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Preservation of aberrant right hepatic arteries does not affect
safety and oncological radicality of pancreaticoduodenectomy—
own results and a systematic review of the literature
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Background: Aberrant right hepatic arteries (aRHA) are frequently encountered during
pancreaticoduodenectomy (PD). Their effects on surgical morbidity and resection margin are still debated.
This study aimed to compare the short term and long term outcomes in patients with and without aRHA.
Methods: A single-center retrospective analysis of 353 consecutive PD during a 5-year period was
done. The type of arterial supply was determined preoperatively by CT and confirmed at surgery. Hiatt
types III-VI included some type of aRHA and comprised the study group. Hiatt types I and II were
considered irrelevant for PD and used as controls. Primary endpoints were the rates of major postoperative
complications and the rate of RO-resection in cases of malignant disease. Secondary endpoints included
duration of surgery, postoperative stay, number of harvested lymph nodes and survival in patients with
pancreatic cancer. Own results were compared to existent data using a systematic review of the literature.
Results: No aRHA had to be sacrificed or reconstructed. Surgical morbidity and specific complications
such as post-pancreatectomy hemorrhage (PPH), pancreatic fistula and bile leak were the same in patients
with and without aRHA. There was no significant difference in operative time, blood loss, length of ICU-
and hospital stay. Patients with malignancy had similar high rates of R0O-resection and identical number of
harvested lymph nodes. Survival of patients with pancreatic cancer was not affected by aRHA.
Conclusions: aRHA may be preserved in virtually all cases of PD for resectable pancreatic head lesions
without increasing surgical morbidity and without compromising oncological radicality in patients with
cancer, provided the variant anatomy is being recognised on preoperative CT and a meticulous surgical
technique is used.
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Introduction

Pancreaticoduodenectomy (PD) is one of the most complex
abdominal surgical procedures. It has a wide spectrum of
indications, including resectable periampullary cancer,
symptomatic benign lesions of the pancreatic head as
well as chronic pancreatitis. Centralisation of care and
improvements in surgical technique and intensive medicine
reduced mortality to less than 5% at dedicated institutions.
However, postoperative morbidity still remains high,
ranging between 40% and 70% (1,2). Results of surgery
might be worse in patients with aberrant arterial supply to
the liver, especially if not recognized promptly. Of special
relevance is the most common vascular anomaly, i.e., the
aberrant right hepatic artery (aRHA), which is found in
15-35% of patients undergoing PD, which may present
as a replaced vessel or as an accessory one in addition to a
normal hepatic artery (3,4). On the one hand a damaged
or ligated aRHA may lead to impaired perfusion and
ischemia of the remnant bile duct and/or parts of the liver
with consecutive biliary leakage (BL) through breakdown
of the hepaticojejunostomy (HJ), liver abscess or even
hepatic failure (5). On the other hand, preservation of
aRHA at the price of damage to the adventitia may lead to
pseudoaneurysm formation with the risk of life-threatening
delayed post-pancreatectomy hemorrhage (PPH) especially
in cases of BL or postoperative pancreatic fistula (POPF)
(3,6). Theoretically, preservation of aRHA may also
present an additional hazard to achieving a tumor-free
(RO) resection margin and negatively affect the number of
harvested lymph nodes in patients with malignant disease,
thus putting at risk the oncological radicality of PD (7,8).

The aim of the present study was to investigate the
incidence and management of aRHA in a large cohort of
consecutive PD and to assess its effect on the surgical and
oncological outcomes, and to compare the results to those
already available in the literature.

Methods
Patients

This study was approved by the Ethics committee at the
Ruhr University Bochum (Nr. 18-6628-BR) and done in
accordance with the Helsinki Declaration as revised in 2013.
Informed consent for surgery as well as for data collection
and analysis was given by all patients. Between January 2014
and December 2018, 353 consecutive patients underwent
primary elective open PD for benign and malignant disease.
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Clinical, pathological and radiological data as well as
perioperative outcomes were prospectively recorded. Based
on preoperative triphasic, contrast-enhanced multidetector
computed tomography (CT) using a dedicated pancreatic
protocol an aRHA was reliably identified or ruled out in
all patients (Figure I). Images were saved and analyzed by a
radiologist and a pancreatohepatobiliary surgeon using the
house intern picture archiving and communication system
(PACS). Radiological findings were confirmed at surgery.
The Hiatt classification was used to divide the cohort into
aRHA (Hiatt types III to VI) and control (Hiatt types I and
II) groups (9).

