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Portal vein arterialization as a salvage procedure 
in hepatopancreatobiliary surgery: a systematic 
review

Background: Portal vein arterialization (PVA) is a possible option when hepatic 
artery reconstruction is impossible during liver resection. The aim of this study was to 
review the literature on the clinical application of PVA in hepatopancreatobiliary 
(HPB) surgery.

Methods: We performed a systematic review according to the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. We 
systematically searched the PubMed, Embase and Web of Science databases until 
December 2019. Experimental (animal) studies, review articles and letters were 
excluded.

Results: Twenty studies involving 57 patients were included. Cholangiocarcinoma 
was the most common indication for surgery (40  patients [74%]). An end-to-side 
anastomosis between a celiac trunk branch and the portal vein was the main PVA 
technique (35  patients [59%]). Portal hypertension was the most common long-
term complication (12 patients [21%] after a mean of 4.1 mo). The median follow-
up period was 12 (range 1–87) months. The 1-, 3- and 5-year survival rates were 
64%, 27% and 20%, respectively.

Conclusion: Portal vein arterialization can be considered as a rescue option to 
improve the outcome in patients with acute liver de-arterialization when arterial 
reconstruction is not possible. To prevent portal hypertension and liver injuries due 
to thrombosis or overarterialization, vessel calibre adjustment and timely closure of 
the anastomosis should be considered. Further prospective experimental and clinical 
studies are needed to investigate the potential of this procedure in patients whose 
liver is suddenly de-arterialized during HPB procedures.

Contexte  : L’artérialisation de la veine porte (AVP) est une option envisageable 
lorsqu’il est impossible de reconstruire l’artère hépatique au moment d’une résection 
du foie. Le but de cette étude était de faire le point sur la littérature concernant 
l’application clinique de l’AVP en cours de chirurgie hépatopancréatobiliaire (HPB).

Méthodes  : Nous avons procédé à une revue systématique selon les directives 
PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses). 
Nous avons interrogé systématiquement les bases de données PubMed, Embase et 
Web of Science jusqu’à décembre 2019. Les études expérimentales (chez l’animal), les 
articles de synthèse et les lettres ont été exclus.

Résultats : Vingt études regroupant 57 patients ont été incluses. Le cholangiocarci-
nome était la plus fréquente indication de la chirurgie (40 patients [74 %]). L’anasto
mose terminolatérale d’une branche du tronc cæliaque avec la veine porte a été la 
principale technique d’AVP (35 patients [59 %]). L’hypertension portale a été la plus 
fréquente complication (12 patients [21 %] après une moyenne de 4,1 mois). Le suivi 
médian a été de 12 mois (éventail, 1–87 mois). Les taux de survie moyens à 1, 3 et 
5 ans ont été de 64 %, 27 % et 20 %, respectivement.

Conclusion  : L’artérialisation de la veine porte peut être considérée comme une 
option de dernier ressort pour améliorer l’état des patients victimes d’une désartériali-
sation hépatique aiguë lorsque la reconstruction artérielle est impossible. Pour 
prévenir l’hypertension portale et les lésions au foie dues à la thrombose ou à 
l’hyperartérialisation, il faut veiller à ajuster le calibre vasculaire et fermer rapidement 
l’anastomose. D’autres études expérimentales et cliniques prospectives s’imposent afin 
d’analyser le potentiel de cette intervention chez les patients dont le foie se trouve 
subitement désartérialisé durant une chirurgie HPB.
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O ver the past decade, surgical developments, bet-
ter patient selection and advances in periopera-
tive management have increased the rate of liver 

resection for benign and malignant liver lesions.1,2 
Although liver resection is considered the preferred 
treatment in patients with liver tumours and metastases, 
only 20% of malignant hepatic lesions are resectable.3,4 
The remaining lesions are often considered unresectable 
because of lesion numbers, anatomic location of the 
tumour (with or without vascular invasion) or insuffi-
cient remnant liver function.5 According to data from 
the US National Cancer Institute, the reported 1- and 
5-year overall survival rates for patients with Klatskin 
tumours are 40.6% and 9.1%, respectively, with a 
median survival of 7  months.6 Although these data 
showed that patients with cholangiocarcinoma who were 
treated surgically had significantly better outcomes than 
those who did not undergo surgery,6 resection, especially 
of perihilar cholangiocarcinoma, is limited when lesions 
abut the hepatic artery or when arterial branches of the 
future remnant liver need to be excised.7 Moreover, 
iatrogenic and arterial thrombotic complications in the 
future remnant liver can influence the postoperative 
morbidity and mortality rates among patients who 
undergo liver resection.8,9

