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Abstract An abberant right hepatic artery (aRHA) may be either an
accessory (accRHA) or entirely replaced right hepatic artery

Aims: Resection margin status impacts on survival after resection (rRHA) and is the most frequent aberrant anatomy encountered
of pancreatic adenocarcinoma. This study aims to assess the incidence
and association between aberrant hepatic arterial anatomy and

Table 1: Table outlining Michel’s and Hiatt’s Classification of aberrant

resection margin status. hepatic arterial anatomy along with their relative frequency of

Methodology: This is a retrospective cohort study of all patients occurrence.(LHA- - Left Hepatic Artery, LGA - Left Gastric Artery,
undergoing pancreaticoduodenectomy for pancreaticadenocarcinoma RHA - Right Hepatic Artery, SMA - Superior Mesenteric Artery, CHA -
between 2007 and 2012. Patient demographics, pathology data, and Common Hepatic Artery)
resection margin status (R) were analysed. Arterial anatomy based on Michel
contrast enhanced computed tomography as per Michels classification 1-c- € S Description Frequency (%)
was delineated. Classification

Results: Over 5-years, 148 pancreaticoduodenectomies were I Normal 55
performed of which.7.5 were fo.r adenoca.rcinoma. Fifty.—ni.ne patien.ts I Replaced LHA from LGA 10
(78.6%) had a positive resection margin (R1). Descriptive arterial
anatomy was available in 72 patients. Fifteen patients (21%) had I Replaced RHA from SMA 11
aberrant anatomy of the hepatic artery. The presence of aberrant
arterial anatomy did not have a statistically significant impact on v Replaced RHA + LHA L
the resection margin status (p=0.67) or involvement of the medial \4 Accessory LHA 8
(p=0.34), transection (p=0.22), or posterior (p=0.062) margins. RO
resections demonstrated improved overall survival (p=0.02). Vi Accessory RHA 7

VII Accessory RHA + LHA 1

Conclusion: An aberrant hepatic artery is a common finding
and should be identified on pre-operative imaging. Aberrant arterial Replaced RHA + Accessory LHA
anatomy did not impact on resection margin status. There may be a

. L . VIII or Replaced LHA + Accessory 2
trend towards posterior tumour margin involvement but this does not
affect outcomes in terms of survival. RHA
Key Words: Pancreaticoduodenectomy; Aberrant Hepatic Artery; X CHA from SMA 25
Resection Margin; Pancreatic Adenocarcinoma; Survival X CHA from LGA 0.5
Introduction Hiatts Classification
I Normal 75.7
Aberrant arterial anatomy is commonly encountered during I Replaced or A LHA 97
foregut surgery and is thought to occur due to persistence of the epracec or Accessoty '
vitelline vessels during embryological development [1]. Michel’s 11 Replaced or Accessory RHA 10.6
and Hiatt’s descriptions of aberrant hepatic arterial anatomy are Replaced or Accessory RHA +
the most widely referenced with a reported incidence of up to v Replaced or Accessory LHA 23
o ) - . .
41% (.Tablle 1) [2-4]. Rec9gn1tlon of ak.)errant arterial anatomy .1s v CHA from SMA 15
especially important during pancreaticoduodenectomy to avoid
VI CHA from aorta 0.2

vessel ligation or inadvertent injury during dissection.
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during resection of the head of the pancreas. Because of its
course it is the arterial anomaly which is most susceptible to
intraoperative injury or tumour involvement [5]. Other than
intraoperative haemorrhage, ligation or injury may cause
ischaemia to the liver, bile duct or the newly formed bilioenteric
anastomosis resulting in significant perioperative morbidity
[6]. Conversely, attempts to preserve the aberrant artery may
compromise complete oncological clearance and survival.right
hepatic artery (aRHA) may be either an accessory (accRHA) or
entirely replaced right hepatic artery (rRHA) and is the most
frequent aberrant anatomy encountered during resection of
the head of the pancreas. Because of its course it is the arterial
anomaly which is most susceptible to intraoperative injury or
tumour involvement [5]. Other than intraoperative haemorrhage,
ligation or injury may cause ischaemia to the liver, bile duct or the
newly formed bilioenteric anastomosis resulting in significant
perioperative morbidity [6]. Conversely, attempts to preserve the
aberrant artery may compromise complete oncological clearance
and survival.

The aim of this study was to analyse the frequency and variety
of aberrant hepatic arterial anatomy in patients undergoing
pancreaticoduodenectomy (PD) for pancreatic adenocarcinoma
and whether its presence had an impact on resection margin
status and survival.

