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Background and Objective: Vascular aberrancies such as a right hepatic artery arising from the superior 
mesenteric artery are quite common. Their management should be realized through an accurate pre- and 
intra-operative strategy to avoid liver and biliary ischemia-related complications due to the artery injury 
during pancreatoduodenectomy. With the increasing interest toward minimally-invasive approach for 
this operation, our is aim is to define how to cope with an aberrant right hepatic artery from the superior 
mesenteric artery during laparoscopic or robotic pancreatoduodenectomy.
Methods: A review of the literature through PubMed, Scopus, Cochrane Library, and Embase database 
search was realized with no time restriction up to January 15th, 2022. Non-English researches and articles 
without full-text available were excluded.
Key Content and Findings: Minimally-invasive pancreatoduodenectomy when an accessory or replaced 
right hepatic artery originates from the superior mesenteric artery is safe and feasible. Based on this 
literature review and our experience we defined some key factors to consider when performing a minimally-
invasive pancreatoduodenectomy in patients with an aberrant right hepatic artery. The first step to a safe 
procedure is represented by a precise anatomy definition followed by a meticulously planned intraoperative 
strategy to isolate the aberrant artery without inadvertent injuries. The most described approach toward the 
vascular aberrancy is conservative although ligations without reconstruction are described, especially when 
a modal hepatic artery is also identified. The tumor’s anatomy and its relationship with the aberrant artery 
deeply affect the possibility to adopt a conservative behavior. Some authors report angioembolization as a 
mean to stimulate liver hilar shunts opening before aberrant artery ligation without reconstruction but some 
ischemia-related complications are described.
Conclusions: The identification of an aberrant right hepatic artery from the superior mesenteric artery 
does not affect the outcomes of minimally-invasive pancreatoduodenectomy. A conservative approach is 
more suitable but it strictly depends on the proximity between the arterial variant and the tumor. The role 
and safeness of preoperative angiography and embolization needs to be further assessed.
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Introduction

Since its first description in 1994 by Gagner et al. (1), 
minimally-invasive pancreatoduodenectomy (MIPD) has 
represented one of the most challenging procedures in the 
setting of laparoscopic and then in robotic surgery. 

As a matter of fact, minimally-invasive (MI) approach 
increases the technical complexity to an intervention which 
is already burdened by moderate postoperative mortality 
and elevated postoperative morbidity (2-4). In spite of 
this, in the last three decades MIPD has gained increasing 
diffusion in tertiary centers and a growing number of 
studies on this topic have been published so far. As the 
interest toward MIPD grows, more attention is given to 
the management of some technical aspects that increase the 
intricacy of the procedure and interfere with the possibility 
to perform it laparoscopically.

The advantages of MIPD in postoperative and oncological 
outcomes are better than those obtained with the open 
approach (5-9) in term of shorter postoperative length of stay 
and accuracy in lymphadenectomy with similar mortality 
and overall survival, but a precise knowledge of the vascular 
anatomy is mandatory to avoid inadvertent vascular injury (10).

The vascular supply to liver is known to be often 
characterized by many possible anatomical variations (11) 
whose management must be mastered with ease by the 
pancreatic surgeon in either open or MI approach not 
only in order to obtain a R0 resection in case of a contact 
between the aberrant artery and the tumor but also to avoid 
any inadvertent injury to any aberrant hepatic artery.

An aberrant hepatic artery can be accessory or  
replaced (12). An accessory hepatic artery (aHA) is a 
vessel that arises from an uncommon origin and supplies a 
portion of the liver along with another hepatic artery. The 
embolization or surgical ligation of an aHA may have no 
consequence on the vascular supply to the liver.

A replaced hepatic artery (rHA) is a vessel that arises from 
an anomalous origin and supplies a portion of the liver, that is 
not supplied otherwise by any other artery. A careful evaluation 
before surgery is mandatory to identify this vascular variant in 
order to avoid any postoperative complications.

The aim of this manuscript is to resume the surgical 
strategy when performing a MIPD, based on a review of 
the current available literature and our experience, face to 
an aberrant right hepatic artery (RHA) arising from the 
superior mesenteric artery (SMA). We present the following 
article in accordance with the Narrative Review reporting 
checklist (available at https://dmr.amegroups.com/article/
view/10.21037/dmr-22-8/rc).

Methods

We conducted a review of the current literature till the 15th 
January 2022; the searched databases were Scopus, Embase, 
Pubmed and Cochrane library. Two authors (ACa, ACh) 
conducted the research independently. An additional hand-
on search in the references lists of the reviews identified 
on this subject completed the articles research (ME). Any 
disagreement in review process was solved by a third party 
(ER, AI), who supervised the review process.