The hepatic artery carries 25% of blood flow to the 
liver but supplies 50% of the hepatic oxygen demand.10 
The remaining 75% of blood flow entering the liver is 
delivered by the portal vein.11 If the liver becomes sud-
denly hypoxic owing to resection, thrombosis or iatro-
genic injury of the hepatic artery, reconstruction of the 
hepatic artery is necessary to prevent damage to the intra-
hepatic biliary tract and subsequent hypoxic liver 
injury.8,9,12 If the hepatic artery cannot be reconstructed, 
arterialization of the portal vein is a rescue option that 
may improve hepatic inflow and oxygenation of the biliary 
tract.13,14 Supplying the de-arterialized liver with arterial 
blood flow through the portal vein is called portal vein 
arterialization (PVA).

Initially, PVA was used with the portacaval shunt to 
reduce postshunt encephalopathy in patients with hepatic 
cirrhosis and portal hypertension.15 Later, it was used as a 
bridge to retransplantation in orthotopic and auxiliary liver 
transplantation.14,16,17 In 1992, Iseki and colleagues18 
described a feasible PVA technique in 2 de-arterialized 
livers during pancreatoduodenectomy and total pancrea
tectomy. Portal vein arterialization has recently been used 
as a rescue procedure in hepatopancreatobiliary (HPB) 
surgery when hepatic artery reconstruction was not possi-
ble for oncologic reasons or because of technical limita-
tions.19,20 In these patients, PVA improved hepatic oxygen-
ation and inflow.13,14

The aim of the present study was to perform a system-
atic review of the literature on the clinical application of 
PVA as a salvage procedure in HPB surgery.

Methods

This systematic review was performed according to the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines.21

Search strategy

To identify relevant articles published until December 
2019, we carried out a systematic search of the PubMed, 
Embase and Web of Science databases using the following 
keywords: (“portal vein oxygenation” OR “oxygenation of 
portal vein” OR “oxygenation of the portal vein” OR 
“portal vein arterialisation” OR “portal vein arterializa-
tion” OR “arterialisation of portal vein” OR “arterializa-
tion of portal vein” OR “arterialisation of the portal vein” 
OR “arterialization of the portal vein” OR “arterio-portal 
shunt” OR “arterioportal shunt”) AND (“liver resection” 
OR “hepatectomy” OR “trisegmentectomy” OR “lobec-
tomy” OR “segmentectomy” OR “trisectorectomy” OR 
“hepatic resection” OR “resection of the liver” OR “resec-
tion of liver” OR “pancreaticojejunostomy” OR “pancrea
tectomy” OR “whipple” OR “pancreaticoduodenectomy” 
OR “duodenopancreatectomy”). We also screened the 
reference lists of relevant articles for additional eligible 
studies.

Study selection and data extraction

Two authors (O.G. and E.K.) independently screened all 
titles and abstracts to identify potentially eligible studies 
and available full-text articles. All relevant full-text articles 
were reviewed by A. Majlesara and M.G., who independ
ently appraised the articles, extracted the data and assessed 
the reliability of the data. Any disagreement was resolved 
by discussion with the senior authors (K.H., D.-H.C. and 
A. Mehrabi).

Eligibility criteria

Studies were included according to the following criteria:
•	 Population: patients who had undergone HPB surgery 

and PVA
•	 Intervention: PVA as an alternative or rescue treatment 

to provide the arterial supply in HPB surgery
•	 Outcomes: morbidity and mortality
•	 Study design: all study types that reported intra- or 

postoperative patient outcomes following HPB surgery 
with PVA.
To prevent data repetition, we reviewed articles care-

fully and excluded double publications, review articles, 
and overlapping and inappropriate reports. In addition, 
experimental studies including animal subjects were 
excluded. However, to clarify certain issues, such as 
pathophysiologic changes after PVA, that, to our 



REVIEW

	 Can J Surg/J can chir 2021;64(2)	 E175

knowledge, have not been investigated in clinical stud-
ies, we also reviewed experimental studies.

Quality assessment

Two authors (A. Majlesara and O.G.) assessed the method-
ologic quality of the included studies independently using 
the Newcastle–Ottawa Scale and the quality-assessment 
tool of Murad and colleagues.22

Statistical analysis

Outcomes were presented as published originally or were 
calculated from the reported raw data if possible. Quantita-
tive data were presented descriptively as mean (and stan-
dard deviation [SD]) or median values with percentages or 
ranges. We used the Kaplan–Meier method to analyze 1-, 
3- and 5-year survival. Four cases in which follow-up was 
not reported were excluded from the survival analyses. The 
statistical analysis was performed with SPSS 25 (Stata-
Corp) for Windows.

