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ABSTRACT
Introduction: The anatomical variants of the hepatic artery
may have important implications for pancreatic cancer surgery.
The aim of our study is to compare the outcome following a
pancreatoduodenectomy (PD) in patients with or without a variant
hepatic artery arising from superior mesenteric artery.
Material and methods: We reviewed 151 patients with
periampullary tumoral pathology. All patients underwent oncological
PD between January 2005 and February 2012. Our series was
divided into two groups: Group A: Patients with a hepatic artery
arising from superior mesenteric artery; and Group B: Patients
without a hepatic artery arising from superior mesenteric artery. We
expressed the results as mean ± standard deviation for continuous
variables and percentages for qualitative variables. Statistical tests
were considered significant if p < 0.05.
Results: We identified 11 patients with a hepatic artery
arising from superior mesenteric artery (7.3%). The most frequent
variant was an aberrant right hepatic artery (n = 7), following by
the accessory right hepatic artery (n = 2) and the common hepatic
artery trunk arising from the superior mesenteric artery (n = 2).
In 73% of cases the diagnosis of the variant was intraoperative.
R0 resection was performed in all patients with a hepatic artery
arising from superior mesenteric artery. There were no signiﬁcant
differences in the tumor resection margins and the incidence of
postoperative complications.
Conclusion: Oncological PD is feasible by the presence
of a hepatic artery arising from superior mesenteric artery. The
complexity of having it does not seem to influence in tumor
resection margins, complications and survival.
Key words: Pancreatic cancer. Pancreatoduodenectomy.
Aberrant hepatic artery. Accessory hepatic artery.

INTRODUCTION
Anatomic abnormalities of the hepatic artery are common in the general population. Its prevalence ranges from

25-45% (1-4). The most frequent arterial variant is the
aberrant right hepatic artery arising from the superior
mesenteric artery (SMA) followed by aberrant left hepatic artery originated from the left gastric artery (1). The
presence of a right hepatic artery (RHA) branch from
SMA during pancreatic cancer surgery may have important implications. First, RHA branch from SMA has high
chances of being encompassed by cephalo-pancreatic
tumors (5). During surgery it is possible to injury a hepatic artery arising from SMA or otherwise may compromise
the R0 resection in an attempt to preserve it. Thus, their
presence may involve longer operative time and, consequently, increased postoperative morbidity and mortality.
However, the potential impact of a hepatic artery (HA)
arising from SMA in pancreaticoduodenectomy (PD) is
not well known. The main objective of this study is to
analyze the frequency of anatomical variants in our area
and to assess the surgical and oncological implications in
the presence of a HA arising from SMA during oncological
PD by means comparing the postoperative morbidity and
mortality.
MATERIAL AND METHODS
Descriptive and analytical observational study where we retrospectively analyzed 263 cases who underwent pancreatic surgery at the
Hospital Universitario “Virgen del Rocío” (Seville, Spain) from January 2005 to February 2012. To avoid bias we have established these
criteria; patients diagnosed of periampullary malignancy (ampulloma,
adenocarcinoma of the pancreas or duodenum, neuroendocrine tumors
and distal cholangiocarcinomas) that undergone an oncologic PD or
total pancreatectomy. We excluded non-neoplasic cases and non-periampullary tumors. Non resectable cases also were excluded.

Received: 22-01-2015
Accepted: 21-03-2015
Correspondence: Mercedes Rubio-Manzanares-Dorado. HBP Surgery and
Liver Transplantation Unit. General and Digestive Surgery. Hospital Universitario Virgen del Rocío. Av Manuel Siurot, s/n. 41013 Sevilla, Spain
e-mail: mercedesrmd@gmail.com

Rubio-Manzanares-Dorado M, Marín-Gómez LM, Aparicio-Sánchez D, SuárezArtacho G, Bellido C, Álamo JM, Serrano-Díaz-Canedo J, Padillo-Ruiz FJ,
Gómez-Bravo MA. Implication of the presence of a variant hepatic artery
during the Whipple procedure. Rev Esp Enferm Dig 2015;107:417-422.