Surgical procedure

The operations were performed by 4 experienced
pancreatic surgeons according to a standardized surgical
technique of dissection and reconstruction: after
entering the omental bursa and mobilization of the right
hemicolon, the duodenum was kocherised up to the
origin of the superior mesenteric artery (SMA). Superior
mesenteric vein was exposed, hepatogastric ligament
opened, lymph nodes around the common hepatic artery
removed and the gastroduodenal artery (GDA) identified.
Suprapancreatic dissection of the hepatoduodenal ligament
included isolation of the common bile duct (CBD) and
identification of the portal vein above the pancreas.
A standard lymphadenectomy including lymph node
groups 5, 6, 8, 12-14 and 17 was performed, clearing
all lymphatic tissue around the hepatic artery and the
portomesenteric axis. Further lymph nodes (e.g., groups
15, 16) were harvested only if tumor invasion was strongly
suspected. Special attention was paid to avoid damage
to an aRHA during dissection and division of the CBD.
After being identified aRHA was carefully dissected along
its entire course up to its origin and preserved (Figure 2).
Reconstruction included an end-to-side, duct-to-mucosa,
double-layer pancreaticojejunostomy (PJ) using interrupted
polydioxanone (PDS) 5-0 suture for the outer layer and
interrupted polypropylene 5-0 suture for the inner layer.
Neither sealants, nor stents were applied at the PJ. A single-
layer end-to-side HJ using interrupted PDS 5-0 suture was
performed. In patients with thin walled and tiny hepatic
ducts, PDS 6-0 was used and the HJ was splinted using
an externally diverted T-tube at discretion of the surgeon.
Antecolic duodenojejunostomy was performed 50 cm
distal to HJ in a double-layer continuous PDS 5-0 suture
technique. In patients without pylorus preservation a Braun
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Figure 1 3D-reconstruction of visceral arteries based on the
arterial phase of CT showing common hepatomesenteric trunk
(Hiatt type V). The arrow points at the root of CHA originating
from SMA. SMA, superior mesenteric artery; CHA, common
hepatic artery; RHA, right hepatic artery; LHA, left hepatic artery;
SA, splenic artery; GDA, gastroduodenal artery.

enteroenterostomy was added to gastrojejunostomy. All
patients received two intraabdominal soft silicone drains
placed in the vicinity of the HJ and PJ, derived separately
through the skin of the right and left middle abdomen.
Perioperative octreotide was routinely administered in all
patients.

Postoperative outcome

POPEF, PPH and delayed gastric emptying (DGE) were
defined according to the consensus definitions by the
International Study Group on Pancreatic Surgery (6,10,11).
All complications were classified according to the criteria
of Clavien and Dindo, whereas grade III or greater were
regarded as major complications (12). All deaths occurring
within 30 days after surgery or throughout the hospital stay
were classified as surgical mortality. Complete and detailed
pathological reports were available for all patients. Patients
with benign disease were excluded from the analysis of
oncological results. The status of circumferential resection
margin (CRM), number of harvested lymph nodes and the
lymph node ratio were reported for patients with malignant
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Figure 2 Intraoperative view of PD after completed resection,
arrows showing the aRHA from SMA coming from beneath the
PV and then dorsolateral to the CBD. CBD, common bile duct;

PV, portal vein; SMA, superior mesenteric artery.

lesions. CRM-positive findings (RO-narrow) were those
with vital tumor cells within 1 mm of resection margin.
Specimen with a tumor free resection margin >1 mm were
reported as RO-wide. Survival analysis was performed for
patients with PDAC.

Systematic review of the literature

A search with the key-words “pancreatoduodenectomy”,
“right hepatic artery”, “hepatic artery variation”, “aberrant
artery” in the PubMed database was performed to find
relevant publications dealing with the effects of aRHA on
clinical outcome in PD for the period 1950-2019. Only
comparative studies with sufficient data on postoperative
course and oncological outcome were selected according to
the PRISMA flow diagram (Figure 3). Pure radiological and
anatomical reports without clinical data were excluded. Raw
data of the included publications regarding the primary and

secondary endpoints of the present study were summarized.

