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ABSTRACT
Objective The purpose of the study was to determine the impact of tumor location in patients with a replaced right hepatic artery (r-RHA) 
who undergo pancreaticoduodenectomy for pancreatic adenocarcinoma. Methods A retrospective analysis was performed of a cohort 
of 117 patients with T3 PA who underwent PD between 2001 and 2015. The patients were divided into two groups, one with an r-RHA 
(r-RHA(+) group) and the other without an r-RHA (r-RHA(-) group), and surgical outcomes, margin status, and survival were compared 
between the two groups by tumor location, the uncinate process and the dorsal pancreas. Results Twenty-six patients were found to have 
an r-RHA. Though there were no differences in the intraoperative variables, such as operative duration and blood loss, the incidence of 
complications, and the R1 resection rates and overall survival between the patients with and without an r-RHA, when tumor was located 
in the uncinate process, positive microscopic surgical margins were seen significantly more frequently in the r-RHA(+) group (40%) than 
in the r-RHA(-) group (15%) (p=0.048). Conclusions When tumor was located in the uncinate process, R1 resection rates increased in 
the patients with r-RHA who underwent pancreaticoduodenectomy for pancreatic adenocarcinoma. Based on the spreading patterns of 
carcinoma via the extrapancreatic nerve plexus, it might be better to consider en bloc resection of the r-RHA to improve the R0 resection 
rate in the patients with tumor located in the uncinate process when extrapancreatic nerve plexus invasion is strongly suspected.

Received July 25th, 2018 - Accepted September 10th, 2018
Keywords Adenocarcinoma; Hepatic Artery; 
Pancreaticoduodenectomy
Abbreviations PA pancreatic adenocarcinoma; PD 
pancreaticoduodenectomy; SMA superior mesenteric artery
Correspondence Daisuke Satoh
Department of Gastroenterological Surgery
Hiroshima City Hiroshima Citizens Hospital, 7-33 Motomachi
Naka-ku, Hiroshima, Japan
Tel +81-82-221-2291
Fax +81-82-223-5514
E-mail ddds4863@gmail.com

Impact of Tumor Location on Margin Status in Patients with A Replaced 
Right Hepatic Artery Who Undergo Pancreaticoduodenectomy for 

Adenocarcinoma

Daisuke Satoh, Hiroyoshi Matsukawa, Shigehiro Shiozaki

Department of Gastroenterological Surgery, Hiroshima City Hiroshima Citizens Hospital, 7-33 
Motomachi, Naka-ku, Hiroshima, Japan

INTRODUCTION
Because a replaced right hepatic artery (r-RHA) or 

accessory RHA, which has been reported to be present 
in 10-18% [1, 2, 3, 4] of the population, is not rare, it is 
important to know precisely the anatomic variation of 
the artery preoperatively and plan a proper therapeutic 
strategy for pancreatic adenocarcinoma (PA) to obtain 
negative surgical margins. 

The r-RHA arises from the superior mesenteric artery 
(SMA), and it has an intimate relationship with the head 
of the pancreas, since it frequently runs directly adjacent 
to and occasionally through the pancreatic parenchyma 
or extrapancreatic nerve plexus [4]. When the distance 
between the tumor and the r-RHA is small, the risk of 
positive surgical margins might increase. In some cases, 
even when the tumor is not abutting or adjacent to the 

rRHA, the surgical margins might be positive by dissecting 
the r-RHA from the extrapancreatic nerve plexus due to 
perineural invasion of the PA. Therefore, it is occasionally 
thought that sacrifice of the r-RHA is necessary during 
pancreaticoduodenectomy (PD) [5, 6]. However, ligation 
of the r-RHA is reported to cause hepatic ischemia and 
biliary anastomotic complications, such as biliary fistulas 
and biliary stenosis, because the RHA becomes the 
predominant vascular source for the distal common bile 
duct during PD [7, 8]. On the other hand, a recent study 
reported that preservation of the r-RHA in patients who 
underwent PD for PA did not show increased positive 
margins [2, 9]. Thus, the indication for preservation or en 
bloc resection of the r-RHA remains unclear. 

