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ABSTRACT

Background: Loco-regional invasion is not uncommon in a patient diagnosed with a pancreatic

cancer. A negative resection margins pancreatectomy represents the most important 

determining factor of survival in patients resected for pancreatic adenocarcinoma. Thus, in order

to increase resectability in such patients, extended pancreatectomies were proposed in so-called

borderline resectable tumors, including venous, arterial or other surrounding organs removal.

Case presentation: A 52-year old male, with pancreatic head cancer invasive into the portal

vein and replaced right hepatic artery (rRHA)(from superior mesenteric artery), underwent

pancreatico-duodenectomy (PD) with portal vein resection and reconstruction, segmental

resection of the rRHA and associated right hemi-hepatectomy.

Results: The postoperative outcome was remarkably uneventful except for a self-limited

minor bile leak. Negative resection margins of the operative specimen were observed at

pathological examination.

Conclusion: Proper assessment of the presence and course of a rRHA prior to PD is mandatory

for a safe surgery. Invasion of the rRHA is not a contraindication for resection in a patient with

pancreatic head cancer and should be included among the borderline resection criteria.

Associated right hemi-hepatectomy is a safe option for such a patient in order to achieve nega-

tive resection margins. 

Key words: pancreatic cancer, replaced right hepatic artery, pancreatico-dudenectomy, hemi-

hepatectomy

INTRODUCTIONINTRODUCTION

Pancreatic adenocarcinoma (PA) is an important healthcare problem world-

wide: the fourth leading cause of cancer related death in the United States (1)

and the fifth leading cause of cancer related death in Europe (2).
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Surgery (i.e. resection) represents the only chance

for a long-term survival, but over 80% of the patients

with PA are diagnosed when unresectable (3).

Moreover, studies have shown that survival rates are

significantly higher in patients with locally-advanced PA

and resection, when compared with the non-resected

patients (4,5). Nevertheless, a negative resection 

margins pancreatectomy represents the most impor-

tant determinant of the survival in patients resected

for PA (6). Loco-regional invasion is not uncommon in

patients with PA (1). In order to increase resectability in

such patients, extended pancreatectomies were pro-

posed, including venous, arterial or other surrounding

organs removal (5). The borderline resection criteria

for selecting these patients include the involvement of

portal and superior mesenteric veins, and/or hepatic,

superior mesenteric and celiac arteries. 

Portal vein invasion no longer contraindicates

resection in patients with PA if the venous recon-

struction is technically feasible (5,7). However, an

increased morbidity should be expected if venous

resection is performed, compared with the patients

without a portal vein resection (8). Furthermore,

patients with a histological proof of venous invasion

have significantly worse survival rates, compared

with the patients without portal vein resection (8),

but much better compared with the non-resected

patients (5).

Arterial resections in a patient with PA have been

demonstrated to be technically feasible and safe

(9,10). Arterial resections during pancreatectomies

are considered controversial in terms of benefits

because of very high morbidity and mortality rates,

mainly associated with the arterial reconstruction

(11). However, recent studies have shown potential

survival benefits for pancreatectomies with arterial

resection for PA (12).

A replaced right hepatic artery (rRHA) arising from

the superior mesenteric artery (SMA) is a relatively 

frequent anatomical variant (13) and might change the

surgical strategy in patients submitted for pancreatico-

duodenectomy (PD). Thus, a posterior approach might

be useful to avoid the rRHA injuries during PD (14).

However, in patients with PA invading the rRHA, in

order to achieve negative resection margins, arterial

resection is mandatory. Resection of the rRHA during

PD has the potential to increase the morbidity rate and

to determine liver ischemia, necrosis and sepsis. 

Hereby, are presented the surgical strategy and

outcomes of a patient with PA of the pancreatic head

with portal vein and rRHA invasion.