Methods

Clinico-pathological data was collected for consecutive
patients undergoing pancreaticoduodenenctomy in a single
tertiary referral unit between January 2007 and December 2012.
Patient demographics, pre-operative imaging and survival data
were analysed. Operative reports and histopathology reports were
analysed with specific reference to T-stage, anatomy encountered,
resection margin status (R) and which resection margins were
involved. Patients with inoperable or metastatic disease were
excluded from the study. Only patients with adenocarcinoma
of the pancreas were included in this study. Neuroendocrine,
distal bile duct cholangiocarcinoma, periampullary and duodenal
tumours were excluded to obtain a more uniform pathology
data set. Arterial anatomy was defined by interrogating the
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preoperative arterial phase multiple detector computerised
tomography (MDCT) acquisition by a single consultant radiologist
(SL). The operation notes were reviewed to ascertain how the
aberrant vessels were managed intraoperatively. The arterial
anatomy was grouped into ‘standard anatomy’ and ‘aberrant
anatomy’ and classified as per Michels classification.

Statistical analysis was conducted using SPSS Analytic
Software (v. 22.0 SPSS Inc., Chicago IL, USA). Continuous variables
were compared using Mann-Whitney-U test. Categorical data was
compared using Chi-squared or Fishers exact test, as appropriate.
Long-term overall survival was taken from the date of surgery to
the date of death or the study end date (1% September 2013) and
compared using Kaplan-Meier curves. Statistical significance was
assessed using the log-rank test. A p-value of <0.05 was taken as
statistically significant.

Results

A total of 148 patients underwent pancreaticoduodenectomy
during the study period of which 75 were performed for
adenocarcinoma of the pancreatic head. Either pylorus preserving
pancreaticoduodenectomy (PPPD) or classical Whipples
resection was performed by four Consultant HPB surgeons. The
mean age was 65 years (range 39-84) with a male to female
ratio of 43:32. Diagnostic preoperative MDCT arterial phase
imaging was available for 72 patients. Fifteen of the 72 patients
(20.8%) were found to have aberrant hepatic arterial anatomy.
The remaining 57 patients had standard arterial anatomy. Both
groups displayed statistically similar characteristics in terms of
age, gender distribution, body mass index (BMI), co-morbidities,
T-stage, nodal status, perineural and perivascular invasion.
All but 13 patients received adjuvant chemotherapy; 3 in the
aberrant group and 10 in the normal group (Table 2).The most
commonly encountered variation was a replaced right hepatic
artery (rRHA) arising from the superior mesenteric artery (SMA)
(Michels type I1I) which accounted for 11 of the 15 patients with
aberrant anatomy and 12.5% of the whole study population.
Table 3 outlines the various vascular anomalies discovered in this
study group along with their relative prevalence.

Table 2: Table comparing the two groups in terms of patient characteristics, tumour characteristic and oncological outcomes of surgery
Normal anatomy group
Aberrant anatomy group (n=15) (n=57) P-value

Patient Characteristics

Mean age (SD) 66.6 (7.2) 65.2(9.2) 0.46

Males, n (%) 8(53) 33(57.8) 0.77

Mean BMI (SD) 24.8 (4.3) 25.5(4) 0.49

Adjuvant Treatment

Adjuvant Chemotherapy 10 (80%) 47 (82%) 0.94
Tumour Characteristics

>T1, n (%) 14 (93%) 56 (98%) 0.37
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N1, n (%) 13 (86%) 44 (77%) 0.72

Perineural Invasion, n (%) 12 (80%) 45 (78%) 0.98

Perivascular Invasion, n (%) 10 (66%) 27 (65%) 1.00
Oncological outcomes

RO resection, n (%) 2(13.3%) 11 (19.2%) 0.72

Mean Nodal yeild (SD) 16 (7.3) 15.4 (6.7) 0.9

Medial/SMV margin involved, n (%) 9 (60%) 28 (49%) 0.21

Transection margin involved, n (%) 4 (26.6%) 8 (14%) 0.43

Posterior margin involved, n, (%) 9 (60%) 17 (30%) 0.06

Table 3: Table showing the vascular anomalies encountered and their relative frequency as per Michels Classification (LHA- Left Hepatic Artery,
LGA - Left Gastric Artery, RHA - Right Hepatic Artery, SMA - Superior Mesenteric Artery, CHA - Common Hepatic Artery, acc - Accessory)

