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Incidence of Extrahepatic Portal Vein Anatomic Variations
and Their Clinical Implications in Daily Practice
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Abstract

Anatomical variations of the portal vein are relatively common and
can affect the outcomes of hepatic resections, transplantations and
interventional radiological procedures. The aim of this study was to
review the literature regarding extrahepatic portal vein anomalies.
Two main databases were searched for suitable articles, and results
concerning more than 3,700 patients were included in the analysis.
The most common anatomical variations of the portal vein were tri-
furcation and having a right posterior portal vein as the first branch of
the main portal vein; these anomalies were found in 11.7% and 10.8%
of cases, respectively.
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Introduction

The portal vein (PV), also known as the “vena portae”, is the
main vessel that transfers blood from the digestive system and
spleen to the liver. The PV is formed by the junction of the
superior mesenteric and splenic veins, and it supplies about
75% of the liver’s blood, with the rest coming from the he-
patic artery proper. The PV is not a true vein because it does
not conduct blood directly to the heart. Anatomical variations
of the PV are not unusual, with the reported incidence of PV
variations in the range of 0.1-25% [1-4]. Yet, these variations
may not be uncovered but until a complex hepatobiliary surgi-
cal procedure or vascular intervention is undertaken; lately, the
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use of such procedures has increased because of medical and
technological advancements [5-8]. The purpose of this study
was to review the literature and determine the types and inci-
dence of variant extrahepatic PV anatomy.

Methods

A systematic search of the scientific literature was carried out
using the PubMed and Scopus databases for the years 2002 -
2021 to obtain access to all publications describing anatomic
variations of the extrahepatic PV. The following terms and
their combinations were used: “portal”, “vein”, “anatomic”,
“anomalies”, and “variations”. The references of all the articles
that were considered relevant were checked to find any studies
missed. The criteria for inclusion of data in the study were as
follows: 1) the study had to be an original article or a review;
2) only studies concerning adult humans were selected; and
3) only articles written in English were used. The following
exclusion criteria were used for this study: 1) articles concern-
ing populations overlapping one another were excluded; 2)
populations overlapping with other groups; and 3) articles that
reported case reports, conference abstracts, letters to the editor
and small case series were removed from the sample. We only
considered studies from the field of radiology because of the
large number of patients they include, with more than 20 pa-
tients participating in each study. No review protocol existed.
The analysis was performed according to the preferred report-
ing items for systemic reviews and meta-analyses (PRISMA)
guidelines and conducted by two separate reviewers, who were
responsible for the data extraction.

We use the five types of PV anatomic variations as clas-
sified by Covey (Table 1; Figs. 1 and 2). We review only ex-
trahepatic variations of the PV. For each study considered eli-
gible, the year of publication and the type of study have been
investigated.

Results

An initial search of the databases identified a total of 101
records; 91 articles did not meet the inclusion criteria. Ten
articles were assessed for eligibility, of these three were ex-
cluded due to incomplete data, and finally seven articles were
used in the quantitative analysis (Fig. 3).

A total of 3,715 patients were included in our study
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Table 1. Common PV Variations as Classified by Covey

Type Description

Type 1 Classical anatomy

Type 11 Trifurcation

Type 111 Right posterior vein as first branch of MPV
Type IV Separate origin of segment VII from RPV
Type V Separate origin of segment VI from RPV

MPV: main portal vein; RPV: right portal vein.

(Table 2) [9-15]. A conventional branch pattern (type I)
was identified in 2,795 of 3,715 patients (75.2%). The pat-
tern of trifurcation (type II) was identified in 356 patients
(9.6%), while right posterior PV (RpPV) as the first branch
of the main PV, which is a type III variant, was present in
306 patients (8.2%). Type IV variants involving a separate
origin of segment VII from the right portal vein (RPV) and
type V which involves a different origin of segment VI from
the RPV were present in 49 patients (1.1%) and 33 patients
(0.9%), respectively (Table 3).

The least common variations were the right anterior portal
vein (RaPV) originating from the left PV (LPV), trifurcation of
the RPV, absence of PV bifurcation, total ramification and left
PV originating from the RaPV (Table 3).

Discussion

Liver interventions are becoming more complex and demand-
ing, resulting in increased awareness of normal and variant
anatomy, where the variance mainly relates to the vessels. This
complexity has been noticed in the liver transplantation and
hepatic resection literature. Many surgeons routinely perform
preoperative computed tomography to check for replaced or
accessory vessels; therefore, a thorough understanding of vari-
ants in PV is crucial [4, 7, 16].

Embryologically, the PV is formed from the fourth to fifth
weeks of gestation. Initially, there are three paired venous sys-
tems, which are as follows: the umbilical veins of chorionic
origin, the vitelline veins from the yolk sac and the cardinal
veins. Anastomosis is formed between the right and left vitelline
veins. Involution of the vitelline veins results in the formation of
the PV. The stem of the PV is formed by the left vitelline vein,
the left branch from part of the left vitelline vein and the right
branch from part of the right vitelline vein. Any diversion from
this development results in anomalies of the PV [17, 18].

