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Abstract. Background: Variations in vascular anatomy in
pancreaticoduodenectomy for adenocarcinoma of the pancreatic
head, aberrant right hepatic artery (aRHA) being the most
frequent, influence oncological outcome, surgical
complexity, intra- and postoperative complications, and overall
5-year disease-free and survival rates. Materials and Methods:
Between January 1988 and January 2018, 297 consecutive
patients underwent pancreaticoduodenectomy at our Institutions

may

and were divided into two groups: Group 1 patients were
affected with aRHA; group 2 were without this vascular
anomaly. The groups were retrospectively compared to identify
differences in preoperative characteristics and intraoperative
course, postoperative morbidity and mortality and long-term
disease-free interval and overall survival. Cox regression
analysis was used to investigate the role of variables
statistically significant at univariate analysis in the short- and
long-term outcomes. Results: Overall 44 (15%) patients had
aRHA. No differences in patient characteristics were reported.
The mean operative time was 451+58 minutes for group 1 and
317427 minutes for group 2 (p<0.001), whereas mean blood
losses were 7294488 ml and 508+119 ml, respectively
(p<0.001). Group 1 patients had a longer stay in intensive care
when compared to patients of group 2 (mean 5+2 versus 4+2
days, respectively; p<0.001). Furthermore group 1 patients had
a significant longer hospitalization when compared to those of
group 2 (mean 17+5 versus 15+3 days, respectively; p<0.006).
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No other significant differences were observed between the two
groups. Cox regression analysis showed that independently of
the presence of aRHA, the factors negatively affecting the
5-year survival rate were blood loss (p<0.001) and length of
stay in intensive care (p<0.001). Discussion: aRHA increases
the surgical complexity of pancreatoduodenectomy, negatively
affecting intraoperative blood loss, length of operation, length
in intensive care and hospitalization, but does not influence
long-term survival and disease-free rates.

Vascular anatomical variations in the upper abdomen are
common and numerous in the general population (1-6). Right
hepatic artery anomalies are divided into accessory and
aberrant: the former is an additional artery that provides
hepatic vascularization, while the latter is a branch of the
superior mesenteric artery that is the only blood supply to
the liver (3, 7, 8). A right hepatic artery branching directly
from the superior mesenteric artery is the most common
variation, ranging in frequency from 11-26.5% (9, 10).

The identification of an anomalous hepatic artery course is
mandatory during pancreatic surgery (3) because the presence
of aberrant right hepatic artery (aRHA) may compromise
oncological clearance or, on the other hand, more radical
procedures may result in an increased operative time, intra-
operative blood loss, intra- and postoperative complications,
length of stay and overall mortality (3, 5, 10, 11).

A deep knowledge of vascular anatomy in the pancreatic
region is required in order to deploy all necessary measures
to preserve essential vascular structures and to avoid
accidental lesions or ligatures that could lead to hepatic and
biliary ischemia (5, 10, 12-14). Recognizing aRHA is
essential before pancreatoduodenectomy (PD) (15, 16);
major pancreatic resection for malignancy is in fact
challenging in the presence of aRHA, thus necessitating the
non-trivial choice between preserving the artery or obtaining
an RO resection (10).

In the present study, we investigated the influence of this
abnormal vascular course of the artery on oncological

1285



in vivo 33: 1285-1292 (2019)

radicality, surgical complexity, intra- and postoperative
complications, 5-year survival and disease-free rates.

Materials and Methods

Two-hundred-ninety-seven consecutive patients affected with a
preoperative histological diagnosis of pancreatic head carcinoma
undergoing PD between January 1988 and January 2018 were
retrospectively enrolled encompassing the entire series of our
Institutions. Patients with non-resectable lesions or patients who
underwent distal pancreatectomy were excluded from the present
analysis. This report is in accordance with the STROBE statement
checklist of reporting on cohort studies (17). A retrospective
analysis of patients’ charts and outpatient records was carried out
according to the principles laid down in the Declaration of Helsinki.
Formal ethic approval from our Institutional Research Committee
was not required for retrospective collection of anonymous data on
patients treated with already described surgical techniques.
However, written informed consent for treatment and the analysis
of data for scientific purpose is obtained from all patients at our
Institution independently of future studies.