All case series, cohort studies and case reports describing 
the preoperative strategy, intraoperative procedure, and 
outcomes after a robotic or laparoscopic PD in presence of 
an aberrant RHA originating from the SMA were included; 
moreover, articles describing peculiar preoperative strategies 
to menage the aberrant RHA before open PD were also 
included. Studies in non-English language or for whom the 
full-text was not available were excluded. The characteristics 
of the review process are summarized in Table 1.

Main body

Preoperative strategy

Aberrant RHAs are quite common and their identification 
before surgery is of paramount importance to set up the 
best surgical strategy to avoid any injury to arterial supply 
to the liver with consequent ischemia-related complications 
during MIPD. The most dreadful consequences of an acute 
partial ischemia of liver parenchyma consists in liver abscess 
and biliary ischemic complications; in addition, injury to 
hepatic arteries during surgery may be responsible for 
thrombosis or pseudoaneurysm formation that can lead to 
postoperative hemorrhage.

A recent study by Yan et al. (12) reporting anatomical 
definition of liver arterial supply based on contrast-
enhanced CT-scan, identified the presence of either an 
accessory RHA (aRHA) or a replaced RHA (rRHA) in 
33.6% of individuals. An aberrant RHA can have many 
different characteristics depending on its origin, its path 
toward the liver, and its eventual contact or invasion by the 
tumor. While an aRHA is defined as an additional RHA 
coexisting with a modal RHA, a rRHA originates from an 
unusual artery completely replacing the modal RHA. 

The preoperative precise definition of vascular anatomy 
for each single case represents the first step for a safe 
MIPD (13) and it is mainly assessed through contrast-
enhanced CT-scan. Even though triphasic CT-scan is 
easily accessible and has few contraindications, its most 
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evident drawback is represented by the fact that it does not 
provides dynamic imaging of the arterial vascular supply.

Although no study reports its application before MI and 
open PD with this target, angiography could be used to 
complement information obtained with CT-scan imaging. 
Through direct contrast injection followed by active image 
records, angiography permits to confirm the presence of 
vascular aberrancies; moreover, the dynamic visualization 
of the arterial flow gives additional information concerning 
which is the preferential path for the right hepatic lobe 
vascular supply. Furthermore, selective catheterization with 
temporary vascular occlusion or injection of the contrast 
agent under variable degrees of pressure can simulate what 
it would happen in case of aberrant RHA ligation with the 
eventual identification of arterial shunts through the hilar 
plate. Some authors have reported the use of preoperative 
angiography for aberrant RHA embolization before open PD. 
The cases reported by Ishikawa et al. (14), Cloyd et al. (15), 
and El Amrani et al. (16) describe the successful embolization 
of a rRHA originating from the SMA in a total of 5 
patients. The aim of this procedure was to stimulate arterial 
shunts formation in order to perform PD with aberrant 
RHA ligation without compromising liver arterial supply. 
Shunts’ opening was confirmed by preoperative CT-scan 
3 weeks after angioembolization with no evidence of liver 
ischemia in any of the included patients. Only in one study, 
right liver lobe revascularization through arterial shunts 
was confirmed only with an immediate post embolization 
angiography. No embolization and postoperative related 
ischemia complications were reported. The largest case 
series on this subject, however, is a bi-centric cohort 

retrospective study by Marichez et al. (17) that describes 
the results of 16 preoperative angioembolization of a rRHA 
before laparotomic PD with rRHA ligation. All patients 
received a triphasic CT-scan one day after angioembolization 
confirming adequate right liver vascularization. 

Intraoperative strategy

Once vascular anatomy is correctly defined, the initial 
intraoperative attitude should be centered on the 
identification and isolation of the aberrant RHA.

Most of the descriptions of MIPD in presence of this 
anatomical peculiarity delineate a posterior approach with 
rapid identification of the SMA as the most suitable strategy 
in this situation (18-23). The intervention starts with a full 
Kocher maneuver and the exposition of the inferior vena 
cava. Then, the left renal vein is isolated and the SMA is 
isolated at its origin from the aorta. This, in turn, allows 
to recognize any possible aberrant artery arising from the 
SMA avoiding its inadvertent ligation. Once the origin of 
the aberrant RHA is isolated, the next step is to identify it 
distally in the hepatic pedicle. The access to the aberrant 
RHA in the liver hilum is gained isolating and dividing the 
common bile duct, usually after the cholecystectomy. The 
artery is then encircled in the liver pedicle and then fully 
mobilized avoiding any manipulation and traction that can 
lead to subsequent thrombosis. PD can be then completed 
with the division of the stomach and the first jejunal loop, 
pancreatic body division above the superior mesenteric vein 
and pancreatoduodenal bloc resection. The preemptive 
identification of the variant RHA helps reducing possible 