Anatomically, the PV supplies the liver with more than 70%
of its total oxygen, and the normal pressure is 7 mm Hg. The PV
is formed by the junction of the superior mesenteric vein and
the splenic vein behind the pancreatic head at the level of the
second lumbar vertebra. At the hilum, the main PV splits into
the left and right PVs. The RPV is then divided into the RaPV

Figure 1. Normal anatomy of the portal system (type ). RPV: right portal vein; LPV: left portal vein; RaPV: right anterior portal

vein; RpPV: right posterior portal vein.
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Figure 2. Anatomical variations of the portal vein (a: type Il; b: type llI; c: type 1V; d: type V). RPV: right portal vein; LPV: left portal
vein; mPV: main portal vein; RaPV: right anterior portal vein; RpPV: right posterior portal vein.

and RpPV. The RaPV supplies segments V and VIII, while the
RpPV supplies segments VI and VII. The LPV gives branches to
segments I, IIT and IV and the caudate lobe [19-21].

From the studies included in our analysis, only Bayrak et al
[15] categorized patients by sex, but no statistically significant
difference was detected in PV variations between the male and
female participants. Regarding race-related differences, Mun-
guti et al [22] concluded that extrahepatic termination of the
PV is more common in the Asian population followed by the
American and then the African populations, which suggests
that the later are more vulnerable to injury during surgery and
radiological interventions.

More rare anatomic variations of the PV can be related to
other abnormalities. An example of such variations is preduo-
denal PV, where the PV lies anterior to the duodenum. Preduo-
denal PV is associated with intestinal obstruction, biliary atre-
sia, annular pancreas and situs inversus. Absence of the PV can
be linked to other anomalies, such as cardiac defects, skeletal
anomalies, situs inversus, polysplenia and liver pathology, while
PV atresia or stenosis can cause obstruction accompanying por-
tal hypertension, splenomegaly and gastrointestinal hemorrhage
known as Banti syndrome [23, 24]. In most of PV variations, the
laboratory tests to evaluate liver function are typically normal.
The values of liver enzymes and bilirubin and clotting times
may be abnormal only in cases with chronic portal hypertension
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or cirrhotic changes due to anatomical variation.

Anatomical variations in the PV have been a topic of
analysis and interest for some time because of their impact on
surgery and some interventional liver procedures. The range
of prevalence varies from 0.09% to 24%. In a large series of
1,384 patients reviewed by Koc et al [12], the PV variation
was reported to be 21.5%; similarly, Covey et al [10] recorded
a 35% variation in patients via computed tomography por-
tography for catheterization of the superior mesenteric artery.
In our analysis, the percentage of PV anomalies was almost
25%, with the trifurcation of the PV (type II) being identified
in 356 patients (9.6%) and the RpPV as the first branch of the
main PV (type III) present in 306 patients (8.2%).

The above variants may be overlooked, and this can have
important clinical consequences. Specifically, in the case of
transhepatic PV embolization to induce contralateral liver
hypertrophy, the radiologist must know the variant anatomy
because embolizing a non-targeted segment can make poten-
tially resectable anatomy unresectable because of insufficient
hypertrophy. Similarly, in patients with type III variation, the
RpPV catheterization can be more demanding and challeng-
ing. Variations like RPV trifurcation could lead to an unstable
location of the catheter. In liver transplantation, a living donor
who has a type Il variant of the PV can suffer from complica-
tions associated with clamping; type III is even more compli-
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Figure 3. Flow diagram according to PRISMA guidelines. PRISMA: preferred reporting items for systematic reviews.

cated because the clamping must involve both the RaPV and
RpPV [4, 25].
In conclusion, anatomic variations of the PV are relatively

Table 2. Classification of the Articles According to the Number
of Patients and Type of Study

Author No. of patients Type of study
Akgul et al [9] 585 Retrospective
Covey et al [10] 216 Retrospective
Atasoy et al [11] 200 Consecutive
Koc et al [12] 1,384 Retrospective
Okten et al [13] 85 Consecutive
Sureka et al [14] 967 Retrospective
Bayrak et al [15] 278 Consecutive
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frequent. Adequate knowledge of these anomalies is important
for radiologists and surgeons because of the increased demand
for liver resections, transplantations and percutaneous hepato-
biliary interventions. A preoperative imaging workup can help
identify variations in the PV and reduce related morbidity and
mortality.
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Table 3. Distribution of the Found Anatomic Variations of Portal Vein

Type Portal vein variant Number of patients Percentage
I Normal 2,795 75.2
1I Trifurcation 356 9.6
11 Right posterior vein as first branch of main portal vein 306 8.2
v Segment VII branch as separate branch of right portal vein 49 1.1
v Segment VI branch as separate branch of right portal vein 33 0.9
Right anterior portal vein originating from the left portal vein 9 0.24
Right portal vein trifurcation 8 0.21
Total ramification 6 0.16
Absence of portal vein bifurcation 2 0.05
Left portal vein from right anterior portal vein 4 0.1
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