Results

The literature search retrieved 306 articles. After dupli-
cate records were excluded, 20 eligible clinical stud-
ies  that reported the use of PVA in HPB surgery 
(not  including liver transplantation) were identi-
fied.13,14,18–20,23–37 These studies, which were published 
between 1992 and 2016, were included in the systematic 
review (Figure 1). The literature review did not identify 
any prospective studies or randomized controlled trials. 
Eleven of the included studies were case reports, and 9 
were case series with a median sample size of 3.5 (range 
2–18). Based on the quality-assessment tool of Murad 
and colleagues,22 15  studies were of good qual-
ity,13,14,18–20,23,25–30,33,34,36 4 were of intermediate qual-
ity,31,32,35,37 and 1 was of low quality.24

A total of 57  patients underwent HPB surgery and 
PVA. The age and gender of 1 patient,28 and the age, gen-
der and diagnosis of 3 patients24 were not mentioned in 
2  publications. The remaining 53  patients were aged 
33–81 years. Thirty-four patients (64%) were men, and 19 
(36%) were women. Most patients (40 [70%]) were diag-
nosed with cholangiocarcinoma (extrahepatic in 34 and 
intrahepatic in 6) (Table 1). Forty-six  patients (81%) 
underwent liver resection, 9  patients (16%) underwent 
pancreatic resection, 1 patient (2%) underwent multiple 
aneurysm resection, and 1  patient (2%) underwent 
schwannoma resection (Table 2).

Indications for portal vein arterialization

The reasons for performing PVA during HPB surgery 
were de-arterialization of the liver owing to excision of 

lesions that abutted the hepatic artery (32 patients [56%]), 
hepatic artery ligation (11 [19%]), hepatic artery throm-
bosis (6 [10%]), iatrogenic hepatic artery injury (4 [7%]) 
and failure to reconstruct the hepatic artery after resection 
(4 [7%]). Portal vein arterialization was performed as pri-
mary and secondary salvage surgery in 31 patients (54%) 
because the hepatic artery was injured or obstructed. In 
the remaining 26 patients (46%), PVA was reported to be 
planned because the hepatic artery could not be recon-
structed (Table 1).

Surgical techniques

Three different PVA techniques were described in the 
included studies: use of celiac trunk branches (i.e., com
mon hepatic, gastroduodenal, hepatic and celiac arteries), 
use of mesenteric vascular branches and use of a jump 
graft. For use of celiac trunk branches, an end-to-side 
anastomosis between one of the celiac trunk branches 

Fig. 1. Flow diagram showing selection of articles for systematic 
review.
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and the portal vein was the main PVA approach (Figure 
2A and 2B). The common hepatic artery was used when 
both the right and left hepatic arteries were resected, and 
the gastroduodenal artery was used when the left hepatic 
artery was preserved.20,36 This method was used in 
35  patients (59%) when the hepatic artery was resected 
because of lesion invasion (Table 2). If possible, an anas-
tomosis should be created between the celiac trunk 
branches and portal vein initially.14,20,36 In the included 
studies, if the celiac trunk branches could not be used 
because they were obstructed, had a small stump or were 
lying deep in the hilum, the surgeons performed PVA 
using the mesenteric vascular branches or an arterial 
jump graft.14

Portal vein arterialization has also been performed 
by means of an anastomosis between the mesenteric 
vascular branches (such as the ileocolic, ileal or jejunal 

artery) and the mesenteric vein branch14,18,19 (Figure 
2C). Portal vein arterialization was performed with this 
method in 20  patients (34%) following HPB surgery 
(Table 2). Mesenteric vascular branch anastomosis is a 
safe procedure in the lower abdominal cavity and leaves 
the hilum intact for reoperation.18,19 It was presumed 
that anastomosis of small mesenteric vascular branches 
would reduce portal hypertension and related complica-
tions because of their smaller calibre (2–5  mm).19 
Although different mesenteric vascular branches (colic, 
ileocolic, ileal, or jejunal artery and vein) were used, no 
differences in the effects of these anastomoses were 
reported.