Clinical, pathological, intra- and postoperative data, and long-
term outcomes were collected in a computerized database.
Demographic data and information on symptoms and comorbidity
were retrieved from the hospital charts. Comorbidities were defined
as follows: Familiality specifically for pancreatic cancer, active
smoking, anamnestic cardiac disease (prior myocardial infarction,
stable or unstable angina, or ST segment alteration on
electrocardiogram), hypertension (diastolic blood pressure, =85
mmHg), renal disease (blood urea nitrogen >7.1 mmol/l; creatinine
level >266 umol/l; creatinine clearance <50 ml/min), pulmonary
disease (PO, <60 mmHg; PCO, >50 mmHg; pulmonary function
tests <80% of predicted; tested with arterial blood gas test and
spirometry), and obesity (body mass index >20% of ideal). All
patients underwent contrast-enhanced thoracic and abdominal
computed tomography, abdominal ultrasonography, and complete
blood tests. Biliary tree examination was performed with endoscopic
retrograde cholangiopancreatography or magnetic resonance
imaging. No patients underwent preoperative biliary drainage.
Vascular abnormalities were assessed preoperatively with computed
tomographic angiography (CTA), or intraoperatively and these data
were retrieved from the hospital chart.

Subsequently, the patients were divided into two groups based
on the presence of aRHA (group 1) or normal vascular anatomy
(group 2). Ten (3%) patients had other vascular anomalies (i.e.
replaced left hepatic artery from left gastric artery) and were
excluded from the present analysis. The two groups were compared
to identify differences in demographic and clinical data [including
the American Society of Anesthesiologists score (18)],
intraoperative findings, pathological results, postoperative events
[including biliary and pancreatic fistula classified according to the
International Study Group on Pancreatic Fistula (19)] and 5-year
disease-free interval and survival rates.

Serum samples [bilirubinemia, alkaline phosphatase, Yy
glutamyltranspeptidase, carcinoembryonic antigen (CEA), tissue
polypeptide-specific antigen (TPA), and carbohydrate antigen 19-9
(CA19-9)] were obtained by direct venipuncture of an antecubital
vein of the arm at patient's admission to hospital before surgery.

All patients received prophylactic antibiotics preoperatively
(cefotaxime sodium and metronidazole). Octreotide or gabesate
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mesylate was never administered. Proton pump inhibitors were
administered during the postoperative period when indicated. All
surgical procedures were performed by experienced abdominal and
pancreatic surgeons with vascular competence.

End points of the study. Primary end points considered were
intraoperative outcomes (length of surgery, blood losses) and
postoperative results (length of stay in intensive care unit, length of
hospitalization, incidence of surgical and medical complications).
The secondary end points were the 5-year disease free-interval and
survival rates.

Statistical analysis. Our data were analyzed with SPSS Ver. 25.0.0.1
(SPSS Chicago, IL, USA). All results are expressed as the
meanzstandard deviation, or as frequencies. Due to sample sizes,
non-parametric tests were applied. The Mann—Whitney U-test was
used to analyze continuous variables. Chi-square test or Fisher’s
exact test were used to study categorical variables. Survival rates,
and disease-free intervals were assessed by the Kaplan—Meier
method and comparison between curves was performed with the
log-rank test. Standard error (SE) of survival rates, and disease-free
intervals were estimated at each censored case. Cox regression
analysis was applied to assess the eventual influence of the aberrant
or normal course of the hepatic artery in intra- and postoperative
results and S5-year survival and disease-free rates. Variables that
significantly differed at a level of significance p<0.05 were entered
into the model, whose goodness of fit was assessed by the Hosmer—
Lemeshow test. Differences with a-level of less than 0.05 were
considered statistically significant.