CASE REPORTCASE REPORT

A 52-year old male, with a history of chronic hepa-

titis C, presented a two months history of jaundice and

weight loss (6 kg). The blood analysis showed cholesta-

sis (total bilirubin = 10 mg/L) and slight cytolysis (ALAT=

158U/l; ASAT = 106 U/l); the serum carbohydrate 

antigen level (CA 19-9) was elevated (369.7 U/mL), and

the carcinoembryonic antigen (CEA) was normal (2.1

ng/mL). 

Ultrasound, endoscopic ultrasound, cholangio-

magnetic resonance (fig. 1) and abdominal contrast

enhanced computed tomography (fig. 2), showed a 2/2

cm cephalic pancreatic tumor, dilated intrahepatic and

extrahepatic bile ducts (diameter of 23 mm), dilated

Wirsung (diameter of 3-4 mm), arterial anatomical 

variation - rRHA (2.5 mm in caliber) originating from the

SMA, enlarged (non-tumoral) celiac, inter-aorto-caval

and hepatic hilum lymph nodes. The tumor was very

close to the portal vein and was invasive into the rRHA

(fig. 2). No distant metastases were observed at the

preoperative imaging examinations. The tumor was 

initially considered as unresectable in another unit.

Therefore, a biliary stent was placed as palliative 

jaundice treatment, which was functional for only two

weeks, and was consequently replaced, but without

jaundice remittance. For this reason, the patient was

referred to our center. Liver volumetry showed that the

right hemi-liver represented 50% of the total liver 

volume.

The patient was discussed at the oncology multi-

disciplinary board and considered to have a borderline

resectable PA, and was therefore scheduled for surgery. 

The intraoperative diagnosis was pancreatic head

Figure 1 - Cholangio-magnetic resonance showing dilated 

intrahepatic and extrahepatic bile ducts, along with an enlarged

Wirsung duct, both latter ones ending in an abrupt manner 

(“double duct sign” – white arrow)
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tumor invading the distal bile duct, the rRHA and the

portal vein. Consequently, a Whipple PD was per-

formed associated with segmental portal resection,

segmental resection of the rRHA (at 2 cm after its

origin) and consecutive right hemi-hepatectomy 

(fig. 3). The hepatectomy was performed using the

anterior approach and intraoperative ultrasound

guidance, in order to preserve as much viable 

Figure 2 - Preoperative abdominal contrast enhanced computed tomography showing: a. the pancreatic head tumor (*) and the biliary

stent (arrow); b. portal vein (arrow) and replaced right hepatic artery (arrowhead) in close contact with the tumor

Figure 3 - Intraoperative aspects after pancreatico-duodenectomy with segmental resection of the portal vein with 

end-to-end anastomosis, segmental resection of the replaced right hepatic artery and right hemi-hepatectomy: 

a) proximal stump of the replaced right hepatic artery showed by the tip of the clamp, end-to-end portal anastomosis 

(arrow), inferior mesenteric vein (arrow head), and splenic vein (*); b) distal stump of the replaced right hepatic artery 

(indicated by the tip of the clamp), pancreatic stump (arrow); c) remnant liver and cut surface area after 

right hemi-hepatectomy; note the difference between the cut surface and the Cantlie’s line (arrow); d) remnant liver 

attached to the anterior abdominal wall using the falciform ligament (arrow), in order to avoid torsion of the hepatic veins
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remnant liver as possible (fig. 3). The portal reconstruc-

tion was performed in an end-to-end tension-free 

fashion, between the distal portal stump and the 

confluence of the inferior mesenteric and splenic veins.

Graft inter-positioning was avoided by sectioning 

the right portal vein (step included in the hemi-

hepatectomy technique), thus obtaining the elongation

of the distal portal stump. Furthermore, the reconstruc-

tion continued with an end-to-side Wirsungo-jejunal

duct-to-mucosa anastomosis (protected by an internal

stent), end-to-side hepatico-jejunal anastomosis, and

end-to-side gastro-jejunal anastomosis. The operative

time was 540 min. The intraoperative blood loss was

approximately 800 ml; one unit of blood was trans-

fused.