Invasion by carcinoma of the head of the pancreas via 
the extrapancreatic nerve plexus is reported to be divided 
into 2 patterns based on the embryological structure of 
the pancreas and the location of the tumor [10]. Namely, 
patients with carcinoma in the uncinate process frequently 
have pancreatic head plexus and SMA plexus invasion, 
while patients with carcinoma in the dorsal pancreas have 
invasion into the common hepatic artery plexus and the 
plexus within the hepatoduodenal ligament. It is assumed 
that the risk of positive surgical margins would increase 
with dissection of the r-RHA from the pancreatic head 
plexus in patients who have tumor in the uncinate process. 
Therefore, tumor location may strongly affect margin 
status in patients with an r-RHA who undergo PD for PA. 
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The aim of this study was to elucidate the impact of tumor 
location on surgical margins and to consider the optimal 
resection strategy in patients with an r-RHA who undergo 
PD for PA.     

PATIENTS AND METHODS
A total of 117 patients with T3 PA who underwent 

curative PD in our institution from January 2001 to 
December 2015, including 91 with a normal RHA and 
26 with RHA variations (24 with an r-RHA and two with 
a replaced CHA from the SMA), were retrospectively 
analyzed. All patient data were entered retrospectively 
into clinical databases approved by our institutional 
review boards. The study protocol was approved by 
the Clinical Research Ethics Committee of our hospital 
(protocol number: 28-187). Written, informed consent 
was obtained from all patients in the study. Patients with 
PA of the body or tail of the pancreas, intraductal papillary 
mucinous adenocarcinoma, common bile duct carcinoma, 
and ampulla of Vater adenocarcinoma were excluded from 
this study. All patients were examined preoperatively by 
computed tomography (CT), and arterial variations were 
evaluated. All patients underwent PD with reconstruction 
using a 70-cm roux-en-Y loop of jejunum for pancreatic and 
biliary anastomosis. An extended lymphadenectomy was 
not routinely performed in our institution. The r-RHA was 
generally dissected along its entire course up to its origin 
from the SMA and preserved. When tumor encasement 
of the r-RHA or remarkable extrapancreatic nerve plexus 
invasion was suspected on preoperative CT, preoperative 
coil embolization of the r-RHA was performed to promote 
collateral pathways and prevent ischemia-related 
complications, as well as en bloc resection of the r-RHA 
during PD. 

Patients were defined as potentially resectable, 
borderline resectable in accordance with the National 

Comprehensive Cancer Network (NCCN) criteria. During 
the period between January 2001 to December 2004, no 
patients with PA received neoadjuvant therapy. During 
the period between January 2005 to December 2011, 
the patients with borderline resectable PA received 
gemcitabine standard-dose chemotherapy for 8 weeks 
concurrent with a total dose of 50 Gy of radiation. Since 
January 2012, patients with borderline resectable PA 
were planned to receive S-1 standard-dose/gemcitabine 
800 m/m2 chemotherapy for 8 weeks as neoadjuvant 
therapy. When a histopathological examination revealed 
R1 resections, we administered systemic chemotherapy 
postoperatively.  

Variables that included age, sex, maximal tumor size, 
location of the tumor, operative duration, blood loss during 
operation, morbidity, perineural invasion, lymph node 
status, surgical margin status including the pancreatic 
resection margin, biliary margin, posterior margin, and 
retroperitoneal margin were evaluated. Median overall 
survival was also determined. Margin status and survival 
were compared between the patients with the r-RHA 
(r-RHA(+) group, n=26) and the patients without the 
r-RHA (r-RHA(-) group, n=91) according to the tumor 
location, which involved the uncinate process and the 
dorsal pancreas. The uncinate process and dorsal pancreas 
were distinguished using the duct of Santorini, the duct of 
Wirsung, the portal vein (PV)/superior mesenteric vein 
(SMV), and the bile duct as landmarks on the CT images. The 
head of the pancreas was divided into the uncinate process 
and dorsal pancreas by a line linking the PV/SMV and the 
anterior edge of the intrapancreatic bile duct (Figure 1) 
[11]. In addition, the margin status was assessed according 
to the distance between tumor and the r-RHA in the r-RHA 
(+) group. A tumor located within 10 mm of the r-RHA was 
considered adjacent tumor, and tumor located more than 
10 mm from the r-RHA was considered distant tumor in 