Statistics

Data were expressed as percentages, mean = standard
deviation (SD) or median with minimum-maximum range.
An independent samples two-tailed #-test (for normally
distributed data) and Mann-Whitney U-test (for abnormally
distributed data) were used to compare continuous variables
between the study groups. The chi-squared test was used
for categorical variables. Kaplan-Meier curves and log
rank test were used for the survival analysis. Events were
considered statistically significant if P<0.05. The analysis
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Figure 3 PRISMA flow diagram of the study.

Table 1 Distribution of study patients according to Hiatt’s classification

Hiatt types Description Number of patients (%)
Type | Standard anatomy 240 (68.0)

Type ll Replaced or accessory left hepatic artery 33 (9.3

Type lll Replaced or accessory right hepatic artery 56 (15.9)

Type IV Combination of type Il + type llI 12 (3.4)

Type V Common hepatic artery from SMA 11 (3.1)

Type VI Common hepatic artery from aorta 1(0.3)

SMA, superior mesenteric artery.

was performed with SPSS software release 22.0 (SPSS Inc.,
Chicago, IIL., USA).

Results
Comparison of short term outcome in all patients

Eighty patients (22.7%) had any type of aRHA (Table I).
Characteristics of the patients with aberrant and normal
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RHA are summarized in Table 2. There were no significant
differences in terms of age, sex, BMI, major comorbidities
and ASA class between these two groups. Rates of ppPD,
venous reconstructions, use of T-tubes and mode of
reconstruction were identical. No arterial resection/
reconstruction was necessary in any patient. Two thirds
of patients were treated for malignant disease, pancreatic
ductal adenocarcinoma (PDAC) being the most common
type of tumor. Patients with and those without aRHA
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Table 2 Patient characteristics

Characteristics Aberrant RHA, n=80 Normal RHA, n=273 P value
Age, [min-max range] 63.3+x11.7 [16-88] 62.6+11.7 [28-81] 0.673
Gender, n [%)] 0.613
Male 38 [48] 139 [51]
Female 42 [52] 134 [49]
BMI 25.4+7.3 24.9+5.1 0.782
ASA, n [%] 0.31
I 1] 10 [4]
I 47 [59] 142 [52]
M 32 [40] 118 [43]
v - 3]
Diabetes mellitus, n [%] 0.577
Yes 21 [26] 83 [30]
No 59 [74] 190 [70]
Exocrine insufficiency, n [%] 0.871
Yes 14 [18] 52 [19]
No 66 [82] 221 [81]
Nicotine abuse, n [%)] 17 [21] 63 [23] 0.879
Alcohol abuse, n [%)] 5[6.3] 16 [5.9] 1

Diagnostic imaging, n [%]

CT 80 [100] 273 [100] 1
MRI/MRCP 67 [84] 210 [77] 0.218
EUS/ERCP 13 [16] 54 [20] 0.521
Neoadjuvant chemotherapy, n [%] 6/51 [11.8] 24/173 [13.9] 0.818
Pancreaticoduodenectomy, n [%] 0.313
Pp (Traverso-Longmire) 69 [86] 246 [90]
Classic (Whipple-Kausch) 11 [14] 27 [10]
Mode of reconstruction, n [%] 0.601
Single loop 47 [59] 171 [63]
Modified single loop 31 [39] 91 [33]
Double loop 2[2] 11 [4]
Venous reconstruction, n [%] 21 [26] 67 [24] 0.77
T-tube in HJ, n [%] 27 [34] 95 [35] 0.894

RHA, right hepatic artery.
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Table 3 Distribution of diagnoses in 353 PD, based on final histology
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Diagnosis Aberrant RHA, n=80 Normal RHA, n=273 P value
Pathology, n [%] 0.897
Malignant 51 [64] 173 [63]
PDAC 25 [31] 108 [40]
Other pancreatic cancer 17 [22] 31 [10]
Distal bile duct cancer 2 [2.5] 10 [4]
Duodenal cancer 2 [2.5] 3[1]
Ampullary cancer 4 [5] 19 [7]
Metastasis 1[1] 2[1]
Benign 29 [36] 100 [37]
Chronic pancreatitis 16 [20] 74 [27]
IPMN 11 [14] 15 [6]
SCN - 61[2]
SPN 1[1] 2[1]
MCN 1[1] 3[1]

