requires 
between 20 and 80 case [29–32], with some studies 
suggesting up to 250 cases for mastery [33]. The learn-
ing curve is marked by initial higher estimated blood 
loss, higher rates of complications and longer operative 
times, which decrease as experience increases [34, 35]. 
However, surgeons with substantial prior experience 
in laparoscopic pancreaticoduodenectomy (LPD) were 

Fig. 2 Kaplan-Meier survival curves that analyze the impact of hepatic artery variation (HAV) and clinically relevant hepatic artery variation (CR-HAV) 
on both overall survival and progression-free survival among patients in the malignant cohort. (A) Overall survival for patients with and without HAV. 
(B) Overall survival for patients with and without CR-HAV. (C) Progression-free survival for patients with and without HAV. (D) Progression-free survival 
for patients with and without CR-HAV. The blue line represents patients without HAV/CR-HAV, and the red line represents patients with HAV/CR-HAV. 0, 
without HAV/CR-HAV; 1, with HAV/CR-HAV
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shown to safely overcome the RPD learning curve with-
out increasing morbidity during the early phase [36]. The 
learning curve for LPD also varies significantly, requiring 
30 to 70 cases for proficiency [37–40] and mastery often 
requiring up to 100 cases [38]. Our center has been per-
forming robotic and laparoscopic pancreatic surgeries for 
over 10 years, with an annual volume exceeding 500 cases 
in recent 3 years. Having surpassed the learning curve, 
we selected data from the past year as it represents the 
period when our surgical techniques are at their best.

The presence of hepatic artery variations often neces-
sitates more complex surgical planning and techniques, 
which can extend the operation time during robotic 
pancreaticoduodenectomy [6], hepatectomy [41], and 
liver transplantation [42, 43]. Similarly, our findings indi-
cate that HAV and CR-HAV significantly extend opera-
tion time during MIPD, both in the total cohort and the 
malignant cohort. This finding reflects the increased 
complexity and technical challenges posed by HAV, 
requiring additional time for careful dissection and pres-
ervation of the variant arteries. However, other periop-
erative parameters, including intraoperative blood loss, 
conversion to laparotomy, postoperative complications, 
surgical mortality, length of stay, re-operation, re-admis-
sion, and pathological indicators such as harvested lymph 
nodes and resection margin, did not differ significantly 
between HAV/CR-HAV (+) and (-) groups. Alexakis et 
al. also reported that HAV does not affect surgical mor-
bidity or resection margin status for patients undergoing 
pancreatoduodenectomy [44]. Our survival analysis con-
firms that HAV and CR-HAV have no significant impact 
on overall or progression-free survival in MIPD patients 
with malignant periampullary lesions, aligning with find-
ings from previous studies [6, 45]. Despite the increased 
surgical complexity associated with HAV and CR-HAV, 
these results suggest that they do not adversely affect 
other surgical outcomes and oncological outcomes with 
meticulous preoperative planning and accurately identifi-
cation of vascular variations.

Although the R1 resection rates in HAV/CR-HAV (+) 
patients did not reach statistical significance in this study, 
we observed that the R1 resection rates in these groups 
were approximately twice as high as those in HAV/CR-
HAV (-) groups. This trend may be related to the small 
sample size and the non-randomized nature of the study, 
but it remains noteworthy. For patients with HAV/CR-
HAV, surgeons should carefully consider the potentially 
increased risk of R1 resection when deciding whether to 
perform a minimally invasive Whipple procedure.

To our knowledge, this study is the first to investigate 
the surgical and oncological impact of HAV/CR-HAV 
on MIPD. While HAV present significant technical chal-
lenges, they do not adversely affect surgical outcomes or 
long-term survival. The advancements in laparoscopic 

and robotic surgical technologies, combined with 
increased surgeon expertise, have made MIPD a viable 
and preferred option for complex pancreatic surgeries.

One of the limitations of this study is the relatively 
small sample size, which may restrict the robustness 
and generalizability of the survival analysis. The results 
should therefore be considered exploratory, and further 
research with larger, more diverse cohorts is necessary to 
validate these findings. Additionally, the follow-up period 
in this study was relatively short, which limits our abil-
ity to assess the long-term outcomes and the full impact 
of hepatic artery variations (HAV) on patient prognosis. 
Given the limited sample size and follow-up duration, 
we caution against overinterpreting the survival out-
comes or making broad clinical recommendations based 
on these results alone. Future studies with larger patient 
populations and longer follow-up periods will be essen-
tial to confirm the long-term impact of HAV on patient 
outcomes.

Conclusion
In this study, we examined the impact of HAV and CR-
HAV on patients with periampullary lesions undergo-
ing MIPD. The incidence rates were 26.1% for HAV and 
18.9% for CR-HAV. While HAV (+) patients experienced 
significantly longer operation times, there were no signif-
icant differences in other surgical outcomes or in overall 
and progression-free survival between HAV/CR-HAV (+) 
and HAV/CR-HAV (-) patients.
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