Portal vein arterialization can also be accomplished 
with a jump graft between the splenic artery or aorta 
and the portal trunk via an interposed vascular graft 
(Figure 2D). Three patients (5%) underwent this 

Table 1. Diagnosis, indication and decision time of portal vein arterialization in hepatopancreatobiliary surgery

Study and country

No. of 
patients 
n = 57 Diagnosis Indication for PVA

PVA decision time; no. of patients

Planned 
preoperatively 

n = 26

Primary 
surgery 
n = 22

Secondary 
surgery 
n = 9

Iseki et al.,18,19 1992,1998, 
Japan

7 ECC (n = 3), pancreatic 
cancer (n = 2), ICC (n = 1, 
gallbladder cancer (n = 1)

Lesion excision (n = 3), common 
hepatic artery ligation (n = 2), 
hepatic artery thrombosis (n = 2)

2 1 4

Ko et al.,23 1995, Japan 1 ECC Right hepatic artery injury 0 1 0

Ozeki et al.,24 1997, Japan 3 NR Failure of hepatic artery 
reconstruction (n = 2), proper 
hepatic artery ligation (n = 1)

0 3 0

Tanabe et al.,25 1999, 
Japan

1 ICC Hepatic artery thrombosis 0 0 1

Inoue et al.,26 2000, Japan 1 ECC Lesion excision 0 1 0

Teramoto et al.,27 2003, 
Japan

1 ECC Hepatic artery thrombosis 0 0 1

Fujii et al.,28 2007 1 ECC Failure of hepatic artery 
reconstruction

0 0 1

Nakamura et al.,29 2008, 
Japan

1 Hilar liver metastasis Common hepatic artery ligation 0 0 1

Young et al.,13 2008, UK 2 ECC Lesion excision 2 0 0

Chen et al.,30 2010, China 4 ECC Lesion excision 0 4 0

Chen et al.,31 2011, China 1 ECC Lesion excision 1 0 0

Nardo et al.,32 2011, Italy 1 Colorectal liver metastasis Lesion excision 1 0 0

Qiu et al.,33,34 2012, 2014, 
China

4 ECC Lesion excision 4 0 0

Bhangui et al.,14 2014, 
India

9 Pancreatic cancer (n = 2), 
ECC (n = 1), ICC (n = 1), 
gallbladder cancer (n = 1), 
colorectal liver metastasis 
(n = 1), celiac trunk 
aneurysms (n = 1), HCC (n = 
1), schwannoma (n = 1)

Lesion excision (n = 4), failure of 
hepatic artery reconstruction (n = 
1), hepatic artery thrombosis (n = 
2), hepatic artery injury (n = 1, 
common hepatic artery ligation 
(n = 1)

5 3 1

Hokuto et al.,35 2015, 
Japan

1 Colorectal liver metastasis Hepatic artery injury 0 1 0

Kondo et al.,20 2004, and 
Noji et al.,36 2015, Japan

18 ECC (n = 15), ICC (n = 3) Lesion excision (n = 11), hepatic 
artery injury (n = 1), hepatic 
artery ligation (n = 6)

11 7 0

Su et al.,37 2016, China 1 Duodenal diffuse large B cell 
lymphoma

Lesion excision 0 1 0

ECC = extrahepatic cholangiocarcinoma; HCC = hepatocellular carcinoma; ICC = intrahepatic cholangiocarcinoma; NR = not reported; PVA = portal vein arterialization.
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procedure (Table 2). Two of these had previously 
undergone a PVA approach in which mesenteric vascu-
lar branch anastomosis was used. In both patients, a 
second PVA procedure (using the splenic artery) was 
performed 1 day after the first operation because hepatic 

ischemia and increased liver enzyme levels indicated a 
failure of the anastomosis.14,19 One of the 2 patients had 
undergone PVA with an anastomosis between the com-
mon hepatic artery and portal vein. However, a second 
PVA procedure (aorta to the middle colic vein with an 

Table 2. Surgical technique and postoperative complications in patients who underwent portal vein arterialization and 
hepatopancreatobiliary surgery, and cause of death in those who died postoperatively

Study

No. of 
patients 
n = 57 Primary operation PVA technique*†

Postoperative 
complications‡

No. of 
deaths 
n = 22 Cause and timing of death

Iseki et al.,18,19 1992, 
1998

7§ PD (n = 4), extended 
right liver resection (n 
= 2), pancreatectomy 
(n = 1)

Mesenteric artery (n 
= 7), splenic artery (n 
= 1)

Portal hypertension (n = 2), 
thrombosis (n = 2), liver 
abscess (n = 1), intra-
abdominal bleeding (n = 2)

6 Tumour recurrence (n = 4; 
4, 6, 11 and 30 mo), 
hemorrhagic shock and 
acute renal failure (n = 1; 
8 d), liver failure (n = 1; 41 d)