PD, pancreaticoduodenectomy; RHA, right hepatic artery; PDAC, pancreatic ductal adenocarcinoma; IPMN, intraductal papillary
mucinous neoplasia; SCN, serous cystic neoplasia; SPN, solid pseudopapillary neoplasia; MCN, mucinous cystic neoplasia.

didn’t differ with regards to diagnosis distribution (Zable 3).
Tumor size, tumor stage, lymph node infiltration, number
of harvested lymph nodes and the RO-resection rate were
identical for patients with cancer irrespective of the presence
of aRHA (Tuble 4). Neither intraoperative parameter nor
postoperative outcome measures differed between the
groups. Operative time and blood loss were not increased in
patients with aRHA. Postoperative morbidity and mortality
were the same. ICU- and total postoperative stay were also
not affected (Tiable 5). No differences were detected in the
subgroup comparison of the six Hiatt types of vessel anatomy.

Comparison of long-term outcome in oncologic patients

Survival analysis was performed only for patients with
PDAC because of the small numbers and heterogeneous
distribution of other types of periampullary cancer in both
study groups. The estimated overall median survival for
133 patients with PDAC was 29+3 months. The mean
follow-up was 25+17 (median 21, interquartile range,
11.5-36) months. Nineteen patients were lost to follow-up
after a median of 23 months. Six percent (8/133) of patients
had no chemotherapy. Thirty patients (22.5%) received
neoadjuvant chemotherapy. All patients with neoadjuvant

© HepatoBiliary Surgery and Nutrition. All rights reserved.

chemotherapy for an initially borderline resectable or
locally advanced PDAC underwent a RO-resection and
there was no difference in the oncological radicality
between patients with and without aRHA in this specific
subgroup. Median overall survival for patients undergoing
PD for PDAC with aRHA did not differ compared to those
with normal vessel anatomy: 28x4.2 (95% CI, 19.8-36.2)
months vs. 30+4.2 (95% CI, 21.8-38.2) months, P=0.44.
Estimated S-year survival rates were respectively 25%
vs. 34% in both groups—log rank test for comparison of
survival distribution with continuity correction showed no
difference between the groups, P=0.53. The predominant
type of recurrence was diffuse metastatic disease with
the liver as the most common site. Local recurrence was
diagnosed in only a small proportion of patients. Adjuvant
chemotherapy was performed according to the German
guidelines for treatment of pancreatic cancer with the
majority of patients receiving gemcitabine chemotherapy
for 6 months. mFOLFIRNOX was used in 40/133 patients
and gemcitabine/nab-paclitaxel in 25 patients with PDAC as
a first- or second-line chemotherapy. A total of 18 patients
needed third up to fifth-line chemotherapy during follow-
up. Radiotherapy was seldom performed (12/133) and
preserved for patients with symptomatic local recurrence.
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Table 4 Oncologic results for patients with primary cancer of the pancreas and periampullary region, n=221
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Variable Aberrant RHA, n=50 Normal RHA, n=171 P value
T-stage, n [%] 0.51

™ 6/50 [12] 22/171 [13]

T2 11/50 [22] 43/171 [25]

T3 33/50 [66] 102/171 [60]

T4 - 412]
Tumor size (cm) 3.9+1.3 3.82+1.2 0.423
Harvested lymph nodes [range] 25.3+7.9 [12-44] 24.4+8.4 [10-61] 0.482
Metastatic lymph nodes [range] 2.2+2.9 [0-11] 2.9+3.9 [0-20] 0.242
LNR 0.09+0.12 [0-0.41] 0.12+0.17 [0-0.8] 0.197
Patients with LNR =0.2, n [%] 9/50 [18] 36/171 [21] 0.695
Resection margin, n [%] 0.503

RO wide 36 [71] 112 [65]

RO narrow 9[17] 44 [25]

R1 6 [12] 17 [10]
Median survival (months) 28+4.2 30+4.2 0.44
Estimated 5-year survival rate 25% 34% 0.532
Local recurrence PDAC, n [%] 3/25 [12] 18/108 [16] 0.764
Metastasis PDAC, n [%] 16/25 [64] 61/108 [56] 0.654

RHA, right hepatic artery; LNR, lymph node ratio; PDAC, pancreatic ductal adenocarcinoma.