Results

Clinical findings. There were 178 (54%) males and 119
(36%) females. The mean age at presentation was 68+8 years
(range=57-81 years; median=69 years). Demographic and
clinical data are summarized in Table I. No significant
differences between the two groups were noted.

Diagnostic and radiological findings. Forty-four (15%)
patients had an aRHA arising from the superior mesenteric
artery, the remaining 253 (85%) had normal vascular
anatomy. In 37 (84%) patients, aRHA was diagnosed during
the preoperative noninvasive investigation whereas in seven
(16%) was an intraoperative finding. In 18 (41%) cases, the
oRHA ran along the posterior surface of the pancreatic head
to the posterolateral face of the hepatoduodenal ligament,
and in all patients was preserved; in the remaining 26 (59%),
the aRHA followed a ventral course with respect to the head
of the pancreas.

Intraoperative findings. Two-hundred and one (68%) patients
underwent a classical Whipple’s procedure, and 96 (32%)
pylorus-preserving PD.

The abnormal course of the artery was preserved in 33 (75%)
cases, whereas in eight (18%) the aRHA was intentionally
transected with primary anastomosis to the gastroduodenal
artery stump. In three cases (7%), a great saphenous vein graft
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Table 1. Main features and statistical analysis of demographics and
clinical data of the two groups of patients.

Table II. Differences in tumor staging and pathology of the two groups
of patients.

aRHA Non-oaRHA p-Value
(n=44) (n=253)
Gender, n (%)
M 30 (68) 148 (59) 0.226
F 14 (32) 105 (41)
Age, years
Mean+SD 67+7 68+8 0.572
Familiality, n (%)
Yes 3(7) 25 (10) 0.521
No 41 (93) 228 (90)
Active smoking, n (%)
Yes 28 (64) 152 (60) 0.656
No 16 (36) 101 (40)
Cardiac disease, n (%)
Yes 15 (34) 75 (30) 0.554
No 29 (66) 178 (70)
Hypertension, n (%)
Yes 20 (45) 100 (39) 0.459
No 24 (55) 153 (61)
Renal diseases, n (%)
Yes 39 (89) 25 (10) 0.763
No 39 (89) 228 (90)
Pulmonary diseases, n (%)
Yes 12 (27) 62 (24) 0.695
No 32 (73) 62 (24)
Obesity, n (%)
Yes 11 (25) 48 (19) 0.355
No 33 (75) 205 (81)
Diabetes, n (%)
Yes 8 (18) 50 (20) 0.807
No 36 (82) 203 (80)
Bilirubin, mg/dl
Mean+SD 9+5 8+5 0.817
Alkaline phosphatase, IU/1
Mean+SD 18593 18790 0.852
v-Glutamyltranspeptidase, IU/1
Mean+SD 85+138 103+200 0.449
CEA, ng/ml
Mean+SD 3+2 3+2 0.535
TPA, ng/ml
Mean+SD 136170  141+188 0.847
CA19-9, U/ml
Mean+SD 40+7 4249 0.232
ASA
I 8 (18) 73 (29) 0.163
1I 22 (50) 91 (36)
1 14 (32) 89 (35)

aRHA: Aberrant right hepatic artery; ASA: American Society of
Anesthesiologists; CA19-9: carbohydrate antigen 19-9; CEA:
carcinoembryonic antigen; TPA: tissue polypeptide-specific antigen.
SD: standard deviation.