a b

Figure 1. Distinguishing between the uncinate process and dorsal pancreatic. The head of the pancreas is divided into the dorsal pancreas and uncinate 
process by a line linking the PV/SMV and the anterior edge of the intrapancreatic bile duct.
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this study [12]. In this study, we defined R1 as the presence 
of tumor cells within 1mm of resection margin (1 mm rule) 
[13]. Considering a long study period, we reassessed all 
pancreatic resection specimens according to 1mm rule.

Continuous data are expressed as means ± SD and were 
compared using the Mann-Whitney U test. Categorical data 
were assessed using the chi-squared test. Patient survival 
and recurrence rates were estimated by the Kaplan-Meier 
method, and differences between survival curves were 
tested by the log-rank test. Statistical analysis was carried 
out using JMP software (version 9.0; SAS Institute, Inc., 
Cary, NC, USA). 

RESULTS
RHA variation was identified in 26 patients (22.2%) on 

preoperative CT. The variations of the RHA included 24 
(20.5%) r-RHAs from the SMA and two (1.7%) replaced 
CHAs from the SMA. The r-RHA was preserved in 22 
patients. There were no significant differences in age, sex, 
status of resectability, number of patients who received 
neoadjuvant therapy, tumor size, and proportion of tumor 
locations between the r-RHA(-) group and the r-RHA(+) 

group (Table 1). There were also no significant differences 
in operative duration, blood loss, and the incident of 
postoperative pancreatic fistula and the grading of the 
overall postoperative complications evaluated by Clavien-
Dindo’s classification revealed no significant differences 
between the two groups (Table 2). On pathological 
examination, there were no differences in the rates of 
perineural invasion and positive lymph nodes between 
the two groups. A positive resection margin was seen in 
17 patients (18.7%) in the r-RHA(-) group and 8 patients 
(30.8%) in the r-RHA(+) group; the difference was not 
significant (P=0.199).  

Subgroup analyses of resection margin status were 
performed by tumor location (the uncinate process and 
dorsal pancreas). In the r-RHA(-) group, 59 patients 
(64.8%) had tumor in the uncinate process. On the other 
hand, in the r-RHA(+) group, 15 patients (57.7%) had 
tumor in the uncinate process. When tumor was located 
in the uncinate process, positive microscopic surgical 
margins were seen significantly more frequently in the 
r-RHA(+) group (6 of 15, 40%) than in the r-RHA(-) group 
(9 of 59, 15%) (P=0.048). However, when tumor was 

r-RHA(-) group
(n = 91)

r-RHA(+) group
(n = 26) p value

Age (years) 68.3 ± 1.0 67.1 ± 1.8 0.562
Sex (n) (male/female) 50 / 41 13 / 13 0.656
Tumor size (cm) 2.9 ± 0.1 3.2 ± 0.2 0.147
Status of resectability
    Resectable
    Borderline resectable

71
20

19
7

0.602

Neoadjuvant therapy (n) 10 (11%) 5 (19%) 0.287
Tumor location (n)
    Uncinate process
    Dorsal pancreas 

59 (65%)
32 (35%)

16 (62%)
10 (38%)

0.758

HA variations (n)
    Replaced RHA from the SMA 
    CHA from the SMA

0
0

24
2

<0.001
<0.001

Table 1. Patients’ characteristics.