Systematic review of the literature

There were 16 retrospective studies comparing the clinical
outcome of 3,203 patients with and without aRHA. Table 6
represents a summary of the major surgical outcomes of
these studies including our own data. aRHA didn’t correlate
to increased mortality and morbidity in any of the studies.
The lymph node yield, the rate of tumor-free resection
margin and long-term survival were also not affected by the
presence of aRHA in oncologic patients. Six studies found
significantly longer duration of surgery in patients with

aRHA (7,8,13-26).

Discussion

Anatomic variations of the hepatic artery, first described
by Haller in 1756, have drawn the increasing interest
of the surgical community with the rise of complex
hepatobiliary and pancreatic resections in the second half
of the twentieth century (27). The first useful and generally
applicable classification was based on 200 autopsies and
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published by Michels in 1966 (28). Some thirty years later,
Hiatt ez al. proposed a similar classification based on 1000
angiographies, which was in fact a simplified modification
of the Michels system, omitting the differentiation between
replaced and accessory right hepatic arteries (9). Despite
numerous further attempts of improve, the classification
system of Hiatt still remains the most widely accepted
due to its simplicity and practicability. According to Hiatt
et al. an aberrant right hepatic artery of any type can be
found in one of four patients (24%) and similar results
ranging between 15% and 35% have been confirmed by
most authors (3,14,16). In our cohort of 353 consecutive
patients the rate of aRHA was almost 23%, being very
close to that reported by Hiatt. This makes aRHA the
most frequently encountered and thus the most relevant
vascular anomaly during PD. An aRHA, being a completely
replaced or just an accessory one, may arise from the SMA
or directly the aorta, passing on the back surface or right
through the head of the pancreas and behind the portal vein
to join the hepatoduodenal ligament on the dorsolateral
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Table 5 Summary of results from 16 retrospective studies and own data on the impact of aRHA on PD

Variables Aberrant RHA, n=80 Normal RHA, n=273 P value
Duration of surgery (min) 38281 37476 0.41
Estimated blood loss (mL) 244+318 290+212 0.612
ICU stay (days) 4.3+10.5 3.5+7.2 0.413
Hospital stay (days) 24+13 24+12 0.775
Complications (CDC), n [%] 0.415

0 22 [27.5] 89 [32.6]

1 12 [15] 56 [20.5]

2 28 [35] 79 [29]

3a 8[10] 18 [6.6]

3b 2[2.5] 16 [6.9]

4a 415] 5[1.8]

4b 101.3] 110.3]

5 (mortality) 3[3.7] 9[3.3] 0.738
CR-POPF, n [%)] 1

Grade B 16 [20] 54 [19.8]

Grade C 4 5] 13[4.7]
PPH, n [%)] 0.59

Grade B 4 5] 10 [3.6]

Grade C 2 [2.5] 5[1.8]
DGE, n [%] 20 [25] 49 [18] 0.199
Lymphatic fistula, n [%)] 51[6.3] 20[7.3] 1
Biliary leakage, n [%] 7 [8.8] 21 [7.7] 0.814
Wound infection, n [%)] 2[2.5] 12 [4.4] 0.744
Revisional surgery, n [%] 7 [8.8] 31 [11.4] 0.682

PD, pancreaticoduodenectomy; aRHA, aberrant right hepatic artery; CDC, Clavien-Dindo Classification; CR-POPF, clinically relevant
postoperative pancreatic fistula; PPH, postpancreatectomy hemorrhage; DGE, delayed gastric emptying

side. Therefore, aRHA is susceptible to abutment by large
benign lesions or infiltration by periampullary cancer and
may be encased by inflammatory tissue in severe chronic
pancreatitis. The risks of intraoperative vascular injury,
blood loss, prolonged operative time, and postoperative
morbidity might increase. The increased risk for positive
resection margins and lower lymph node yield might
theoretically have a negative effect on long term survival of
oncologic patients with aRHA undergoing PD.