Table 1 Characteristics of the review process

Item Specification

Date of search Jan. 16, 2022

Database and other sources searched Scopus, Embase, PubMed, Cochrane Library

Search terms used PubMed: “((pancreatoduodenectomy) OR (duodenopancreatectomy)) AND ((laparoscopic) OR 
(robotic) OR (minimally-invasive)) AND (right) AND ((accessor*) OR (replac*)”

Timeframe No time restrictions up to Jan. 15, 2022

Inclusion and exclusion criteria Inclusion criteria: cohort studies, case series and case reports describing pre- and 
intraoperative strategy and outcomes after MIPD in presence of an aberrant RHA arising from 
the SMA

Exclusion criteria: non-English literature; no full-text available

Selection process ACa and ACh performed the database search, ME performed an additiona hand-on search, 
ER and AI supervised the review process and solved review disagreements
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unintentional lesions and leaves the possibility to take the 
best choice in terms of surgical strategy with regard to the 
artery.

Nguyen et al. (24) were the first to publish their experience 
of MIPD in the presence of an aberrant RHA. In a cohort of 
30 patients with vascular anomalies undergoing robotic PD, 
15 were found to have a rRHA from the SMA. A conservative 
approach toward the aberrant RHA was applied in all cases 
and no differences in postoperative and oncological outcomes 
were identified comparing patients with and without vascular 
anomalies. The same results were reported by Wang  
et al. (25) in 58 patients with an aRHA or rRHA undergoing 
a laparoscopic PD with preservation of the aberrant artery. 
No differences in term of conversion rate, intraoperative 
outcomes such as operative time and estimated blood loss, 
post-PD complications, number of harvested lymph nodes, 
and R0 resection margins was also highlighted by Kim  
et al. (26) when comparing patients with aberrant RHA to 
patients with normal vascular anatomy undergoing robotic 
PD. In this cohort, 11 patients underwent successful rRHA 
conservative management while 2 out of 4 with an aRHA 
needed aberrant RHA ligation and division; one of them 
experimented an initial postoperative increase in liver 
enzymes that rapidly normalized with no other complications.

Considering oncological outcomes in the setting of MIPD 
in patients with vascular anomalies, Giani et al. (27) identified 
a significant increased median number of harvested lymph 
nodes in the aberrant vascular group compared to the modal 
vascular anatomy group. They analyzed 9 patients with 
a rRHA and 1 with an aRHA from the SMA undergoing 
laparoscopic PD but did not report how the aberrant 
arteries had been managed. Lastly, Zhang et al. (28) in their 
comparative study including 22 patients with aberrant RHA 

(12 aRHA and 10 rRHA), found a significant increased 
operative time for this patient compared to those with a 
modal anatomy. The increased operative time was related to 
the time spent to spare the RHA arising from the SMA.

Focusing on the necessity to resect or conserve the 
aberrant RHA, although the most frequently described 
behavior is conservative, the anatomy of the tumor deeply 
affects the choice. In a cohort of 25 patients with a rRHA 
undergoing laparotomic PD, Okada et al. (29) report a 
significantly different rate of R0/R1 margins depending 
on the distance between the tumor and the aberrant RHA 
with an increased incidence of R1 margins for tumors with  
≤10 mm interspace between the tumor and the rRHA. 

Key factors for a safe MIPD

Many studies have already demonstrated that MIPD is 
feasible with comparable results with open PD (5,6). The 
presence of a trained laparoscopic surgeon in the setting 
of a tertiary center and a careful selection of patients are 
the most important factors that affect the outcomes of 
this demanding procedure (30-32). Although few studies 
concerning this subject have been published, anatomical 
variations such as aberrancies in the liver vascular supply 
does not seem to influence the results of MIPD.

Based on current literature and our experience, we 
developed a list of key factors that should be considered 
when planning a MIPD in presence of an aberrant RHA 
arising from the SMA (Table 2).