CHA: Common Hepatic Artery; RHA: Right Hepatic Artery; SMA: Superior Mesenteric Artery

r-RHA(-) group
(n = 91)

r-RHA(+) group
(n = 26) p value

Intraoperative
Operative duration (min) 517.9 ± 12.3 513.1 ± 23.0 0.856
Blood loss (ml) 1243± 112.3 1129 ± 208.9 0.633

Postoperative
Pancreatic fistulaa

  Grade A, n (%)
  Grade B, n (%)
  Grade C, n (%)

29 (32%)
17 (19%)
1 (1%)

7 (27%)
4 (15%)
0 (0%)

0.675

Mobidity
Clavien-Dindo grade 1-2, n (%)
Clavien-Dindo grade 3+, n (%)

35 (36%)
27 (30%)

7 (27%)
5 (19%) 0.365

Pathologic
Perineural invasion, n (%) 32 (35%)  11 (42%) 0.508
Positive lymph nodes, n (%) 58 (64%) 17 (65%) 0.877
Resection margin

  Negative (R0), n (%)
  Positive (R1), n (%)

74 (81%)
17 (19%)

18 (69%)
8 (31%)

0.199

Table 2. Surgical outcomes, pathological findings.

RHA: Right Hepatic Artery
a Pancreatic fisutula was defined according to the International Study Group of Pancreatic Surgeons.
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located in the dorsal pancreas, there was no significant 
difference in surgical margin status between the r-RHA(+) 
group (2 of 11, 18%) and the r-RHA(-) group (8 of 32, 
25%) (P=0.638) (Figure 2). 

The median survival times were 26 months in the 
r-RHA(-) group and 32 months in the r-RHA(+) group; 
the difference was not significant (p=0.430) (Figure 3a). 
Similarly, the overall survival of patients with tumor 
located in the dorsal pancreas (median survival time: 
28 months) was similar to that of patients with tumor 
located in the uncinated process (median survival time: 
27 months) (P=0.752: Figure 3b). However the patients 
who underwent R0 resections had a significantly better 
overall survival than those who underwent R1 resections 
(median survival time: 31 months vs. 18 months, p=0.019)  
(Figure 3c). 

The enrolment period was quite huge in this study; 
therefore, we performed sub-analysis of survival by 
period. All patients were divided into the early period 
(2001-2008) and the late period (2009-2015). The median 
survival time was 24 months in the early period, and 31 
months in the late period, respectively. The patients in the 
late period showed a better survival than those in the early 
period (P=0.174) (Figure 4a). However, when survival in 
each period was analyzed by presence or absence of the 
r-RHA, there were no significant differences between 
the r-RHA(-) group and the r-RHA(+) group in survival 
(P=0.585 in the early period and P=0.768 in the late period 
(Figure 4b). 

Of the 15 patients with tumor located in the uncinate 
process in the r-RHA group, one of three patients (33.3%) 
with adjacent tumor showed a positive resection margin, 
while 5 of 12 patients (41.7%) with distant tumor showed 
a positive resection margin (Figure 5).  

In the r-RHA(+) group, four patients underwent 
preoperative coil embolization and en bloc resection of the 
r-RHA during PD, because one patient had tumor adjacent 
to the r-RHA, and three patients had pancreatic head 
plexus invasion though the main tumor was not adjacent 
to the r-RHA on preoperative CT. Microscopically negative 
margins were identified in all four patients (Table 3). In two 
of three patients who had pancreatic head plexus invasion 
on preoperative CT, the histopathological examination 
showed that perineural invasion to the extrapancreatic 
nerve plexus was adjacent to the r-RHA that was resected 
by en bloc resection, even though the r-RHA was not 
adjacent to the main tumor. Hepatic abscesses and biliary 
anastomotic complications due to ischemia did not occur 
in these four patients.  

DISCUSSION
Previous studies reported that R1 resection was 

associated with poor overall survival [14, 15]. Though 
the presence of an r-RHA could present a difficult surgical 
situation, whether preservation of the r-RHA affects 
surgical margin status during PD still remains unclear. This 
study demonstrated that positive microscopic surgical 
margins were seen significantly more frequently in the 
r-RHA(+) group than in the r-RHA(-) group when tumor 