The most important first step in preventing such risks
is the early and reliable identification of vessel variations
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and their exact relationship with neighbour structures. Our
results show that aRHA can preoperatively be detected in
100% of studied patients using a high-quality, thin-sliced,
contrast enhanced CT with an arterial phase. Modern
software allows multiplanar 3D-reconstructions within
seconds. Nevertheless, we use seldom such 3D-images,
since identification of vessels is usually straightforward using
the standard axial and coronal planes. None of the patients
in this study received preoperative angiography. The CT
findings were confirmed at surgery in all patients. The high
diagnostic accuracy of CT was confirmed in the study of
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Balzan er al., and besides meticulous surgical technique, may
partially explain the successful preservation of all aRHA
in our cohort (29). Considering this background, we do
not have any explanation for some very low rates of aRHA
recognition using CT as low as 50-70%, recently reported
(19,22,24).

Duration of surgery and blood loss were not increased
in patients with aRHA in our study, corresponding to
the majority of other reports. This is mostly due to the
preservation of aRHA. Indeed, the few studies with
significantly longer operation times and increased blood
loss were at the same time those with the highest rates of
arterial reconstructions. For example, Asano er 4/. had to
resect aRHA in 18% of the patients with this anomaly and
reported a prolongation of surgery of about 33 minutes (23).
Crocetti et al. reconstructed 25% of aRHA, which prolonged
operating time with 34 minutes (26). Rammohan et al.
ligated aRHA in 19% and reconstructed it in additional
2% resulting in a 60 minutes difference in the operating
time (19). Nevertheless, neither prolonged surgery, nor
increased blood loss affected morbidity and mortality. These
outcomes were irrespective of the presence of aRHA in
all 16 published studies and confirmed by our own results.
Respectively, ICU- and postoperative hospital stay were also
not affected by the presence of aRHA.

Our study showed that oncological radicality of PD
is not necessarily compromised by the preservation of
aRHA. There was only one other study by Lee et a/l. with
100% preservation of aRHA (13). In all other studies
preservation rate ranged between 76% and 94%. However,
these results are difficult to compare, since raw data on
selection criteria for surgery at the different institutions are
missing and surgical strategies in the presence of arterial
involvement may vary. Our strategy for patients with
PDAC since 2013 is based on a very liberal indication for
neoadjuvant chemotherapy for all patients with LAPC/
BRPC due to suspicion of tumor infiltration of the hepatic
arteries, as provided by high-quality preoperative CT
scans. Consequently, only clearly resectable lesions with
definitively free hepatic vessels are scheduled for PD. In
the rare cases of unexpected real tumor involvement of
the hepatic vessels we do perform arterial resection and
reconstruction using the stump of GDA or a splenic artery
switch, or a prosthesis on the very rare occasion, combined
with a completion pancreatectomy to avoid PPH due to a
POPE. This strategy may explain the 100% preservation of
aRHA in our cohort of patients. This means by no way that
only tumours of an early stage were scheduled for surgery—

© HepatoBiliary Surgery and Nutrition. All rights reserved.

Pyras et al. Aberrant right hepatic artery in PD

as a matter of fact two thirds of our patients suffered a T3-
lesion, 20% had a lymph node ratio >0.2, 25% needed
some type of venous reconstruction, and 30 patients had
neoadjuvant chemotherapy for initial BRPC/LAPC.

The excellent oncologic radicality of PD in patients
with malignant disease with 90% tumor free margin and
the highest average number of harvested lymph nodes
per patient compared to all other studies, despite aRHA
preservation in 100% of cases, remains the most important
finding of this study and makes the difference to other
recent publications. The study by Crocetti ez /. is a fine
example of the effects of aggressive strategy with high
resection rates in cases of aRHA: in their study a resection
of aRHA with reconstruction was performed in 25%, which
yielded a very high RO rate of up to 95% (26). However,
the price for this aggressive strategy was high: a mortality
of 16%, prolonged operative time by more than 2 hours,
increased blood loss, prolonged ICU and total hospital
stay. Considering our results, this means that a resection of
aRHA during PD for PDAC compared to its preservation
would mean a gain of 5% in RO resection rate (95%
vs. 90%) at the price of almost 500% increased risk or
mortality (16% vs. 3.5%).

