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ORIGINAL ARTICLE

Incidence and Management of Arterial Anomalies in
Patients Undergoing Pancreaticoduodenectomy
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ABSTRACT

Context Pancreaticoduodenectomy entails ligation of vascular arcades arising from the celiac and superior mesenteric arteries.
These are known to have anatomical variations. Objective This study was aimed at analyzing the spectrum of arterial anomalies and
their clinical impact on the procedure itself. Patients The study includes 200 consecutive patients who underwent a
pancreaticoduodenectomy between September 2003 and May 2009 after excluding those having distant metastases or local
unresectability. Main outcome measures The records of the patients were studied to assess the incidence of arterial anomalies and
the operative complexities involved in a pancreaticoduodenectomy. Results Fifty-three patients (26.5%) had arterial anomalies. The
complexity of the surgery was determined by the course of these arteries. The mean duration of surgery was 420+32.0 minutes in
patients with arterial anomalies versus 370+£38.5 minutes in those with a normal arterial anatomy (P=0.005). Fifty-one out of 53
(96.2%) patients underwent pancreaticoduodenectomy with negative resection margins. The pancreaticoduodenectomy was
abandoned in two cases due to patient- and tumor-related factors. Conclusion During pancreaticoduodenectomy, arterial anomalies
can increase operative complexity but do not usually compromise the safety of the procedure or its oncological outcome.

INTRODUCTION

Pancreaticoduodenectomy (PD) is the standard surgical
procedure for periampullary and pancreatic cancers.
Ligation of the gastroduodenal artery and the
pancreaticoduodenal arcade is necessary for its
completion. The literature suggests that the normal
pattern of hepatic artery anatomy is observed in 55 to
79% of patients [1, 2, 3 4]. The majority of the
anomalous arteries originate from branches of either
the celiac or the superior mesenteric artery and they are
likely to have an abnormal course. These arterial
anomalies can usually be identified by routine
preoperative computed tomography scans but, in some
patients, they become obvious only during surgery.
Arterial anomalies assume importance as there is a
chance of inadvertently damaging them during the
procedure, compromising the vascular supply of the
liver. In addition there is the chance of oncological
compromise in an attempt to protect the anomalous or
replaced arteries. This study aims to analyze the
consequences that these anomalous arteries have on PD
itself.
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PATIENTS AND METHODS

The study included 200 consecutive patients who had
resectable disease and underwent a PD by a single
surgical team in a tertiary care centre. Detailed
information regarding these patients was maintained on
a prospective database. Demography and patient
characteristics were carefully recorded. Pancreatic
protocol contrast-enhanced computed tomography
(CECT) was used for the preoperative assessment of
resectability.

The details of the arterial anatomy, their variations,
especially the origin, course and relationship to the
pancreatic head, and the operative complexities during
the procedure were carefully recorded. Anatomy was
considered to be normal when the celiac axis
trifurcated into the left gastric artery, the splenic artery
and the common hepatic artery. The common hepatic
artery continued as a hepatic artery proper after giving
origin to the gastroduodenal artery and then bifurcated
into the right and left hepatic arteries. The right hepatic
artery arising from a source other than the hepatic
artery proper in the absence of a normally located right
hepatic artery was termed as a replaced right hepatic
artery. An accessory right hepatic artery was defined as
a right hepatic artery arising from a source other than
the hepatic artery proper in the presence of a normally
located right hepatic artery. A similar definition was
used for an accessory left hepatic artery and a replaced
left hepatic artery. Trifurcation anomaly was defined to
be the left hepatic artery, the right hepatic artery and
the gastroduodenal artery originating from the common
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Table 1. Clinicopathological parameters of the patients (No. 200).

Indications for pancreaticoduodenectomy
- Ampullary adenocarcinoma

- Carcinoma of the head of the pancreas

- Lower end cholangiocarcinoma

83 (41.5%)
47 (23.5%)
31 (15.5%)

- Duodenal carcinoma 15 (7.5%)
- Carcinoid 6 (3.0%)
- Gastrointestinal stromal tumor 3(1.5%)
- Others 15 (7.5%)

- Arterial anomalies 53 (26.5%)

Detection of anomalies
- Before surgery
- During surgery

38/53 (71.7%)
15/53 (28.3%)

hepatic artery without giving origin to the trunk of the
hepatic artery proper.

