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Surgical and oncological implications of aberrant arterial anatomy in patients
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Abstract
Whipple's pancreatoduodenectomy is a complex surgical

procedure and any aberrant arterial anatomy may have

serious surgical implications. The objective of our study

was to analyse the frequency of aberrant hepatic artery

and compare the outcomes in patients with normal

anatomy. Clinical data and computed tomography scans

of 45 consecutive patients who underwent Whipple's

procedure from 2007 to 2016 were reviewed. Group 'A'

included patients with aberrant hepatic artery while group

'B' with normal anatomy. Aberrant hepatic artery was

present in 11 (24%) patients and type V was the most

common variant (n=5, 45%). Morbidity rate in group A

was 82% and group B was 62% (p= 0.288), while 30-day

mortality rate was 18% and 9% respectively (p=0.582).

There was no difference in the oncological clearance in

both the groups. Aberrant hepatic artery does not seem

to influence the morbidity, mortality and tumour resection

margins in patients undergoing Whipple's procedure.
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Introduction
The incidence of hepatic arterial anomalies has been

reported from 20% to 40% in patients who underwent

pancreatoduodenectomy (PD), which adds to the difficulty

of an already technically challenging procedure.1 The

variation in the hepatic artery anatomy was first described

by Michels2 in 1966, which was further updated by Hiatt

et al in 1994.3 The most frequent arterial variant is the

aberrant right hepatic artery (RHA) arising from the

superior mesenteric artery (SMA), followed by aberrant

left hepatic artery originated from left gastric artery.4

Replaced or accessory right hepatic artery from SMA is of

great concern during pancreatoduodenectomy because

the anomalous vessel can course near or through

pancreatic head and posterior to common bile duct.5

Similarly, a less common variant in which common hepatic

artery arises from superior mesenteric artery can also

impede dissection of pancreatic head, common bile duct

and gastroduodenal artery  (GDA) during PD.

The presence of accessory or replaced RHA from SMA may

have serious surgical implications. RHA from SMA has high

chances of being encompassed by cephalo-pancreatic

tumours.6 During surgery hepatic artery arising from SMA

may be inadvertently injured, leading to bile duct

ischaemia resulting in compromised biliary enteric

anastomosis since the major supply of common bile duct

is from RHA. On the other hand, an attempt to preserve

such arterial supply may compromise the R0 resection of

the tumour leading to a positive margin of resection with

negative influence on the oncological outcomes. Thus,

presence of such anomalous anatomy may prolong the

operative time and increase postoperative morbidity and

mortality.

Aberrant arterial anatomy can be picked up on

preoperative scans, however, the sensitivity and specificity

of vascular involvement in pancreatic tumours is 60% and

94% only.7 The surgical technique may be planned

beforehand but the definitive procedure may only be

executed at the time of the surgical procedure.

The objective of our study was to analyze the frequency

of anatomical variants of hepatic artery in patients who

underwent PD at our hospital and to assess the surgical

and oncological implications by comparing postoperative

morbidity and mortality with those who had normal

anatomy.

Methods
We conducted a retrospective review of the clinical data

and computerized tomography scans (CT) of patients who

underwent PD at Aga Khan University Hospital, Karachi,

Pakistan from January 2007 to December 2016 after taking

approval from institutional ethical review committee. Data

collection was carried out in the month of November and
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December 2017. All preoperative CT scans were reviewed

by a consultant radiologist for any variation in hepatic

artery anatomy and classified according to Hiatt's

classification.3 Patients were divided into two groups

depending upon the arterial anatomy. Group 'A' included

patients who had anomalous arterial anatomy and group

B included patients with normal anatomy based on the

preoperative CT findings.

The data were collected on several variables of clinical

significance. The preoperative variables included age,

gender and ASA level according to American society of

Anaesthesiologists. Intraoperative variables like operating

time, estimated blood loss, number of red blood packed

cell transfusions and intraoperative detections of RHA

arising from SMA. Postoperative variables included length

of hospital stay, morbidity according to Clavien-Dindo

classification,8 mortality and resection type. Resection

margin was classified as R0 in the absence of tumour cells

in the resection margins, R1 when tumour cells were

detected less than 1mm from resection margin

microscopically and R2 in the presence of macroscopic

tumour.

Statistical analysis was done using SPSS version 19.

Continuous variables were expressed as means and

standard deviations. Categorical variables were expressed

as counts and percentages. Statistical significance was

calculated using Chi-square test, Fisher exact test and

Student-t test where appropriate. "P" valve less than 0.05

were considered significant.

Results
Based on the availability of complete data set, a total of

45 patients were included in the study. Aberrant hepatic

artery was present in 11 (24%) patients with type V being

the most common. There was no difference in the age,

gender distribution and ASA level of patients in the two

groups, as shown in in table 1. Mean operating time (459

vs. 451 minutes) and estimated blood loss (922 vs. 705

ml) were higher in group A, but the results were not

statistically significant. Number of packed red blood cells

transfusions were significantly higher in group A (p <

0.025), as shown in table 2.

Overall morbidity and 30-day mortality rates were

comparable in the two groups, as shown in table 2. One

patient in group A died of septic shock and another patient

underwent re-exploration for bleeding from aberrant right

hepatic artery after failed angioembolization and

eventually expired due to multi-organ failure. Two patients

in group B died of septic shock secondary to anastomotic

leak and hospital acquired pneumonia and the third

patient was re-explored and underwent total

pancreatectomy due to bleeding from pancreatic bed

and eventually expired in intensive care unit.