was used to repair accidental injury. Conditions which required
aRHA transection were vessel tumor involvement (n=5) or
technical difficulties (n=3). The mean operative time was
451458 minutes (range=265-567 minutes; median=455

oRHA Non-oRHA p-Value

(n=44),  (n=253),
n (%) n (%)
Tumor stage
1A 11 (25) 45 (18) 0.592
1B 8 (18) 38 (15)
IIA 23 (53) 155 (61)
1B 24 15 (6)
Tumor differentiation
Well 10 (23) 50 (20) 0.902
Moderately 13 (29) 77 (30)
Poorly or undifferentiated 21 (48) 126 (50)
Resection margin
RO 42 (95) 220 (87) 0.107
R1 2(5) 33 (13)

aRHA: Aberrant right hepatic artery; RO: curative resection; R1:
microscopic residual tumor.

minutes) for group 1 and 317+27 minutes (range=285-510
minutes; median=310 minutes) for group 2 (p<0.001) whereas
mean blood losses were 729+488 ml (range=390-2387 ml;
median=535 ml) for group 1 compared to 508+119 ml
(range=335-930 ml; median=480 ml) for group 2 (p<0.001). No
resection of the portal-mesenteric axis or adjacent organs was
performed, and all patients underwent potentially curative
surgery. Lymphadenectomy was carried out along the
hepatoduodenal ligament, common hepatic artery, vena cava,
superior mesenteric vein, and along the right side of the superior
mesenteric artery. Trans-anastomotic catheters were seldomly
placed in the pancreatic or biliary ducts according to the
surgeons’ preference.

Histological findings. Table II summarizes pathological
findings. Clinical and pathological staging were reassessed
according to the American Joint Committee on Cancer TNM
staging system of pancreatic cancer (20). The mean number
of lymph nodes retrieved was 14+3 (range=9-21;
median=14). No differences were recorded between the
groups (p=0.437). Resected lymph nodes were histologically
positive for metastases in 42 (14%) specimens (5 in group 1
and 37 in group 2; p=0.692). A total of 262 (88%) patients
had a microscopically tumor-negative resection margin
(defined as <1 mm). No statistical differences in tumor
differentiation, stage and resection margin were recorded
between the two groups.

Early outcome. No intraoperative death occurred of patients
included in the study. Overall there were 40 (13%)
postoperative deaths within 60 days. Twenty-two (55%)
patients died due to a pancreatic fistula and seven (17%)
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Table III. Early outcomes and statistical analysis of the post-operative
complications of the two groups of patients.

Table IV. Multivariate analysis. Cox regression analysis to determine
predictors of overall 5-year survival rate.

oRHA Non-aRHA p-Value

(n=44), (n=253),

n (%) n (%)
Postoperative mortality within 60 days 7 (16) 33 (13) 0.645
Relaparotomy 3(7) 28 (11) 0.395
Hemorrhage 24 12 (5) 0.954
Biliary fistula 3(7) 14 (6) 0.735
Pancreatic fistula 5(11) 27 (11) 0.891
Intra-abdominal abscess 24 11 4) 0.953
Wound Infection 6 (14) 29 (12) 0.680
Cardiovascular complications 3(7) 15 (6) 0.820
Cerebrovascular accident 0 (0) 52) 0.446
Urinary tract infection 3(7 18 (7) 0.944
Pneumonia 1) 7(3) 0. 852
Renal failure 12 3(1) 0.564
Generalized sepsis 1) 73) 0.852
Delayed gastric emptying 5(11)  37(15) 0.567

aHRA: Aberrant right hepatic artery.

from hemorrhage. No differences were recorded between the
groups (p=0.782). Table III summarizes the postoperative
complications that occurred; they were similar between the
two groups. Patients in group 1 had a significantly longer
stay in intensive care when compared to patients of group 2
(mean 5+2 versus 4+2 days, respectively; p<0.001). Overall
mean postoperative length of stay was 15+4 days (range=10-
30 days; median=15 days). Patients in group 1 had a
significantly longer hospitalization when compared to those
of group 2 (mean 17+5 versus 15+3 days, respectively;
p<0.006).