After removal of the specimen, the resection margins
were marked with ink. In cases where the abnormal
artery passed close to the tumor or the transection line,
the area in the specimen was marked intraoperatively
with silk suture. Apart from the arterial anomalies,
tumor size, duration of surgery, blood loss and
additional resections (arterial or venous resection and
reconstruction, multivisceral resection) were also
documented. The reason for not performing a PD was
recorded in particular when an arterial anomaly was
present. Confirmation of the diagnosis and the
resection margin status were recorded from the
histopathological report of the specimen. All
postoperative complications were recorded. Death
during the same hospital stay or within 30 days of
surgery was considered as operative mortality.

The endpoints of the study were to analyze the
incidences and the operative complexities due to these
abnormal arteries and to compare the patients having a
normal arterial anatomy with those patients who
underwent a PD.

ETHICS

Informed consent was obtained in all cases. The
protocol was in accordance with the declaration of
Helsinki and was approved by the institutional review
board.

Table 2. Spectrum of arterial anomalies during pancreatico-
duodenectomy (No. 200).

Anomalies Mitchel No. of
type [3] cases
Normal anatomy | 147 (73.5%)
Anomalous arterial anatomy 53 (26.5%)
- rRHA from SMA 1 29 (14.5%)
- aRHA from SMA v 6 (3.0%)
- aRHA from gastroduodenal artery v 3(1.5%)
- rCHA from SMA anterior to the 1X 1 (0.5%)
pancreas
- Trifurcation into GDA/RHA/LHA Not classified 3 (1.5%)
- rLHA from the left gastric artery 1l 8 (4.0%)
- aLHA from GDA \Y 2 (1.0%)

- Celiac artery stenosis Not classified 1 (0.5%)

aLHA: accessory left hepatic artery; aRHA: accessory right hepatic
artery; GDA: gastroduodenal artery; LHA: left hepatic artery; rCHA:
replaced common hepatic artery; RHA: right hepatic artery; rLHA:
replaced left hepatic artery; rRHA: replaced right hepatic artery;
SMA: superior mesenteric artery

STATISTICS

Data are reported as frequencies or meantSD and
ranges. The SPSS (version 17.0) software was used for
data analysis. The Student t test was used to test
significance for continuous variables and the Fisher’s
exact test was used for categorical variables. Two-
tailed P wvalues less than 0.05 were considered
significant.

RESULTS

Between September 2003 and May 2009, two hundred
consecutive patients were included in the study. There
were 148 (74.0%) males and 52 (26.0%) females with a
mean age of 53.6+11.8 years (age range: 18-80 years).
Pancreaticoduodenectomy was performed successfully
in 198 (99.0%) patients. In the majority of cases, the
indications were periampullary and pancreatic head
cancer (Table 1). There were 53 (26.5%) arterial
anomalies detected during the procedure. The spectrum
of arterial anomalies was as shown in Table 2. Thirty-
eight out of 53 (71.7%) anomalies were detected by
preoperative CECT and the remaining 15 (28.3%) were
found during the actual PD (Table 1). The course of
these abnormal arteries varied according to their origin.
All replaced right hepatic arteries or accessory right
hepatic arteries arising from the superior mesenteric
artery coursed posteriorly to the pancreatic parenchyma
close to the head and uncinate process and then right
posterolaterally to the common bile duct in the
hepatoduodenal ligament. An anomalous artery from
the gastroduodenal artery always looped down the
superior border of the pancreas behind the neck and
then coursed to the right or the left as a right or a left
accessory or replaced hepatic artery respectively.

Effect of Arterial Anomalies on the Technical
Aspects of the Surgery

Minimal difficulty during PD occurred in 11 (20.8%)
cases. Three patients had trifurcation anomalies and 8

Figure 1. CT angiogram showing a replaced right hepatic artery
arising from the superior mesenteric artery.