There was no difference in the oncological clearance in

both the groups with R0 resection in 73% patients in group

A and 88% patients in group B (p=0.337). Majority of

Variable Group A Group B p-value

Number 11 (24%) 34 (76%)
Gender (Male / Female) 7/4 (64%/36%) 22/12 (65%/35%) 1.00
Age (Years) 55.36±13.01 58.44±8.92 0.38
ASA level (II/III) 6/5 8/26 0.071
Hiatt's Classification *
Type I 0 34 (100%)
Type II 2 (18%)
Type III 2 (18%)
Type IV 2 (18%)
Type V 5 (46%)

ASA: American Society of Anesthesiology, *Reference 3.

Table-1: Demographic Details.

Operative Variables Group A (n=11) Group B (n=34) p-value

Operating time (minutes) 459±60 451±66 0.709
Estimated Blood Loss (ml) 922±462 705±468 0.186
PRBC transfused (units) 1.64±1.02 0.97±0.75 0.025
FFPs transfused (units) 3±2 2±2 0.219
Type of resection 0.337
R0 Resection 8 (73%) 30 (88%)
R1 Resection 3 (27%) 4 (12%)
Outcome Variables
Morbidity 9 (82%) 21 (62%) 0.288
Clavien-Dindo Classification*
Type I 3 (33%) 4 (19%)
Type II 2 (22%) 7 (33%)
Type III 2 (22%) 6 (29%)
Type IV 0 1 (5%)
Type V 2 (22%) 3 (14%)
Mortality 2 (18%) 3 (9%) 0.582
Stage of the Disease
Stage IA 0 2 (6%)
Stage IB 1 (9%) 5 (15%)
Stage IIA 2 (18%) 9 (26%)
Stage IIB 6 (55%) 15 (44%)
Stage III 2 (18%) 3 (9%)
Perineural invasion 8 (73%) 14 (41%) 0.091
Perivascular invasion 5 (45%) 11 (32%) 0.483
Length of Stay (days) 16±7 15±5 0.384
Duration of follow up 397±667 516±523 0.545

PRBC: Packed red blood cells, FFP: Fresh frozen plasma, *Reference 8.

Table-2: Comparison of Operative and Outcome Variables.
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patients in both groups had stage II disease, with

comparable pathologic profile.

Discussion
Anomalies in the anatomy of hepatic artery is a common

entity and found in about 20% to 40% of patients

undergoing PD.1 The most common anomaly reported in

literature is right hepatic artery arising from SMA in 13%

to 26% patients.7 In our series, 24% of patients who

underwent PD had anomalous hepatic artery anatomy

and the most common variant was type V in 46% patients

according to Hiatt's classification in which common

hepatic artery (CHA) arises from the Superior Mesenteric

Artery (SMA). CHA arising from SMA cross behind or

through the head of pancreas before skirting laterally or

behind portal vein and penetrates the hepaticoduodenal

ligament. It is important for surgeons to be aware of

various arterial anomalies in order to avoid injury to this

vessel during PD. Inadvertent injury to this vessel can

potentially compromise the blood supply of the liver

causing hepatic ischaemia as well as ischaemic injury to

common bile duct resulting in biliary enteric anastomotic

site strictures or fistulas.9 None of our patients in this

group developed such complications at the follow up

duration of one year.

Another surgical consideration in the presence of such

arterial anomaly is that an attempt to preserve such vessels

can compromise the oncological clearance and radicality

of tumour resection. Such efforts can result in positive

microscopic (R1) or macroscopic (R2) retro-pancreatic

resection margin. In our study 73% patients in group A

and 88% patients in group B had R0 resection and there

was no significant difference in the oncological tumour

clearance in both groups. Our results are comparable to

previous similar studies published by Rubio-Manzanares-

Dorado M et al10 and Sulpice L et al.11 The percentage of

R1 resection in group A was higher (27%) in group A as

compared to group B (12%) which could be secondary to

more patients with stage IIB and stage III disease in

group A.

Classically, the presence of anatomic variation of hepatic

artery used to be a relative contraindication for a PD.3

Technical challenges faced during an already difficult

procedure can contribute to major surgical implications.

Technical difficulties can prolong the operating time and

increase the amount of blood loss thus increasing the

need for more blood transfusions and post-operative

complications. In our present study the operating time,

amount of blood loss and need for packed red blood cell

and fresh frozen plasma transfusion was higher in group

A as shown previously by Rubio-Manzanares-Dorado M

et al,10 but the difference was only significant in terms of

packed red blood cell transfusions. Transfusion rate usually

varies depending on the individual anaesthetist's practice

at our institution and reflects more difficult dissection of

tumour in group 'A' resulting in more blood loss requiring

blood transfusions. Aberrant arterial anatomy seemed to

have no influence on the postoperative morbidity and

mortality in the current study, which was also shown in

various previous studies.10,11 Both groups had no

statistically significant different complications in

postoperative period according to Clevien-Dindo

classification.8

We can conclude that Pancreatoduodencetomy is feasible

in patients with aberrant hepatic artery as it does not

seem to influence the morbidity, mortality and tumour

resection margins in patients undergoing Whipple's

procedure. The major limitation of our study is the small

number of patients, but this was due to the lack of

availability of complete perioperative data set in patients.
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