Figure 2. Resection margin status by tumor location. When tumor was located in the uncinate process, positive microscopic surgical margins were seen 
significantly more frequently in the r-RHA(+) group (6 of 15, 40%) than in the r-RHA(-) group (9 of 59, 15%) (P=0.048). However, when tumor was located 
in the dorsal pancreas, there was no significant difference in surgical margin status between the r-RHA(+) group (2 of 11, 18%) and the r-RHA(-) group (8 
of 32, 25%) (P=0.638).
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Figure 3. Kaplan-Meier curves for survival analysis according to presence/absence of r-RHA, tumor location, R0/R1 margins. (a). Curves comparing the 
r-RHA(-) group (solid) versus the r-RHA(+) group (broken). The median survival times were 26 months in the r-RHA(-) group and 32 months in the 
r-RHA(+) group (P=0.430). (b). Curves comparing the patients with tumor located in the dorsal pancreas (solid) versus the patients with tumor located in 
the uncinate process (broken). The overall survival of patients with tumor located in the dorsal pancreas (median survival time: 28 months) was similar 
to that of patients with tumor located in the uncinated process (median survival time: 27 months) (P=0.752). (c). Curves comparing the patients who 
underwent R0 resection (solid) versus the patients who underwent R1 resection (broken). The patients who underwent R0 resections had a significantly 
better overall survival than those who underwent R1 resections (median survival time: 31 months vs. 18 months, p=0.019).
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b

a

Figure 4. Kaplan-Meier curves for survival analysis according to the period. (a). Curves comparing the patients in the early period (solid) versus the late 
period (broken). The outcomes of the late period were improved versus those of the early period (P=0.174) (b). Curves comparing the r-RHA (-) group 
(solid) versus the r-RHA(+) group (broken) in each period. There were no significant differences between the r-RHA(-) group and the r-RHA(+) group in 
survival (P=0.585 in the early period and P=0.768 in the late period). 

Figure 5. A diagnostic and therapeutic flowchart of 117 patients with pancreatic ductal adenocarcinoma. Of the 15 patients with tumor located in the 
ventral pancreas domain in the r-RHA group, one of three patients with adjacent tumor shows a positive resection margin, while 5 of 12 patients with 
distant tumor show a positive resection margin.
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Age (y) Sex Time of
embolization Surgical margin Morbidity Status Follow-up

(months)
1 70 M 1 week before R0 - alive 36
2 73 M 3 weeks before R0 - alive 23
3 74 F 1 week before R0 - alive 20
4 80 M 1 week before R0 - alive 6

Table 3. Characteristics of patients who underwent preoperative embolization and en bloc resection of the replaced RHA

was located in the uncinate process, though there was 
no difference in surgical margin status between the two 
groups when tumor was located in the dorsal pancreas. 

One possible explanation could account for the fact that 
R1 resection rates increased in the r-RHA(+) group with 
the tumor located in the uncinate process. The head of the 
pancreas arises from two anlagen on an embryological 
basis [16]. The smaller ventral bud forms the caudal 
part of the head of the pancreas and uncinate process, 
whereas the cephalic part of the head of the pancreas, 
as well as the body and tail, are derived from the larger 
dorsal bud. The distribution of the ventral pancreas after 
fusion is the dorsal portion of the head containing the 
area surrounding the intrahepatic common bile duct and 
the uncinate process. There was a significant correlation 
between tumor location considering the two anlagen of 
the pancreas and the site of extra pancreatic nerve plexus 
invasion. Tumor located in the uncinate process tends 
to spread toward pancreatic head plexus 1 (PL ph1) and 
pancreatic head plexus 2 (PL ph2), while tumor located 
in the dorsal pancreas frequently spreads toward the 
common hepatic artery plexus and the plexus within the 
hepatoduodenal ligament. Therefore, in patients with 
tumor located in the uncinate process, radical dissection of 
the PL ph1 and PL ph2 should be performed. Considering 
that the r-RHA runs directly adjacent to and occasionally 
through these nerve plexuses, it is likely that the risk of 
positive surgical margins would increase by dissecting the 
r-RHA from these nerve plexuses into which carcinoma 
might infiltrate.