The pathological examination of the operative

specimen (fig. 4) showed a well-differentiated 

pancreatic ductal adenocarcinoma with one retro-

pancreatic lymph node metastasis –  pT3, pN1, cM0,

V1, A1 (stage IIbTNM); resection margins were 

considered as negative. 

The postoperative outcome was remarkably

uneventful except for a minor bile leak, remitted after

conservative treatment. On the postoperative day 12,

a contrast enhanced computed tomography was 

performed, which showed no significant abnormalities

(fig. 5).

The patient was discharged on the postoperative

day 20 (the prolonged hospitalization was required

for the conservative treatment of the bile leak), with 

regular 3-months follow-up (normal CA19-9,CEA and

abdominal ultrasound). The patient currently under-

goes adjuvant chemotherapy (gemcitabine and 

oxaliplatin – 4 series). 

DISCUSSIONDISCUSSION

Approximately one third of the patients diagnosed

with PA have a regional-only disease (i.e., tumors with

loco-regional invasion into the main vessels, without

distant metastases). A subgroup of these patients is

suitable for resection (1), and is classified as border-

line resectable according to the criteria defined by the

International Study Group of Pancreatic Surgery,

based on the involvement of the surrounding main

vessels (7). However, anatomical variants, such as

rRHA arising from SMA, were not taken into 

consideration; in our opinion, this presentation should

also be defined as a borderline resectable criterion.

A borderline resectable PA involves an extended

pancreatectomy in order to achieve negative resection

margins, as it was the case in the above presented

patient, where the PD was extended to portal vein

Figure 4 - Pancreatico-duodenectomy for pancreatic head 

adenocarcinoma (indicated by the tip of the clamp)

Figure 5. Postoperative abdominal contrast enhanced computed tomography showing the well-vascularized remnant liver (a) and regular

remnant pancreas (b)

a b
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resection and reconstruction, and to rRHA resection

associated with right hemi-hepatectomy.

An extended pancreatectomy is widely accepted to

have an increased morbidity rate, compared with the

standard pancreatectomies, but the long-term survival

rates are comparable (4). However, there are also 

studies that have shown no increased morbidity rates

after an extended pancreatectomy, compared with the

standard pancreatectomy, but extended pancreatec-

tomies for PA were associated with worse survivals (15).

Currently, there is no consensus regarding the

appropriate management of patients with borderline

resectable PA. Thus, some surgical teams prefer an 

up-front surgery (16), while others start with a neo-

adjuvant treatment (17). The International Study Group

for Pancreatic Surgery does not support the routine

neoadjuvant therapy for borderline PA, if technical

options of resections are possible (7). However, a recent

meta-analysis has suggested that patients with border-

line PA should be included in neoadjuvant protocols

(18). In the above presented patient, a neoadjuvant

treatment was not feasible because the jaundice could

not be released by the endoscopic stent mount.

Regarding the impact of the portal vein resection

associated with pancreatectomies for PA, a recent

meta-analysis has shown increased mortality rates and

worse survivals, compared with pancreatectomies

without portal vein resection (19).

Some studies have shown that an accessory or rRHA

can be encountered in up to 20% of patients during PD

(20,21,22), similar to the general population according

Michels’ classification (Type III) (23). Special care must

be taken in detecting such arterial anomaly, as it can

pass undetected at preoperative imaging in 33% to 64%

of cases (24,25). According to the course of the rRHA in

relation to the pancreas, there are three types: type I

(postero-lateral to the pancreatic head), type II (intra-

pancreatic) and type III (within the superior mesenteric

vein groove) (20). In the above presented patient, the

rRHA could be classified as type I (invaded by the 

pancreatic tumor). The course of rRHA in patients

scheduled for PD should be properly assessed by the

preoperative multidetector row computed tomography

examination (26), because inadvertent division of rRHA

leads to ischemic lesions of the right hemiliver and the

proximal bile duct (which receives its blood supply

almost entirely from the RHA), with subsequent

necrotic and septic complications.