CHA: common hepatic artery; GDA: gastroduodenal artery; LGA:
left gastric artery; LHA: left hepatic artery; RHA: right hepatic
artery; SMA: superior mesenteric artery
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Figure 2. Replaced common hepatic artery (white arrow) coursing
anteriorly to the pancreas. Celiac artery (black arrow) not giving
origin to the common hepatic artery.

patients with replaced left hepatic arteries from the left
gastric artery. The anomalous artery was coursing
away from the field of transection. Pancreatico-
duodenectomy was performed in all of them. No
alteration or deviation of the procedure was necessary.

Difficulty in removing the uncinate process and
division of the common bile duct occurred in 35
(66.0%) cases. These were due to anomalous right
hepatic arteries (accessory or replaced; Figure 1)
arising from superior mesenteric artery. In one of these
patients, the PD was abandoned. This patient had a
replaced right hepatic artery arising from the superior
mesenteric artery, encased by a 5.5 cm tumor arising
from the head of the pancreas. Pancreatico-
duodenectomy was technically possible with arterial
reconstruction in this case, but it was abandoned due to
the risk of a positive resection margin.

Difficulty in transection at the neck of the pancreas
occurred in 6 (11.3%) patients. There were 5 patients
with anomalous arteries from the gastroduodenal artery
(3 with an accessory right hepatic artery and 2 with an
accessory left hepatic artery) and one patient with a
replaced common hepatic artery from the superior
mesenteric artery (Figure 2). Anomalous arteries from
the gastroduodenal artery were closely associated with
the posterosuperior surface at the level of the neck of
the pancreas. Apart from the danger of injuring these
arteries during pancreatic neck transection, there was
difficulty in the ligation and division of the
gastroduodenal artery and in creating a retropancreatic
tunnel from the supraduodenal side. The gastro-
duodenal artery had to be dissected carefully, well
below the origin of these abnormal arteries before it
could be safely ligated and divided. One case was
associated with an accessory left hepatic artery encased
by a tumor; a PD with arterial division was performed
without reconstruction as the test clamp of the
anomalous artery showed preserved left hepatic arterial
flow through the main left hepatic artery from the
hepatic artery proper, which was confirmed by
intraoperative Doppler ultrasound. In another patient,
there was a replaced common hepatic artery arising
from the superior mesenteric artery, coursing anteriorly

to the neck of the pancreas, associated with a 3 cm
mass in the head. The vessel was separated from the
tumor; it was looped using sharp dissection and the PD
was completed. The area in the specimen was marked
with silk sutures and histopathology reported it to be
negative for a tumor.

The risk of compromising the hepatic arterial supply
occurred in one (1.9%) patient. This 71-year-old
patient had celiac artery stenosis (Figure 3), associated
with a 6 cm mass in the head of the pancreas. The
patient was known to have coronary artery disease.
During surgery, it was found that the common hepatic
artery from the celiac axis was small in size and the
gastroduodenal artery was tortuous. A test clamp of the
gastroduodenal artery led to the cessation of the flow in
the right and left hepatic arteries. A prominent
pancreaticoduodenal arterial arcade from the superior
mesenteric artery was found coursing across the tumor
and supplied the hepatic arteries through the
gastroduodenal artery. All the major arteries (aorta,
superior mesenteric artery and celiac axis) showed
alterations due to atherosclerosis. The feasibility of PD
with negative margins was remote and gastroduodenal
artery reconstruction was not considered safe.
Although PD was possible with reconstruction of the
gastroduodenal artery, the procedure was abandoned
due to patient- and tumor-related factors.

Overall, in only 2 out of 53 (3.8%) patients with
arterial anomalies was the PD abandoned (one case of a
replaced right hepatic artery from the superior
mesenteric artery encased by the tumor and another
patient with celiac artery stenosis). The reason for
abandoning PD in these patients was related to the size
of the tumor (greater than 5 cm), the risk of positive
resection margins, the advanced age of the patient with
coronary artery disease and atherosclerosis, and was
not related to the abnormal artery itself.