Ko et al.,23 1995 1 Extended left liver 
resection

Celiac trunk branch Portal hypertension 0 —

Ozeki et al.,24 1997 3 Liver resection Mesenteric artery Portal hypertension (n = 1), 
thrombosis (n = 1), 
pulmonary disorders (n = 1)

1 Pulmonary edema (in 
hospital)

Tanabe et al.,25 1999 1 Extended left liver 
resection

Mesenteric artery Thrombosis 0 —

Inoue et al.,26 2000 1 Extended left liver 
resection

Celiac trunk branch 0 —

Teramoto et al.,27 
2003

1 PD Mesenteric artery Liver abscess 0 —

Fujii et al.,28 2007 1 Liver resection Mesenteric artery Portal hypertension 1 Tumour recurrence (11 mo)

Nakamura et al.,29 
2008

1 Liver resection Mesenteric artery Portal hypertension 1 Hemorrhagic shock (4 mo)

Young et al.,13 2008 2 Liver resection Celiac trunk branch Biliary disorders (n = 1), 
intra-abdominal bleeding 
(n = 1)

1 Tumour recurrence (23 mo)

Chen et al.,30 2010 4 Extended left liver 
resection

Celiac trunk branch Liver abscess (n = 1), 
pulmonary disorders (n = 1)

1 Liver abscess (7 mo)

Chen et al.,31 2011 1 Extended left liver 
resection

NR Biliary and pulmonary 
complications

0 —

Nardo et al.,32 2011 1 Extended right liver 
resection

Femoral artery 
(extracorporeal 
device)

0 —

Qiu et al.,33,34 2012, 
2014

4 Liver resection Celiac trunk branch Portal hypertension (n = 1), 
biliary disorders (n = 1), 
pulmonary disorders (n = 1)

0 —

Bhangui et al.,14 2014 9§¶ Liver resection (n = 
5), PD (n = 2),  
resection of celiac 
trunk aneurysms (n = 
1), resection of 
schwannoma (n = 1)

Mesenteric artery (n 
= 3), mesenteric vein 
(n = 3),¶ celiac trunk 
branch (n = 3), 
splenic artery (n = 2)

Portal hypertension (n = 3), 
thrombosis (n = 2), biliary 
disorders (n = 1), 
intra-abdominal bleeding 
(n = 1), liver failure (n = 1)

4 Multiorgan failure (n = 3; 14 
and 29 d), unknown (n = 1, 
2.5 mo)

Hokuto et al.,35 2015 1 Extended liver 
resection

Celiac trunk branch Portal hypertension (n = 1), 
thrombosis (n = 1)

0 —

Kondo,20 2004, and 
Noji et al.,36 2015

18 Extended liver 
resection

Celiac trunk branch Portal hypertension (n = 1), 
thrombosis (n = 3), liver 
abscess (n = 7), biliary 
disorders (n = 6), 
intra-abdominal bleeding 
(n = 3), liver failure (n = 4)

7 Tumour recurrence (n = 3; 
< 1 yr), upper 
gastrointestinal bleeding 
with liver abscess (n = 2; 3 
and 9 mo), sepsis with liver 
abscess (n = 1; 12 mo, 
sepsis without liver abscess 
(n = 1; 6 mo)

Su et al.,37 2016 1 PD Celiac trunk branch 0 —

NR = not reported; PD = pancreaticoduodenectomy; PVA = portal vein arterialization. 
*Celiac trunk branches include the common hepatic artery, gastroduodenal artery, hepatic artery and celiac artery. 
†Mesenteric artery includes the ileocolic artery, ileal artery, jejunal artery and colic artery. 
‡Some patients had more than 1 complication. 
§PVA was performed twice in 4 patients. 
¶Mesenteric vein (middle colic vein, inferior mesenteric vein) was anastomosed to aorta via interposed graft.



REVUE

E178	 Can J Surg/J can chir 2021;64(2)	

interposition graft) was performed because of PVA 
thrombosis, which occurred 7 days after HPB surgery.14

In addition to the common surgical techniques, Nardo 
and colleagues32 introduced an extracorporeal device 
model for PVA. They interposed this device between the 
femoral artery and portal vein in a patient who had under-
gone extended liver resection (Table 2). The device was 
removed on the seventh postoperative day and the patient 
was discharged, with an uneventful postoperative course.