418

M. RUBIO-MANZANARES-DORADO ET AL.

We divided the series into 2 groups based on the finding or not of
a HA arising from SMA during the perioperative period (diagnosed
by preoperative imaging test or during surgery). Group A included pancreatic resections with HA arising from SMA and group B
included patients with hepatic vascular anatomy unchanged.
Hepatic arterial variants can be defined as aberrant or accessory.
Aberrant right hepatic artery is defined as a unique right hepatic
artery originating from SMA (5). When the right hepatic lobe is
irrigated by two arteries, one right hepatic arising from the hepatic
artery and another right hepatic artery from SMA, we say that the
latter is an accessory right hepatic artery (5) (Fig. 1). For preoperative study, we used ultrasound + abdominal angio-CT or ultrasound
+ abdominal angio-CT + abdominal MRI. They were performed by
two radiologists dedicated exclusively to abdominopelvic digestive
pathology on their daily medical activity. We did not use mesenteric
trunk arteriography.
We valued the specificity and sensitivity of radiological tests
for the preoperative diagnosis of arterial anatomic variants through
the tools provided on the web “www.imim.es/ofertadeserveis/softward-public/granmo/”.
The preoperative variables were age, gender, anesthetic risk
(according to the American Society of Anesthesiologists) (6) and
the radiological diagnosis of RHA arising from SMA by angio-CT/
MRI (yes/no). The intraoperative variables were operating time,
the number of red blood packed cells transfused during surgery
and intraoperative detection of RHA arising from SMA. Finally,
postoperative variables were hospital stay, mortality, postoperative
morbidity, resection type (R0, R1 or R2) and the existence of positive nodes in the surgical specimen. Operating time was defined as
time (minutes) quantified, between the beginning of the skin incision
until the end of closing. To evaluate postoperative morbidity, we use
Clavien-Dindo classification (7) (Table I). Regarding the type of
resection, we used the criteria of the American Joint Commission on
Cancer Staging Manual (6th edition) once performed the pathological
anatomical study (8). We considered R0 the absence of tumor cells in
all resection margins; R1 if tumor cells were detected less than 1 mm
from the resection margin; R2 if there were evidence of macroscopic
tumor (9). Tumor resection margins studied were: Section of the
distal bile duct, retroportal plane and the edge of pancreatic section.
In all cases a sheet of 3 mm from the pancreatic remnant was sent
intraoperatively before doing the pancreato-jejunal anastomoses.
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Fig. 1. Accessory right hepatic artery.

We have got highly standardized the different steps of the oncologic PD. Through a wide Kocher maneuver we expose the SMA
origin and confirm the absence of tumor infiltration. To identify the
presence of a RHA arising from SMA, we systematically palpate
the free edge of the hepatoduodenal ligament. At this level, it runs
postero-lateral to the common hepatic duct, where the pulse of the
accessory artery is felt. Likewise, we meticulously dissected the
main biliary duct to prevent inadvertent ligation of the RHA arising
from SMA. As part of lymphadenectomy, we proceed to the disection of the portal vein and common hepatic artery. RHA should
be released to its origin in the SMA. The digestive continuity was
rebuilt by means a Roux-en-Y loop in all patients underwent PD
with reconstruction. We used a two layers for pancrato-jejuno anastomoses: Ducto-mucosa with loose point of Maxon loop 5/0 and a
second sero- serous layer with a continuous suture (Prolene 4/0).
Patients were followed for our service for 5 years from the surgery.
We performed an abdominal CT scan every 6 months for the first

Table I. Dindo-Clavien classification for postoperative complications (7)
Grade

Definition

I

Any deviation from a normal postoperative course without the need for pharmacological, surgical, endoscopic or radiological
interventions treatment. Allows treatment with antipyretics antiemetics, analgesics, diuretics, electrolytes and physiotherapy

II

Requirement treatment with drugs other than those in grade I. Blood transfusions and total parenteral nutrition are also included

III

Require surgical, endoscopic or radiological intervention
IIIa Interventions that do not require general anesthesia
IIIb Intervention under general anesthesia

IV

Life-threading complication requiring critical care management

IVa Dysfunction of a single organ
IVb Multiorgan dysfunction
V

Death of the patient
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two years and each year after the third year. Once this period over,
patients were discharged from our office.
Statistical analysis was performed with SPSS version 15.0 software
for Windows. We valued if the variable was normally distributed by
Kolmorogov-Smirnov test. Continuous variables were expressed as
mean ± SD. Categorical variables were expressed as percentages. Statistical significance was calculated using the Chi-square test, Fisher
exact test and t-Student or U-Mann Whitney test. “p” value less than
0.05 was used to indicate statistical significance.

263 pancreatic surgeries
35 distal
pancreatectomies
228 pancreatoduodenectomies
(PD)
47 no oncological PD