Figure 3. Celiac artery stenosis (black arrow) with tortuous
pancreaticoduodenal arcade (white arrow). Atherosclerotic changes
in the major arteries.
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Comparison of Patients with and without Arterial
Anomalies

The mean blood loss in the group with arterial
anomalies was 450+54 mL (range: 270-630 mL) and in
those without arterial anomaly was 415+61 mL (range:
290-540 mL) (P<0.001). The patients with arterial
anomalies had a prolonged operating time. The mean
duration of surgery was 420+32 minutes (range: 300-
540 minutes) in patients with arterial anomaly versus
370+£38 minutes (range: 240-500 minutes) in those
without arterial anomalies (P=0.005). The mean
duration of surgery was 412+35 minutes (range: 315-
510 minutes) in the 38 patients who underwent PD
with preoperatively known arterial anomalies versus
420+44 minutes (range: 300-540 minutes) in those (no.
15) where the arterial anomalies were detected during
surgery (P=0.489).

The overall complication rate, mortality and length of
hospital stay were not significantly different between
the two groups (Table 3). Eleven (5.6%) out of 198 PD
specimens had positive resection margins (9
retroperitoneal margins defined as the rim of the
connective tissue being rich in lymphatics and nerve
plexus separating the uncinate process from the
superior mesenteric artery, and 2 common bile duct
margins). No patient with arterial anomalies had
positive resection margins.

DISCUSSION

Celiac and mesenteric axes are known for anatomical
variations. Knowledge of the hepatic arterial blood
supply is essential when planning a PD in order to
avoid unnecessary surgical complications. Almost all
anomalous arteries are known to have some variation
in their course. These arteries may lie close to the
tumor and can be damaged during the dissection or
tumor cell spillage may occur. Variations in hepatic
arterial anatomy are known to range from 21 to 45%
[1, 2, 3, 4]. In our experience, the incidence of arterial
anomalies was 26.5%. The limitation of our study is
that the reported incidences of arterial anomalies may
not be a true representation of anomalies in general as
we did not routinely perform a preoperative CT
angiogram or selective mesenteric angiography;

Table 3. Comparison of patients with or without arterial anomalies (No. 200).

however, the overall spectrum of our arterial anomalies
matches well with a recent report [5].

Anomalous right hepatic artery is reported to be the
most common arterial anomaly encountered during PD
[5]. Our study suggests that 35 (66.0%) of all arterial
anomalies were anomalous right hepatic arteries of
which the majority were replaced right hepatic arteries
arising from the superior mesenteric artery. These
arteries lie close to the uncinate process and course
posterolaterally to the hepatoduodenal ligament. It is
necessary to identify them routinely before proceeding
to resection of the pancreatic head and the uncinate
process and also when the common bile duct is
dissected and divided. The presence of these anomalies
adds to the operative complexities, although this
finding was not supported by a recent report by Jah et
al. [6] which showed that the presence of aberrant right
hepatic arteries was not associated with a significant
increase in operative complexities but was a trend
towards a prolonged operating time; more
intraoperative blood loss was noted in patients with
aberrant right arteries undergoing PD. We were able to
perform PD in all of them except in one case where the
artery was encased by the large tumor and the
procedure was abandoned due to the tumor-related
factors rather than due to the presence of the
anomalous artery itself.

A replaced common hepatic artery from the superior
mesenteric artery represents the variation commonly
known as hepatomesenteric trunk [3, 7]. The replaced
common hepatic artery may ascend along the ventral
side of the pancreas (as in our series), between the
pancreas and the portal vein, behind the portal vein or
through the head of the pancreas. A PD preserving
these arteries in patients with ampullary cancer is
reported to be safe [8]. We managed to preserve the
artery while performing a PD by separating and
isolating it away from the tumor. This was possible due
to the small size of the tumor and no gross involvement
of the anomalous artery. There is a risk of tumor cell
spillage while coring the anomalous artery out of the
pancreatic capsule and the possibility of the transection
line deviating to the right side while dividing the neck
of the pancreas, leading to positive pancreatic resection
margins [9, 10, 11]. Other possible options are either to