The study of Asano et /. shows further that a
macroscopically suspected tumor infiltration of aRHA does
not necessarily mean a real one: they resected aRHA in 9/51
patients in order to achieve RO margin, however real tumor
infiltration of aRHA was confirmed in none of the patients
at final pathology. Moreover, despite of aRHA resection,
RO was achieved in only 6/9 patients because of tumor
residual at other places such as pancreatic remnant and
retropancreatic margin (23). Similar results were reported
by Okada, who resected 9/25 aRHA to achieve tumor
free resection margin, however accomplished a tumor
free margin in only 2 of 9 patients (8). Thus, our study
results cannot confirm the statement of Okada, that aRHA
should generally be divided to achieve RO resection. Asano
showed however, that resection of replaced RHA without
reconstruction has no negative effects on morbidity with
only one case of postoperative hepatic abscess (23). This
may be explained by the presence of hilar plate collaterals
from the left hepatic artery, as well as additional hepatic
vascularization by the inferior phrenic artery and the right
adrenal artery. As a proof of that, the authors observed a
significant backflow in all cases of transected aRHA and
proved the intact blood flow by intraoperative Doppler. The
statement by Asano is confirmed by the results of Okada,
who reported a preoperative coil embolization of aRHA in
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Figure 4 Kaplan-Meier survival curves for patients with
PDAC. RHA, right hepatic artery; PDAC, pancreatic ductal

adenocarcinoma.

6 patients, who underwent then a resection of aRHA during
PD and none of them suffered postoperative liver morbidity
(8,23).

Strengths of the present study include the large cohort of
consecutive patients treated by a small group of experienced
surgeons according to a standard surgical technique and
being managed following established perioperative protocol
over a relatively short period of time. This standardized
management at a single center allows better reproducibility
and internal validity of results. This study represents the
second largest single center experience in PD with aRHA.
Eshuis et al. reported a larger cohort, however over a
much longer study period of 17 years (16). Resection of
hepatic arteries, especially the CHA due to tumor invasion
should be critically discussed in the era of powerful
chemotherapeutic regimes for neoadjuvant treatment.
According to the internationally accepted NCCN criteria
a tumor invasion of the hepatic artery determines PDAC
as locally advanced - primary resection of such LAPC
is not indicated, since despite its technical feasibility it
cannot offer a survival benefit and increases morbidity and
mortality dramatically (30,31).

Regarding long term survival, the studies by Eshuis ez 4.,
Crocetti et al., and Kim ez al. already proved that survival
was not affected by aRHA (16,18,26). Our results support

these data and reveal the longest median survival of 29
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months among all studies included in the systematic review
(Figure 4). Similar survival times were reported only by Lee
et al., however all patients included in their study suffered
bile duct cancer and our survival data refer only to patients
with PDAC (13).

Limitations of the study are its retrospective character
and the lack of comparison to patients with sacrificed or
reconstructed aRHA. Indeed, we did not have any case
of planned PD during this study period of 5 years with a
sacrificed or reconstructed normal or aberrant RHA. In our
experience these measures were always a part of emergency
revisional surgery for bleeding complications, when
angiography failed to solve the problem. In such instances
we prefer to sacrifice the right hepatic artery rather than
reconstruct it. In our opinion, this strategy is easier and
faster than arterial reconstruction and usually does not lead
to life-threatening complications itself. Further limitation
may be the fact that our results apply only to open PD,
so we cannot automatically transfer our conclusions to
minimally invasive PD. However, there are already two
studies, which showed that robotic PD is feasible in the
presence of aRHA in a selected group of patients (20,22).

In summary, the results of the present study and the
systematic review of existent literature clearly confirm
that the presence of aRHA does not affect negatively the
short-term and long-term clinical outcome of PD. Reliable
identification of aRHA on contrast enhanced CT combined
with standardized meticulous surgical technique allow
its safe preservation without compromising oncological
radicality of the procedure in patients with pancreatic
cancer.
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