Long-term disease-free and survival rates. No patient had
neo-adjuvant therapy. Adjuvant therapy consisted of
chemotherapy alone in 189 (64%) patients. No differences
were recorded between the groups (p=0.675). Radiotherapy
alone or chemoradiation was never used. The mean follow-
up was 20+13 months (range=1-64 months; median=18
months). Twenty-four (8%) patients were lost at a mean
follow-up of 17+9 months (range=2-43 months; median=20
months). The overall 5-year survival and disease-free rates
were 19% and 10%, respectively. Log-rank test showed no
statistical differences between the groups (p=0.281 and
p=0.380, respectively for survival and disease-free rates)
(Figure 1A and B).

Multivariate analysis. Cox regression analysis was used to
predict factors influencing eventual differences in 5-year
survival and disease-free rates between the two groups.
Variables statistically significant at univariate analysis
(operative time, blood losses, length of stay in intensive care
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Factor Odds ratio 95% CI p-Value
Blood loss 1.001 1.000-1.002 0.001
Length of stay in ICU 1.420 1.300-1.550 0.001
Operative time 0.998 0.995-1.001 0.215
Length of hospitalization 0.986 0.938-1.036 0.575

CI: Confidence interval; ICU: Intensive Care Unit; OR: odds ratio.
Model fit after Hosmer Lemeshow test, df=8, p=0.42.

unit and overall length of hospitalization) were inserted into
the model, and demonstrated that an increase in blood losses
and length of stay in intensive care negatively affected 5-
year survival rates independently of the presence of an
oRHA (Table IV).

Discussion

Vascular anomalies of the pancreatic region are common,
and many classifications have been reported in the literature.
Michels indicated as aberrant a right hepatic artery
originating from the superior mesenteric artery (9). This
vascular anomaly is the most frequent and the aberrant artery
may run behind the pancreas, or along its ventral side or
intra-parenchymally; these anatomical variations should be
taken into consideration during PD (2, 15, 21).

In our series, 18 (41%) patients had an aRHA running
behind the head of the pancreas, and in the remaining 26
(59%) anteriorly. We never observed an aHRA with an
intraparenchymal course, which may require an en-bloc
pancreatic resection (7).

Preoperative CTA imaging study can identify from 60%
to 80% of vascular anomalies (7, 10-13, 15, 16). In a series
of 50 patients who underwent CT scan followed by a
confirmatory angiography, Chambers et al. showed a CT
sensitivity, specify and accuracy of 96%, 87 and 88%,
respectively (22). In our series, preoperative CTA identified
vascular anomalies in 84% of patients. At present,
angiography is a second-line examination, recommended for
rare and complex vascular anomalies, providing accurate
anatomical details (10, 11, 23, 24). However, it is unable to
identify the relation between blood vessels and the hepatic
parenchyma, essential in the preoperative study (10) and,
therefore, should not be suggested for routine use (15, 25).

The diagnosis of an anomalous course of the artery should
be preferentially made preoperatively because the
intraoperative identification of vascular anatomical variation
might interfere with lymphadenectomy and pancreatic
resection or reconstruction, increasing the risk of vascular
damage, hemorrhage and ischemic lesions (3, 10, 13).
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Figure 1. Cumulative 5-year overall (A) and disease-free (B) rates (crosses indicate patients censored at each point). aRHA: Aberrant right hepatic

artery.

Although preoperative imaging studies permit diagnosis
of aHRA with a high sensitivity and specificity, half of all
aHRAs are still detected intraoperatively (26, 27); in our
series, seven (16%) cases were found during PD.