Michels Classification Description Frequency, n (% Prevalence)
I Normal 57 (79%)
I Replaced RHA from SMA 9 (12.5%)
\% Accessory LHA 2 (2.8%)
VIII Replaced RHA + accLHA or Replaced LHA and accRHA 2 (2.8%)
IX Replaced CHA from SMA 1(1.4%)
VII Accessory RHA and LHA 1(1.4%)

In 12 cases, the aberrant vessel was dissected and preserved.  resections was 26.8 and 16.8 months respectively (log-rank test,
In two cases, arRHA and anaccRHA was sacrificed due to their ~ P=0.024, Figure 2).
intraparenchymal course without perioperative consequence.
Both these patients obtained clear resection margins (RO
resection).In one case, the vessel was accidently injured during 100 —— Nomnal group
dissection of retropancreatic tissues and required primary repair. —= Aberrant group

In terms of oncological clearance, 13 patients (18%) had an
RO resection; 11 (19.2%) in the aberrant group and 2 (13.3%) in
the normal anatomy group. The relative frequency of RO resection
did not differ significantly between the two groups (p=0.72).
Nodal yield during resection also did not differ between the two 0 . . . . .
groups with an average nodal yield of 16 in the aberrant group 0 % mmtrs | 60 g g 100
and 15.4 in the normal group (p=0.90).0f the 59 patients with o e
involved margins, 27 (45%) had more than one resection margin Figure 1:Kaplan-Meier curve comparing overall survival in months of
involved. The relative frequency of multiple margin involvement patients with normal anatomy and those with aberrant hepatic arterial
did not differ between the aberrant group (8 of 13, 61.5%) and anatomy
the normal group (18 of 46, 39%) (p=0.21). The most commonly
involved resection margin was the medial SMV resection margin
(n=33, 46%) and the posterior resection margin (n=30, 42%). 100 1
When the individual resection margins were compared between
the two groups, there was a trend towards the posterior resection
margin being involved more often in the aberrant anatomy group
(60% vs. 30%) although this did not reach statistical significance
(p=0.062).

50 4
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Overall median survival was 20 months in the aberrant
anatomy group and 17.4 months for the normal anatomy group 0 0 20 20 60 80 100
with no statistically significant difference observed on log-rank mantha

test (P=0.84, figure 1). Resection margin status, however, did Figure 2:Kaplan-Meier curve comparing overall survival in months of
have an impact on survival where median survival for RO and R1 patients with RO resection and R1/R2 resection margins
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Discussion

For adenocarcinoma of the pancreatic head,
pancreaticoduodenectomy offers the only chance of cure.
Obtaining clear oncological resection margins is the key objective
as positive resection margins confer a poorer prognosis [7-
9]. The current study has shown that the presence of aberrant
arterial anatomy, in particular a replaced or accessory RHA, does
not impact on overall resection margin status and does not affect
overall survival.

Arising from the SMA, the most common course of anaRHA
is along the posterior aspect of the head of the pancreas to the
posterolateral border of the hepatoduodenal ligament (Figure 3).
Jah et al suggested the exact anatomical course of an aRHA can
be divided in three types with the most common (Type 1) taking
a posterior route, often within the posterior pancreatic capsule
[4]. Less frequently, an aRHA may course through the pancreatic
parenchyma (Type 2) or through the SMV groove behind the
neck of the pancreas (Type 3). The relatively high frequency of
posteriorly coursing vessels could explain why the posterior
resection margin was involved more frequently in the aberrant
group when compared to the normal group. To our knowledge,
this is the first study that has investigated whether an aRHA
increases the risk of a specific margin being involved. Although
there was a trend towards the posterior resection margin being
involved more frequently in the aberrant group, the difference
did not attain statistical significance and may be due to the small
patient numbers in this subgroup.

Figure 3:Axial MDCT image arterial phase showing a replaced right he-
patic artery (white arrow) arising from the superior mesenteric artery

In a large study of 790 PD’s Eshuis et al. found no difference
in overall surgical morbidity or surgical complications between
patients with an aRHA and those with normal anatomy. Nor
was there an impact on resection margin status, radicality of
cancer resection or overall survival in patients with all types of
malignancy [10]. This is supported by Jah et al who found that
although there was a trend towards increased intraoperative
blood loss and operating time in the aberrant group, this did
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not attain statistical significance [4]. Most studies to date have
concentrated on the intra- and post-operative implications of an
aRHA for all tumour types. The impact it has on respectability
specifically for adenocarcinoma of the pancreatic head, therefore,
remains uncertain. One recent Canadian study of 289 patients
with pancreatic adenocarcinoma found that an aRHA did not
increase the likely hood of a tumour being deemed unresectable
and reported very low rates of positive (R1) resections in both
aberrant and standard anatomy groups (10.8% versus 16%, p
= 0.4). They also observed no survival disadvantage in patients
with aberrant arterial anatomy [11]. Our study accords well with
these findings. The relative frequency and variety of aberrant
hepatic arterial anatomy observed in this study is similar to that
described by others where an aRHA was seen in 13.6%-20.8% of
patients undergoing PD [10-12].