Some authors have insisted that the presence of 
the r-RHA itself does not affect R1 resection [4, 12, 17]. 
Jah et al. reported that the surgical and oncological 
outcomes of PD remained unaffected by the presence 
of the r-RHA provided that the anatomy was recognized 
and appropriately managed [17], which was similar to the 
present results for all patients, but they did not look at the 
pancreas domain. In our experience, though the presence 
of the r-RHA did not adversely affect surgical outcomes 
such as intraoperative blood loss, operative time, and 
morbidity, the rate of R1 resection was significantly higher 
with tumor located in the uncinate process than in the 
dorsal pancreas. On the other hand, Okada et al. insisted 
that the proximity of the pancreatic carcinoma to the 
r-RHA would be expected to yield a poor prognosis due 
to an increased R1 resection rate or invasion of the r-RHA 
[12]. Although the proximity of the tumor to the r-RHA 
certainly seems to be a risk factor for R1 resection, in the 
present study, histopathological examination showed that 
perineural invasion to the extrapancreatic nerve plexus 

was adjacent to the r-RHA in two of three patients who 
underwent en bloc resection of the r-RHA, even though 
the tumor seemed to be distant from the r-RHA. The fact 
that 5 of 12 patients with distant tumor showed positive 
resection margins also supports the hypothesis that the 
surgical margins can be positive by dissecting the r-RHA 
from the extrapancreatic nerve plexus due to perineural 
invasion of the PA even when the tumor is not abutting or 
adjacent to the r-RHA.

When extra pancreatic nerve plexus invasion is 
strongly suspected on preoperative CT in patients with 
tumor located in the uncinate process, preservation of 
the r-RHA might lead to R1 resection, which indicates 
that en bloc resection of the r-RHA should be considered. 
Although r-RHA ligation and reconstruction may be safe 
and feasible [18], several reports have suggested that 
preoperative embolization of the r-RHA to increase liver 
blood flow though the left hepatic artery can be useful 
[19, 20, 21]. The liver can tolerate considerable hepatic 
arterial embolization without serious complications 
because of the collateral pathways [22, 23, 24]. Therefore, 
some authors considered that preoperative embolization 
was unnecessary [2]. However, Mehdi et al. reported that 
hepatic ischemia was observed on CT performed 1 day 
after embolization, demonstrating the real existence of 
ischemia and it is easily presumed that morbidity such us 
cholangitis and biloma could occur under the conditions 
that liver ischemia exists after PD if the r-RHA would have 
been sacrificed without reconstruction [19]. Mimyamoto et 
al. also noted that a collateral pathway via the left and right 
gastric arteries was seen immediately after embolization, 
and, 10 days later, this collateral pathway was more 
clearly developed [21]. Preoperative embolization seems 
to be desirable considering that there are some risks of 
hepatic ischemia because the collateral pathway is usually 
narrow and it needs some time to develop. In the present 
study, embolization was performed 1-3 weeks before 
PD, and no ischemia-related complications occurred in 
the four patients who underwent en bloc resection of the 
r-RHA. However, there are still only a few cases of r-RHA 
embolization before PD reported in the literature. Further 
studies are needed to clarify the safety and usefulness of 
preoperative embolization. 

In the present study, histological examination 
confirmed R0 resections in all four patients with 
tumor located in the uncinate process that underwent 
preoperative embolization and en bloc resection of the 
r-RHA. On the other hand, in patients with preservation 
of the r-RHA, positive microscopic surgical margins were 
seen significantly more frequently in the r-RHA(+) group 
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than in the r-RHA(-) group when the tumor was located in 
the uncinate process. When extrapancreatic nerve plexus 
invasion is suspected, avoiding unnecessary dissection 
of the r-RHA from the extrapancreatic nerve plexus into 
which carcinoma may infiltrate might contribute to R0 
resection. 

Limitation of our study includes its retrospective 
design small sample size and its fairly long study period. 
Additional larger multi-institutional trials are needed to 
further validate outcomes in the patients with the r-RHA.

CONCLUSION
In conclusion, the results of the present study 

demonstrated that positive microscopic surgical margins 
were seen significantly more frequently in patients with 
the r-RHA who underwent r-RHA-preserving PD for PA 
when tumor was located in the uncinate process. Based 
on the spreading patterns of carcinoma via the extra 
pancreatic nerve plexus, it might be better to consider en 
bloc resection of the r-RHA to improve the R0 resection 
rate in the patients with tumor located in the uncinate 
process when extra pancreatic nerve plexus invasion is 
strongly suspected.
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