Invaded rRHA is encountered in 2.7% to 20.7% of

patients with PA scheduled for PD. (22,27) Resection

of rRHA resection during PD has been previously 

documented in a limited number of patients (21,24,

25,28,29,30,31). In order to avoid ischemic liver

injuries, most of the surgical teams prefer arterial

reconstruction after rRHA resection during PD (21,

24,25,28). To date, there is no consensus about the

cut off caliber from which rRHA should be repaired.

Short segments of hepatic artery encased by tumor

have been successfully resected and reconstructed

by either primary anastomosis or reversed saphenous

vein interposition graft (32). Another technical option

is to anastomose the distal stump of the resected

rRHA to the stump of the gastroduodenal artery, to

the splenic artery (in an end-to-end or end-to-side

fashion) using a saphenous vein jump graft (27), or to

the middle colic artery (33). Another option for vein

graft could be the gonadal vein (34). There is no data

available on the complication rate after rRHA recon-

struction. However, it is known that the complication

rate in microsurgical arterial reconstruction using

interposed venous graft varies between 3% and 8%.

Moreover, hepatic artery with caliber less than 3 mm

is a factor related to significantly higher complication

rate in living donor liver transplantation (35); the

rRHA in the presented case had a maximum caliber

of 2.5 mm.

Embolisation of the rRHA prior to PD is an inter-

esting, safe and effective alternative for preventing

liver ischemic injuries in such cases, but the limited

experience does not recommend it as a standard

procedure (29,30). Ligation of the rRHA during PD

has been also reported (24), but the risk of post-

operative liver ischemic injuries is high.

To the best of our knowledge, the above reported

patient is the first one in the literature with a 

combined PD and right hemi-hepatectomy for a PA

invasive into the rRHA. The feasibility and safety of the

combined pancreatectomy and hepatectomy has been

previously demonstrated (36), but there is a limited

number of patients reported in the literature (36,37).

Simultaneous liver resection and PD for oncologic HPB

diseases is a procedure that is rarely performed, with

only 1% of HBP cases in the USA, less than 400 cases

reported from Asia, and about 100 cases reported in

Europe (37). However, a recent study has shown that

patients with synchronous PD and hemi-hepatectomy

may have very high morbidity and in-hospital mortality

rates (87.5% and 18.2%, respectively) (37). Never-

theless, the morbidity and mortality rates after 

combined pancreatectomies and hepatectomies

appear to be lower, compared with pancreatectomies

with arterial resection and reconstruction (mortality 

0-18.2% vs. 0-45.5%; morbidity 3-87.5% vs. 16.7 -

100%) (11,36,37). This latter data, in addition to liver
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volumetry, were taken into consideration in the above

presented patient, when a right hemi-hepatectomy was

considered instead of an arterial reconstruction.

Moreover, the length of the resected portion of the

rRHA and the small vessel diameter (fig. 3 a and b),

involving elaborate microsurgical reconstruction with

high risk of complications, were further factors that

were taken into consideration when an arterial recon-

struction was ruled out in this case.

A fact that is worth mentioning is that the right

hemi-hepatectomy (by dividing the right portal vein)

favored a tension-free portal vein reconstruction with-

out graft inter-positioning, which decreased the risk of

intraoperative complications and postoperative mor-

bidity. So, in this particular case, if rRHA reconstruction

would have been performed, portal vein reconstruction

using interposed graft would have had to be carried

out, too; this scenario involved a high risk of complica-

tions, and was therefore avoided.

CONCLUSIONCONCLUSION

Proper assessment of the presence and course of a

rRHA prior to PD is mandatory for safe surgery. Invasion

of the rRHA is not a contraindication for resection in a

patient with PA of the pancreatic head, and should be

included among the borderline resection criteria.

Associated right hemi-hepatectomy is a safe option for

such a patient in order to achieve negative resection

margins. 
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