Postoperative course and management

Laboratory changes
In the included cases, laboratory analyses revealed a rapid 
rise in the first 3 days in levels of aspartate aminotransfer-
ase (up to 5000  IU/L), alanine aminotransferase (up to 
4000  IU/L) and lactate dehydrogenase (up to 
11 000  IU/L) in patients who survived after PVA. How-
ever, these values gradually decreased until discharge and 

Fig. 2. Different techniques of portal vein (PV) arterialization as an alternative to hepatic artery (HA) reconstruction during hepatopan-
creatobiliary surgery. (A) End-to-side arterioportal anastomosis between the gastroduodenal artery (GDA) and PV. (B) End-to-side 
anastomosis between the HA and PV. (C) End-to-end anastomosis between the mesenteric vascular branches (MVBs) when HA 
reconstruction is not possible because of common hepatic artery (CHA) ligation or injury. (D) End-to-side anastomosis between the 
splenic artery (SA) and PV via an interposed vascular graft (VG). SMA = superior mesenteric artery; SMV = superior mesenteric vein.
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had returned to normal at 2 months. Similarly, bilirubin 
levels increased rapidly early after PVA but declined and 
plateaued thereafter.10,19,30,34 None of the studies reported 
cholestasis parameters such as γ  glutamyl transferase and 
alkaline phosphatase.

Postoperative complications
Early complications: Thrombosis was the most common 
early complication after PVA, observed in 10  patients 
(18%) (Table 2). In 9  patients for whom the data were 
available, the mean time to occurrence of thrombosis was 
24.7 (SD 26.9) days (median 20 d, range 2−90 d). Thrombi 
occurred in celiac trunk branch anastomoses (6  patients 
[60%]) and mesenteric vascular branch anastomoses 
(4  [40%]). Thrombosis can be detected early after PVA 
with routine Doppler ultrasonography.14 Different ther
apies have been used to treat PVA-related thrombosis, 
including anticoagulant therapy and reoperation.14,35 
Bhangui and colleagues14 suggested that a second PVA pro-
cedure should be performed if no arterial collateral flow to 
the liver is observed, and that no further intervention is 
required if collaterals are present.

Other early complications observed were biliary disor-
ders (biliary leakage and biliary fistula) (10 patients [18%]), 
intra-abdominal bleeding (7 [12%]), pulmonary disorders 
(pulmonary edema, pneumonia and pleural effusion) 
(4 [7%]) and liver failure (6 [10%]) (Table 2).

Long-term complications: The most common long-term 
PVA-related complication was portal hypertension, 
reported in 12 patients (21%) (Table 2). The mean time to 
occurrence of portal hypertension was 4.1 (SD 3.1) months 
(median 3 mo, range 1–11 mo). Anastomosis of small mes-
enteric vascular branches was expected to reduce portal 
hypertension,19 but this complication occurred in 7 (35%) 
of 20 patients with mesenteric vascular branch anastomosis 
and in 5 (14%) of 35  patients with celiac trunk branch 
anastomosis.

To prevent portal hypertension and related complica-
tions, some authors have recommended restriction of the 
portal vein calibre by artificial PVA banding.30,38 In the 
included studies, 4 patients (7%) underwent PVA involv-
ing the hepatic artery, whose calibre was restricted with a 
silicon tube (about 2  mm in diameter).30 These patients 
were followed for 7 months to 1 year without any sign of 
portal hypertension or related complications.

Closure of the anastomosis has been recommended if 
portal hypertension occurs postoperatively.19,23 However, 
some surgeons performed this as a prophylactic procedure 
to prevent increased portal vein pressure.20,36 In 26 (74%) 
of 35 patients who were still alive during follow-up, the 
anastomosis was closed by means of coil embolization 
4–6  weeks after PVA or occluded spontaneously. Portal 
hypertension occurred in 8 (35%) of 23 patients in whom 
PVA was not prophylactic or the anastomosis was closed or 
occluded, who survived for more than 4–6 weeks. None-

theless, the ideal time of anastomosis closure is unknown 
because long-term studies are lacking. The re-arterialized 
liver needs adequate time to regenerate without injuries. 
With this intention, some authors have suggested that the 
anastomosis be closed 4–6 weeks after surgery if hepatope-
tal arterial collaterals are observed on angiography.13,20

Another long-term complication after PVA was liver 
abscess, which was reported in 10 patients (18%). Among 
the 5 patients for whom data were available, this complica-
tion occurred 6.4 (SD 4.5) months (median 7 mo, range 
1–12 mo) after surgery.