The first step is distinguishing between an aRHA and a 
rRHA; the existence of a modal RHA leaves the possibility 
to the pancreatic surgeon to perform the aRHA ligation 
without reconstruction with a reduced risk to develop 
postoperative ischemia-related complications. This reduces 
the complexity and operative time of the surgical procedure 
and the risk of a R1 resection margin if a conservative 
approach is preferred in case of a tumor in contact with the 
aberrant artery. Contrast-enhanced CT-scan is a widely 
diffused imaging test that associates rapidity and accuracy 
in identifying vascular anomalies of the liver arterial  
supply (33). Apart from discriminating between an aRHA 
and a rRHA, CT-scan precisely define other anatomical 
features that can influence the preoperative and intra-
operative attitude. Firstly, although aRHA and rRHA 
most commonly originates from the SMA, aberrant RHAs 
originating from other vessels such as the gastroduodenal 
artery, the celiac trunk or the aorta are also documented (12); 
the preoperative assessment of the arterial anatomy is of 

Table 2 Key factors to consider when performing a MIPD with an 
aberrant RHA arising from the SMA

Accessory or replaced RHA

RHA from SMA, CT, GDA or aorta

Presence of an accessory or replaced LHA 

Diameter of the aberrant artery

Diameter of an eventual proper RHA

Tumor encasement of the artery

Distance of the tumor from the aberrant artery

MIPD, minimally-invasive pancreatoduodenectomy; RHA, right 
hepatic artery; SMA, superior mesenteric artery; CT, celiack trunk; 
GDA, gastroduodenal artery.
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mainstay importance as it reduces the risk of an inadvertent 
vascular injury. Moreover, the anatomical aberrancies 
involving the left hepatic artery (LHA) are also frequently 
reported and the coexistence of an anatomical variation 
of both RHA and LHA can be found in 4–8% of patients 
(12,34,35). This eventuality represents a pitfall for many 
reasons: a double aberrancy logically increases the risk to 
determine a severe liver ischemic damage in case of injury 
or necessity to perform resection of one or both of liver 
arteries; a conservative management is of further complexity; 
a second anatomical aberrancy adds another element whose 
management must be considered not to compromise the 
radicality and to guarantee the best oncological results to 
the patient. On the other hand, an accessory LHA could 
partially provide for arterial supply compensation in case of 
aberrant RHA ligation without reconstruction.

Another anatomical  main aspect to consider is 
represented by the caliber of the arteries. When the 
preoperative imaging and the intraoperative assessment 
show that the aberrant artery has a little caliber, especially 
if it is an aRHA, its ligation can be considered less risky for 
the liver irroration.

If arterial reconstruction is needed in case of a large 
caliber RHA arising from the SMA to avoid an unduly 
ischemic injury, laparotomic conversion to perform the 
anastomosis is suggested.

Finally, one more factor that must be considered when 
conducting a MIPD is the tumor anatomy. The necessity 
to perform a ligation and division of a previously identified 
aberrant RHA often depends on its relationship with the 
tumor. The more the distance between them is reduced, the 
more increases the risk of a marginal oncological status in 
case of a conservative approach with the only study published 
on this topic setting the cut-off at 10 mm (29). On the other 
hand, the eventual encasement of the aberrant artery by the 
tumor can induce the progressive formation of arterial shunts 
and make its ligation without reconstruction safe.

A flow-chart on the preoperative and intraoperative 
management of MIPD is proposed (Figure 1).

Conclusions

MIPD in case of aberrant RHA originating from the SMA 
is safe and feasible provided that an adequate anatomical 

Figure 1 Preoperative and intraoperative management of pancreatic tumor in MIPD. MIPD, minimally invasive pancreatoduodenectomy; 
aRHA, accessory right hepatic artery; rRHA, replaced right hepatic artery; PEA, preoperative embolization; US, ultrasound; PASC, 
preoperative angiography with selective catheterization.

Aberrant RHA during MIPD

Contrast-enhanced CT-scan

Liver flow preserved Liver flow affected

if tumor involvement 
distance <1 cm

PEA +/− 
 intraoperative ligation

if no tumor involvement 
distance >1 cm

Surgical dissection 
without ligation

if tumor involvement 
distance <1 cm

PASC +/− 
 intraoperative Clamp test 

+ Hepatic Doppler US

PEA +/− 
intraoperative ligation 
without reconstruction

Surgical ligation 
with anastomotic 
reconstruction in 

laparotomy

if no tumor involvement 
distance >1 cm

Surgical dissection 
without ligation

aRHA rRHA
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identification of the artery and its relationship with 
the tumor is performed. Contrast-enhanced CT-scan 
has satisficing accuracy for this purpose but it lacks the 
advantages of a dynamic imaging test. More studies are 
needed to evaluate the benefits of angiography in assessing 
the contribution of the aberrant artery to the whole liver 
irroration and in performing an angioembolization to 
induce shunts opening before vascular ligation.
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