RESULTS
Of 263 cases undergoing pancreatic surgery at the
Hospital Universitario “Virgen del Rocío” from January
2005 to February 2012, 47 cases were non-oncological
pancreatic surgery, 30 were non-resectable and 35 underwent distal pancreatectomy cancer. A total of 151 patients
underwent an oncological PD during the period between
January 2005 and February 2012 (Fig. 2). We diagnosed
11 patients (7.2%) with HA arising from SMA. Of these,
7 cases had got an aberrant RHA, 2 cases an accessory
RHA and in two patients a common hepatic artery arising
from SMA. Preoperative and demographic data of groups
A and B are shown in table II.
Preoperative radiological diagnosis of arterial variant
was done only in 3 cases (27%), 2 by CT and 1 by MRI.
Remaining cases were identified during surgical dissection.
Sensitivity (S) and specificity (E) of ultrasound + abdominal angio-CT association for detecting a variation in the
preoperative study provided a S = 33% and E = 100%.
Moreover, the association of ultrasound + angio-CT+ MRI
reported an S = 20% and E = 100% (Table III).
In 10 of 11 cases, variant artery arising from the SMA
followed a posterior trajectory behind pancreas head
and postero-lateral trajectory to portal trunk without
being infiltrated by the tumor. In one case, the aberrant
RHA was infiltrated by the tumor. It was necessary to
do a resection with anastomose to remove the tumor.
In-block resection with the head of the pancreas was
performed. Aberrant RHA was sutured to the stump of
gastroduodenal artery. There was no case of involuntary
vessel injury during surgery.
The presence of a HA arising from SMA does not seem
to influence in surgery duration or intraoperative transfusions. We have not observed significant differences
between groups. Neither it appears to increased morbidity
nor postoperative stay (p = 0.17). From oncological point
of view, histological distribution of resected tumors, tumor
resection margins and presence of positive nodes did not
shown significant differences.
It is remarcable that R0 resection was obtained in all
patients in group A (0% with positive margins). We detected 17% of positive margin in group B. All affected margins
corresponding to the retroportal sheet. Within the group
A we have registered 5 deaths. In 4 cases was due to the
progression of the tumor disease and in one case the patient
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181 pancreatoduodenectomies
30 unresectables
151 pancreatoduodenectomies

HA arising from SMA
Group A

Regular arterial anatomy
Group B

11 patients

140 patients

Fig. 2. Flowchart.

died in the immediate postoperative period (first 30 postoperative days) due to thrombosis of mesenteric vein.
DISCUSSION
Hepatic arterial variants are common in the general
population. For this reason, the pancreatic surgeon should
have an extensive knowledge of hepatic arterial anatomy
Table II. Comparison of preoperative variables; group A (HA
arising from the SMA) vs. group B
Group A
Group B
(HA arising SMA) (no HA arising SMA)
n
Gender (%); M/F
Age
Tumor (%); P/BD

11

p

140

45/55

61/39

0.353

52.3 ± 21.8

63.1 ± 13.1

0.05

73/27

88/12

0.001

2.1 ± 0.5

2.6 ± 0.6

0.013

ERCP (%)

18

20

1.000

THC (%)

36

43

0.517

ASA

HA arising from the SMA: Hepatic artery arising from the superior mesenteric
artery; M: Male; F: Female; P: Pancreas; BD: Bile ducts; ASA: Anesthetic risk
(American Society of Anesthesiologists); ERCP: Endoscopic retrograde cholangiopancreatography; THC: Transhepatic cholangiography.
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Table III. Comparison of radiological test (Eco-CT/
Eco-CT-NMR) for preoperative diagnosis of a hepatic
artery arising from the superior mesenteric artery vs.
intraoperative detection (gold standard)
Variant Yes

Variant No

Eco-CT +

2

0

2

Eco-CT -

4

72

76

6

72

78

S: 33%, E: 100%, PPV: 100%, PNV: 94%

Eco-CT-NMR +

1

0

2

Eco-CT-NMR -

4

61

65

5

61

66

S: 20%, E: 100%, PPV: 100%, PVN: 94%
*ECO-CT+/- or ECO-CT-NMR +/- Anatomic variant observed or not in an image
test. Variant Yes/No intraoperative detection considered the gold standard.

and its possible variants. It is estimated that up to 41%
of the population may have some variant hepatic artery
(11,12). The main abnormality found in the literature is the
right hepatic artery arising from the superior mesenteric
artery, whose incidence is between 13 to 26% (11,13). In
our series, the distribution of the variant has been of 7
aberrant RHA, 2 accessory RHA, and 2 common HA arising from SMA. This implies an overall variant prevalence
of 7.2%, somewhat lower than the percentage observed in
the literature (5). The term “accessory” is used when the
variant coexisting with the normal anatomy. In its absence,
the variant is called “aberrant”.
Classically, the presence of an arterial variant could be a
contraindication for surgery (12). Nowadays, we know that
oncologic surgery of the head of the pancreas is feasible in
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the presence of a variant hepatic artery (5). Arterial variant
involves a technical difficulty that may determine a more
conservative resection of the pancreas, especially for retropancreatic plane and lead an inadequate removal of the
tumor (9). By contrast, a more aggressive surgery that tries
to keep this variant may increase the operating time, greater blood loss postoperative morbidity. There are few studies that support these theories. Although in the study by Jha
et al. (5) there is a slight tendency toward increased blood
loss and longer operative time in the RHA variant group,
there were not statistical significance. In agreement with
the published literature, we have observed a slight increase
in operating time in the group A. No statistical significance
was observed. We have neither observed difference in the
number of intraoperative transfused red blood packed
cells. According to Jah et al. (5), the incidence of vascular
injuries described during PD is probably higher than the
reported 3%. The great variability of this anatomical area
contributes to vascular lesions. If we add an inflammatory
process like a pancreatitis or a peritumoral desmoplastic
reaction, the likelihood of vascular injury increases.
Currently, the use of angio-CT to study the relationship between the tumor site and mesenteric axis (14,15) is
recommended. However, in our experience, arterial phase
CT only showed the presence of a variant in 27% of cases.
Despite which, there was no case of inadvertent arterial
variant injuries.
In our series, the presence of a variant hepatic artery
appears to have no impact on the radicality of tumor resection. All group A patients had a surgery with a complete R0
resection. A careful technique performed by expert hands
may be sufficient to prevent inadvertent injury. Therefore,
if the variant presents an intraparenchymal course or is