Many techniques to manage aHRA have been described:
Dissection and preservation, or transection and reconstruction
are the most used (28). Dissection and preservation of the
aHA should be considered as the first-choice approach,
despite its increased bleeding risk, its less suitability in cases

where oncological resection are a concern, and its increased
incidence in postoperative pancreatic fistula; moreover,
inappropriate artery traction might increase the risk of
postoperative hemorrhage (5, 11, 28). Whenever possible, the
aberrant artery should be preserved (10, 12, 16, 26), and
although surgical complexity is increased, no adverse effects
on safety and surgical outcomes are reported (10, 15, 16).
Some authors have observed an increase in operative time
and intraoperative blood loss in patients with aRHA (5, 7),
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which was confirmed by our results. These findings were
probably due to the need to perform an oRHA
lymphadenectomy representing an additional surgical step
and greater manipulation in artery preparation, thus leading
to an increase in blood loss.

In those cases, in which it was not possible to preserve
aRHA, due to intraparenchymal artery course or neoplastic
vascular infiltration, an en-bloc resection in association with
arterial reconstruction is indicated to preserve the blood
supply to the right hepatic lobe (7). Accidental arterial
resection or small tract aHA section requires reconstruction
with primary arterial stump anastomosis; a tension-free
technique is mandatory to prevent anastomosis dehiscence
(7). Rammohan et al. in fact observed the development of
pseudoaneurysms after excessive oRHA traction in an
attempt to save vascularization (10).

In cases in which resection of a longer arterial segment
may be required, a direct reimplantation to the
gastroduodenal stump is suggested; in these cases, the use of
a venous or prosthetic graft represents a valid alternative (9,
11, 21). The prosthetic graft technique is characterized by an
increased risk of infection, especially in a contaminated field
(i.e. enteric fluid) (18, 29, 30). We also believe that
whenever the presence of vascular anomalies may require
reimplantation of vessels or venous or prosthetic graft
reconstruction, the competence of a general surgeon with
advanced vascular capabilities is required. We disagree with
Wang et al. who suggested the possibility of aRHA sacrifice
without reconstruction in selected cases when an aberrant
artery makes radical resection impossible, or when vascular
resection does not result in serious clinical consequences
(28). In our opinion, the artery should be always
reconstructed, and the use of autologous material is to be
preferred. Preoperative embolization permits improvement
of blood flow through the left hepatic artery, preventing
ischemic injuries, but again we are skeptical on its usefulness
(10, 12, 24, 31-34). Revascularization of the aRHA is always
possible and preoperative recognition may simplify the
operative plan necessitating the aid of different specialties or
abdominal surgeons with vascular abilities.

We achieved an RO oncological grade in 96% of our
patients affected with aRHA, whereas in the remaining
patients, an RO procedure was achieved in 87%.
Paradoxically, we can affirm that a more accurate dissection
of the retropancreatic tissue in the presence of aHRA is
performed because the artery is accurately dissected free from
the surrounding tissues. Several authors have demonstrated
in fact that this anatomical variation does not have a
significative impact on oncological cleaning grade (5, 35).

Multivariate analysis has demonstrated that, independently
of the presence or absence of this anatomical variation, blood
loss and a long hospitalization in intensive care negatively
influence long-term outcome. This indicates that a more
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complex and time-consuming operation (testified by a higher
blood loss) and a prolonged intensive care recovery have, as
already demonstrated (36), a negative impact on survival.

We are aware that our study has some limitations; firstly,
the small sample size. Secondly, our series encompassed a
20-year period during which different surgeons performed
operations, as well as there having been several
improvements in preoperative diagnosis. Thirdly, the
tradition to have abdominal and pancreatic surgeons with
advanced vascular capabilities at our Center has led to a high
frequency of performance of transection with re-anastomosis
and vein graft.

In conclusion, the aRHA is the most common vascular
anomaly reported during PD, and preoperative imaging study
is essential in order to plan the correct operation and to avoid
vascular injuries. We observed that the preoperative
identification of aRHA and consequent management in a
high-volume center does not negatively affect long-term
disease-free and overall survival rates but higher
intraoperative blood loss, and longer stay in intensive care
and hospitalization are predictable. Finally, our study
demonstrated that an increase in blood loss and length of
stay in intensive care negatively affect 5-year survival rates
independently of the presence of an aRHA.
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