Variables Patients with arterial anomalies (No. 53)  Patients without arterial anomalies (No. 147) P value
Overall complications 16 (30.2%) 43 (29.3%) 1.000°
- Pancreatic fistula 5 (9.4%) 12 (8.2%) 0.777°
- Delayed gastric emptying 3 (5.7%) 11 (7.5%) 0.764°
- Wound infection 3 (5.7%) 6 (4.1%) 0.702°
- Bile leak 1 (1.9%) 4 (2.7%) 1.000°
- Intestinal fistula 1 (1.9%) 2 (1.4%) 1.000°
- Abdominal bleed 1(1.9%) 2 (1.4%) 1.000°
- Others 1 (1.9%) 3(2.0%) 1.000°
- Mortality 1 (1.9%) 3 (2.0%) 1.000°
Duration of surgery® (minutes) 414+37 (300-540) 370+38 (240-500) <0.001°¢
Operative blood loss® (mL) 450+54 (270-630) 415461 (290-540) <0.001°¢
Length of hospital stay® (days) 10.6+6.0 (4-27) 9.945.1 (4-26) 0.462°

® meanxSD (range)
® Fisher’s exact test; ¢ Student t test
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sacrifice the artery or to reconstruct it in order to
complete the procedure. Ligation of a replaced
common hepatic artery can cause liver necrosis as
these anomalous arteries are usually end arteries [12].
However, surgical experience with biliary tract
malignancy shows that the right branch of the hepatic
artery can be safely ligated without reconstruction
provided the collateral arteries in the Glissonian sheath
around the hepatic duct confluence are preserved [13].
Transient ischemic liver damage without serious
postoperative complications has been reported when
the PD was performed, ligating the replaced common
hepatic artery without reconstruction [8] but experience
is limited to a small number of patients. Reconstruction
using an autologous vein or Gore-Tex interposition
grafts is a reasonable option in these circumstances but
it is reported to be associated with an inherent risk of
potentially fatal postoperative bleeding if a pancreatic
fistula develops [14, 15, 16, 17].

In the case of celiac artery stenosis, division of the
gastroduodenal artery poses an ischemic threat to the
liver and biliary reconstruction. Such anomalies are
found in 1 to 3% of PDs [18]. Celiac artery stenosis in
the majority of patients is associated with
atherosclerotic narrowing and adequate collateral
arteries may coexist in up to 80% of cases [19, 20].
Ligation of the gastroduodenal artery is tolerated in
such a situation as the hepatopetal arterial flow is
preserved due to the alternate collateral pathways and a
PD <can be performed successfully without
reconstruction as reported by Trede [18]. However, if
the collaterals are inadequate, arterial reconstruction is
needed [21]. Test occlusion of the gastroduodenal
artery with diminished pulsation in the hepatic artery,
as recommended by Bull et al. [22] is a reasonable
guide to ligate or to reconstruct the gastroduodenal
artery during a PD. Other possible options to deal with
celiac artery stenosis are preoperative endovascular
stents [23, 24, 25], balloon dilatation [26], release of
median arcuate ligaments [22] and intraoperative
revascularization [21, 27, 28]. A gastroduodenal artery-
preserving PD has been described [29], particularly in
benign conditions such as chronic pancreatitis [21], but
it has limited application in pancreatic and
periampullary malignancies because this could
compromise the resection margins.

The overall postoperative complication after PD did
not attain a statistically significant difference except for
the duration of surgery in patients with or without
arterial anomaly in our study, which is well supported
by a recent report by Jah et al. [6]. However, the author
in this study showed no statistical difference in
operating time, but a trend towards a prolonged
operating time was noted in patients undergoing a PD
with arterial anomaly. The incidence of postoperative
complications, operating time and blood loss reported
in the current study is similar to what has been reported
in another recent report by Yang et al. [5].

Arterial anomalies encountered during a PD are
common. There is a need to identify them routinely and

prevent inadvertent damage. Their presence can
increase the operative complexity as reflected by the
longer duration of the surgery. Interestingly, the
duration of the surgery did not differ significantly
between those patients whose arterial anomalies could
be detected preoperatively and those which were
detected intraoperatively.
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