Patient survival

Twenty-two patients died after a median follow-up dura-
tion of 12 (range 1–87) months. The cause of death was 
hemorrhagic shock in 4 patients (18%), pulmonary edema 
in 1 (4%), multiorgan failure in 3 (14%), liver failure in 1 
(4%), postoperative infection (i.e., sepsis and liver abscess) 
in 3 (14%) and tumour recurrence in 9 (41%); in 1 case the 
cause was unknown (Table 2). The timing of death is 
shown in Table 2. The 30- and 90-day in-hospital mortal-
ity rates were 7.0% and 14.0%, respectively. Kaplan–
Meier analysis showed that the 1-, 3- and 5-year survival 
rates were 64%, 27% and 20%, respectively.

Pathophysiologic changes after portal vein 
arterialization

To our knowledge, pathophysiologic liver changes have 
not been investigated after PVA in clinical studies.39 How-
ever, experimental studies have evaluated the effects of 
PVA with and without liver resection. They showed an 
obvious increase in portal vein pressure and flow40,41 after 
PVA and liver resection in rats. Portal vein arterialization 
increases portal vein pressure and flow, which increases the 
rate of posthepatectomy liver failure or small-for-size-and-
flow syndrome.42 Cavallari and colleagues43 suggested the 
use of small or restricted-calibre arteries (e.g., the inferior 
mesenteric artery) for PVA to prevent a major increase in 
portal vein flow and pressure. Furthermore, PVA results in 
less hypoxic liver damage than total liver de-arterialization. 
Interestingly, a mild increase in portal vein flow and pres-
sure triggers regeneration.44 Higher rates of remnant liver 
regeneration and hepatocyte proliferation were reported in 
liver resection in PVA models than in models without 
arterial supply (control group).45–49 Moreover, cholestasis, 
bile duct injury, inflammation, energy state due to eleva-
tion in ATP content, hypoxia and hypoxia-associated gene 
changes were reported to be decreased with PVA com-
pared to liver de-arterialization without reconstruction.50,51

The hepatic artery provides the main oxygen supply to 
the biliary tract.10 The liver parenchyma and hepatocytes 
are supplied with oxygen from both the hepatic artery and 
the portal vein. Therefore, sudden de-arterialization of the 
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liver damages the biliary tract rather than the paren-
chyma.33,35,52,53 Re-arterialization of the liver can directly 
increase hepatocyte oxygenation by increasing oxygen sat-
uration in the portal vein. The main goal of PVA is to 
directly prevent bile duct ischemia by restoring the biliary 
arterial supply after liver de-arterialization. Portal vein 
arterialization is expected to improve oxygenation of the 
biliary tree by increasing the oxygen level in blood flowing 
back through the hepatic sinusoids. Furthermore, PVA 
may indirectly allow the development of arterial collaterals, 
which provide more sufficient oxygenated blood to the de-
arterialized liver and hypoxic biliary system.25,36,54 This is 
supported by the findings of Kondo and colleagues,20 who 
reported that arterioportal shunting of the de-arterialized 
liver increased oxygen saturation in bile ducts from 28% to 
57%. This may prevent major postoperative biliary com-
plications in the de-arterialized liver.30

The formation of arterial collaterals is common in 
patients with hepatic artery obstruction. They arise from 
preexisting vessels, including the inferior phrenic, gastro-
duodenal and pancreaticoduodenal arteries. They are also 
seen in patients who have undergone PVA.55 Hepatopetal 
arterial collaterals form as a result of enlargement of native 
vascular channels to improve blood and oxygen supply to 
regions of the liver where normal blood flow is restricted 
or interrupted.56 Collateral vessel formation is induced by 
several angiogenic factors such as vascular endothelial 
growth factor, nitric oxide synthase, platelet-derived 
growth factor and hepatocyte growth factor, and occurs as 
early as 10 hours after total hepatic artery occlusion.49,57

Arterial collateral function after hepatic artery obstruc-
tion depends on the location of the occlusion. If the infer
ior segment of hepatic artery is occluded, collaterals form 
through both major pathways (extra- and intrahepatic arte-
rial collaterals). If the proximal segment of the hepatic 
artery is obstructed, intrahepatic translobar collaterals pro-
vide flow to the interrupted system.56 Therefore, formation 
of hepatopetal arterial collaterals should be a key issue in 
patients undergoing PVA because of hepatic artery resec-
tion or injury or acute thrombosis.13,14,23,26 In patients with 
chronic hepatic artery obstruction due to chronic throm-
bosis or pressure effect of a tumour, collateral arteries may 
provide sufficient oxygenated blood to the de-arterialized 
liver.55,58 In these cases, the liver can tolerate chronic 
hypoxia. Hu and colleagues58 showed that hepatic artery 
reconstruction may not be always required in patients with 
hilar cholangiocarcinoma with decreased blood flow. 
However, posthepatectomy liver failure was noted in about 
14% of their patients who underwent liver resection with-
out hepatic artery reconstruction.