The presence of an aRHA can provide several theoretical
challenges during surgery. Firstly, intraoperative blood loss due
to inadvertent injury, especially when encountered unexpectedly,
seems the most obvious. In a series of 143 aRHA, Eshuis et al.
described how 5 of the 143 vessels were either accidently ligated
or injured. Two of these were repaired primarily, and 1 was
reconstructed. Of the 5 patients, two had complications of post-
operative haemorrhage and intra abdominal abscess which may
have been related to the inadvertent vessel injury [10]. One of
the 40 aRHA studied by Kim et al. was injured requiring primary
repair and similarly 1 of 43 aRHA discovered by Rammohan et
al. was inadvertently ligated but did not result in liver ischaemia
[11,13].

Secondly, once the gastroduodenal artery (GDA) is ligated the
arterial supply to the bile duct is heavily reliant on branches of
the right hepatic artery which, if sacrificed, renders the proximal
common bile duct and therefore bilioenteric anastomosis
vulnerable to ischaemia with subsequent breakdown or
structuring [14,15]. Finally, attempts to preserve the vessel
while ensuring oncological clearance may damage the adventitia
increasing the risk of pseudoaneurysm formation and post-
operative haemorrhage especially in the setting of a pancreatic
fistula or intra-abdominal collections [10,16].

An aberrant hepatic artery can be dealt with safely by sacrifice,
avoidance, dissection or transection with vascular reconstruction.
Vessel size, tumour proximity and surgeon experience probably all
play arole in the decision making process. Whatever the decision,
this must follow sound oncological principals while maintaining
visceral perfusion. The use of intraoperative Doppler assessment
of hepatic flow has been utilised by several authors to aid this
decision making process [10, 13]. The vast majority of aRHA can
be dissected free and preserved without affecting oncological
outcomes, as was the case in our series where 80% of aRHA's
were preserved. In a series of 29 aRHA, Sulpice et al dissected free
and preserved 23 vessels, whereas 6 crossed into the tumour and
were either sacrificed (n=4) or reconstructed (n=2). Similarly,
vessel ligation was deemed necessary for oncological reasons in
only 8 of 143 aRHA studied by Eshuis et al. Although considered,
reconstruction was not performed. Primary end-to-end or end-
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to-side anastomosis with the GDA stump or splenic artery are
commonly techniques described in the literature [4, 5, 10, 13, 17].
Whereas Stauffer et al. describes using a PTFE jump graft to the
GDA in one case, and an interposition gonadal vein graft to the
GDA in another [16]. None of the patients in our study required
vascular reconstruction.

It is important that aberrant arterial anatomy be identified
pre-operatively in order to plan appropriate surgery and
minimise the risk of injury. It is also important to consider
that CT may not offer adequate sensitivity for diagnosing early
tumour involvement and surgeons should modify their surgical
approach in the presence of aberrant anatomy, possibly adopting
an ‘artery first’ approach. Dissecting the first 3cm of SMA and
early retropancreatic right-to-left approach will identify most
aberrant right hepatic arteries at which point the vessel can
be assessed for tumour involvement and resectability and the
need for vascular anastomosis. This was the standard surgical
approach in our series. In most instances, the aberrant vessel can
be safely preserved but techniques for vascular reconstruction
should be adopted if the vessel is of sufficient calibre and must be
resected for oncological purposes.

Concordant with other studies, this study has shown
that although an aRHA may increase the complexity of
pancreaticoduodenectomy, adequate preoperative consideration
and intraoperative awareness means its presence should not
affect the key objective of clear resection margins and therefore
should not impact on survival in patients with pancreatic
adenocarcinoma.

Conclusion

An aberrant right hepatic artery is commonly encountered
phenomenon occurring in 21% of our patients [2, 18]. It is,
therefore, an important pre-operative consideration in anyone
under going pancreaticoduodenectomy. Assessment of its
presence and tumour involvement on preoperative imaging
should be routinely undertaken as with other major vasculature
such as SMA, SMV, and Portal vein. MDCT utilising thin slices
performed in arterial-phase are sufficient enough to begin the
surgical planning process and has been shown to offer good
sensitivity for accurate detection of vascular anatomy [19].
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