Table IV. Comparison of intra- and postoperative variables between group A and group B
Group A

Group B

p

Operating time (min)

321 ± 70

324 ± 69

0.898

PRBC transfused (Units)

0.4 ± 0.9

0.7 ± 1.3

0.631

Hospitalary stay (days)

14 ± 3.8

22 ± 16

0.178

Histology (%)
ADCP
CCC
Ampulloma
Others

5 (46)
2 (18)
2 (18)
2 (18)

67 (46)
23 (16)
34 (24)
20 (14)

Positive nodes (%)

5 (46)

66 (46)

Node+/Node removed

3/10

4/12

0

24 (17)

0.115*

10 (91)
1 (9)

114 (79)
30 (21)

0.690*

0

29 (21)

0.124*

Positive margins (%)
Clavien (%)
1, 2, 3a y 3b
4a, 4b y 5
Re-operation < 30 d (%)

0.858

0.921

PRBC: Packed red blood cells; PA: Pancreas adenocarcinoma; CCC: Cholangiocarcinoma. Node+/Node removed: Ratio of positive lymph nodes and lymph nodes isolated
in the surgical specimen. *Calculation of statistical significance using Fisher’s exact test.
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infiltrated by the tumor, it may be necessary to perform an
arterial resection and later revascularization (10). Although
no significant differences were found between the two
groups, it is remarkable that 17% in group B showed positive margins versus 0% in patients with hepatic arterial
variant. Probably the presence of a RHA influenced in
making a more radical and meticulous resection of the
retropancreatic margin.
According to Jah et al. (5) variant of the right hepatic
artery may have three different courses in relation to the
head of the pancreas, which may have important consequences for pancreaticoduodenectomy (5).
The implications of the loss of hepatic arterial flow are
well known in liver transplantation (4). However, in the
context of a PD are not so clear. Although we have not
identified any inadvertent section of the variants in our
study, there are some case-series that reported compatible
findings with hepatic necrosis or ischemia of the hepato-jejunal anastomosis (16-18). In the context of PD, the
iatrogenic injury of a RHA may pose a risk that leads to
a biliary fistula secondary to an ischemic hepato-jejunal
anastomoses ischemia, despite the existence of a hiliar vascularization. Some authors refer bile duct ischemia after
ligation of the common hepatic artery (19). The revascularization is essential if there is a commitment aberrant
right hepatic artery, aberrant common hepatic artery or an
accessory RHA with a high flow to the right lobe. In a
patient with jaundice, preservation of adequate vascularity
may still be mandatory. An improper vascularization may
delay the restoration of liver function. Different authors
recommend arterial reconstruction in case of tumor infiltration or in cases where the intraparenchymal course not
ensure an R0 resection (5,10,20,21). There are many arterial reconstructive techniques for the RHA after section.
Some reports describe techniques with the interposition of
a vein or prosthetic graft (22,23).The prosthetic material
has the disadvantage of being inserted into a field that is
not completely sterile after performing the corresponding
anastomoses of the PD. On the other hand, both grafts
required to perform two anastomoses. The technique of
transposition of the gastroduodenal artery described above,
eliminates the need for grafts or prosthesis, providing an
adequate blood flow with an artery with a similar size and
a single anastomose, allowing the surgeon to achieve adequate tumor resection margin in a population with a unique
features.
As conclusion, oncologic pancreatic surgery in presence
of a variant hepatic artery is feasible. Anatomical variant
diagnosis is mainly done during surgery. CT and MRI have
low sensitivity for detection of arterial anomalies; however in hands of surgeons with extensive experience, the
complexity of having a variant hepatic artery, not seem to
influence in tumor resection margins, postoperative complications or survival.
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