In patients with acute obstruction or resection of the 
hepatic artery, there is not enough time for formation of 
collateral arteries, and, therefore, the liver is more vulnera-
ble to hypoxic damage. In these cases, PVA could be a 
bridge procedure to allow collateral arterial circulation to 

develop when hepatic artery reconstruction is not possible. 
The risk of bile tract ischemia after chronic hepatic artery 
occlusion is reduced by the formation of collateral circula-
tion, which sufficiently oxygenates the biliary tract.56 After 
angiographic confirmation of arterial collaterals (4–6 wk 
after PVA), the anastomosis should be closed to prevent 
“over-arterialization” or portal hypertension.20,36,59 Pro-
longed overarterialization of the portal vein affects vascular 
tissue and the liver parenchyma, which can cause necrotiz-
ing vasculitis, intimal fibrosis, hyperbilirubinemia, liver 
fibrosis and abscess formation.14,54,60–63

Arterialized animals were reported to have higher hepa-
tocellular apoptosis and parenchymal necrosis than nonar-
terialized control animals.49,63 Ott and colleagues49 found 
that the proportion of apoptotic cells was significantly 
higher in pigs that underwent PVA and liver resection than 
in those that underwent liver resection alone (control 
group) on postoperative day 7; however, apoptosis gradu-
ally increased in the control group and decreased in the 
PVA group up to day 21. Müller and colleagues64 observed 
significantly more fibrosis and severe obliterative portal 
vein vasculopathy in rats that underwent PVA with an 
unregulated portal vein flow than in healthy rats at 84 days.

Discussion

In this systematic review, all included studies were case 
reports or case series, and the majority of studies were of 
good quality. Portal vein arterialization was needed more 
often in patients who had undergone liver resection than in 
those who had undergone pancreatic surgery. Most cases 
involved patients with cholangiocarcinoma, and most of 
the patients underwent PVA because the excised lesions 
abutted the hepatic artery. Celiac trunk branches were 
most commonly used for PVA.

Portal vein arterialization was associated with substan-
tial morbidity and mortality in the early postoperative 
period: the 30- and 90-day in-hospital mortality rates were 
7.0% and 14.0%, respectively. The 1-, 3- and 5-year sur-
vival rates were 64%, 27% and 20%, respectively. In 
patients who survived, portal hypertension was the most 
common complication, occurring in 21% of patients after 
a mean of 4.1 months.

Given these findings, PVA can be considered as a rescue 
procedure even if some authors have recommended it as an 
appropriate method to achieve R0 resection in patients 
with perihilar cholangiocarcinoma.14,20 Portal vein arterial
ization was reported to be justified in cases of excision of 
lesions that abut the hepatic artery, hepatic artery ligation, 
hepatic artery thrombosis, iatrogenic hepatic artery injury 
and failure to reconstruct the hepatic artery after resection.

Because of low case numbers, prospective clinical trials 
might be difficult to conduct, but well-designed experimen-
tal studies would help provide deeper insight into the patho-
physiologic features, potential and outcomes after PVA.
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Limitations

The major limitation of our review is the nature of the 
studies found on the topic; i.e., case reports and case series 
with small samples and a short follow-up duration. The 
lack of prospective studies, insufficient numbers of patients 
and lack of long-term follow-up after PVA are further lim-
itations. Therefore, the exact pathophysiologic changes 
and long-term clinical course after PVA are unknown, as 
are the effects of restriction of the vessel calibre and pro-
grammed anastomosis closure on patient outcomes. Since 
such evaluations may not be possible in human participants 
owing to the nature of the procedure, further experimental 
studies are warranted to obtain data in these areas, as well 
as to define the advantages and disadvantages of different 
PVA methods.

Conclusion

Portal vein arterialization is a rescue option aimed at 
improving the outcome in patients with acute liver 
de-arterialization in whom arterial reconstruction is not 
possible. To prevent portal hypertension and liver injur
ies due to thrombosis or overarterialization, adjustment 
of vessel calibre and timely closure of the anastomosis 
should be considered. Further prospective experimental 
and clinical studies are needed to investigate the potential 
of this procedure in patients whose liver is suddenly 
de-arterialized during HPB surgical procedures.
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