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Introduction

Knowledge of congenital anomalies of the por-
tal venous system is essential for proper diagnosis 
and awareness of anatomic variants is crucial for 
adequate planning of surgical and interventional 
procedures and may also prevent significant com-
plications. 

Variants of portal branches and intrahepatic 
portosystemic shunts are quite uncommon; howe-
ver, when present, they should be recognized be-
fore performing surgery or interventional proce-
dures. Congenital absence of the portal vein is an 
important finding as the complete loss of portal 
perfusion predisposes the liver to focal or diffu-
se hyperplastic or dysplastic changes. Portal vein 
aneurysm is a rare clinical entity that can affect 
intra- and extra-hepatic portal branches; although 
usually asymptomatic, thrombosis can occur. 

Computed Tomography (CT) or Magnetic Re-
sonance Imaging (MRI) combined with Doppler 
Ultrasonography (US) permits a comprehensive 
evaluation of morphologic and functional abnor-
malities of the portal system. 

Angiography has got nowadays a diagnostic 
value only for a pathophysiological evaluation for 
hepatic and portal vein pressure measurement; 
while its role remains important in cases in which 
treatment is considered necessary such as TIPS 
positioning and portal vein embolization.

Normal Portal Anatomy
The portal vein arises from the confluence 

of the superior mesenteric, inferior mesente-
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ric and splenic vein posterior to the neck of the 
pancreas. The portal trunk divides in the liver 
hilum into two branches: left portal vein branch 
(LPV) and right portal vein branch (RPV). LPV 
courses medially to the umbilical fissure, sup-
plies segments II, III and IV and provides also 
a caudate branch. RPV subsequently divides in 
an anterior branch (RAPV), feeding segments V 
and VIII, and a posterior branch (RPPV), fee-
ding segments VI e VII (Figure 1). Normal ana-
tomy is encountered in 65 to 80% in the studies 
using multidetector CT. Any deviation from this 
anatomy is considered an anatomical variants1-3.

Portal Vein Variants
Portal vein variants are quite frequent and 

easy to recognize with 3D reconstructions of 
CT or MR images, with a reported incidence of 
27 and 35%.

These variations have a considerable impact on 
liver surgery and radiological interventional proce-
dures and should be precisely described; in parti-
cular, a reliable preoperative imaging of vascular 
anatomy is mandatory relating to recent develop-
ments in liver surgery, with living donor transplan-
tation or complex hepatectomy1, and in interventio-
nal radiology with portal vein embolization.

Portal vein variants are associated with a si-
gnificantly higher number of biliary anatomic va-
riations, in particular the presence of portal vein 
variants increases the risk of bile duct hilar anato-
mical variation. 

We describe four main types of portal vein va-
riants:
Type 1: is the so called “portal vein trifurcation”, 

with a reported occurrence of 9-11%, where 
main portal vein divides into three branches: 
left portal vein (LPV), right anterior portal 
vein (RAPV), and right posterior portal vein 
(RPPV) (Figure 2). 

Type 2: right posterior portal vein (RPPV) origina-
tes as the first branch of portal vein (PV), with 
a reported occurrence of 9.7-23% (Figure 3).

Type 3: right anterior portal vein (RAPV) origina-
tes from the left portal vein (LPV) (Figure 4).

Type 4: this portal vein variant is less common 
(< 2%) and is characterized by the absence 
of portal vein bifurcation (the portal vein gi-
ves only a single right portal branch in the 
liver hilum) and by the presence of a large 
vein coming from segment VIII and ente-
ring the distal segment of the left portal vein 
(Figure 5)2,4,5,6.

 
Congenital Portosystemic Venous Shunts 
(PSVS)

The first report of these malformations known as 
“Abernethy Syndrome” was made in 1973 by a Lon-
don surgeon, John Abernethy who described a post
mortem examination of a 10-month-old girl, which 
showed termination of the portal vein in the inferior 
vena cava (IVC) at the level of the renal veins7.

Congenital portosystemic venous shunts 
(PSVS) are rare and have been explained by al-

Figure 1. Normal portal anatomy. A, Contrast-enhanced CT on portal venous phase - axial MIP reconstruction. The portal 
trunk divides into a left and a right portal vein that subsequently divides in an anterior branch feeding segments V and VIII 
and a posterior branch feeding segments VI and VII. B, PV: portal vein; LPV: left portal vein; RPV: right portal vein; RAPV: 
right anterior portal vein; RPPV: right posterior portal vein.
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terations in the embryological development of 
the portal system and IVC, with abnormal invo-
lution of the vitelline veins (Figure 6), that occur 
between the 4th and 10th weeks of embryonic life 

and can be associated with additional congenital 
malformations8.

According to the site of the shunt, PSVS are 
classified as:

Figure 2. Portal vein variants – type 1: portal vein trifurcation. A, Contrast-enhanced CT on portal venous phase – axial 
MIP reconstruction. The main portal vein divides into three branches: the left portal vein, the right anterior portal vein, and 
the right posterior portal vein. B, LPV: left portal vein; RAPV: right anterior portal vein; RPPV: right posterior portal vein.

Figure 3. Portal vein variants – type 2. A, Contrast-enhanced MRI on portal venous phase - coronal MIP reconstruction. 
The right posterior portal vein originates as the first branch of the portal vein. B, PV: portal vein; RPPV: right posterior portal 
vein; RAPV: right anterior portal vein; LPV: left portal vein.
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Figure 4. Portal vein variants – type 3. A, Contrast-enhanced CT on portal venous phase - coronal MIP reconstruction. The 
right anterior portal vein originates from the left portal vein. B, PV: portal vein; RPPV: right posterior portal vein; LPV: left 
portal vein; RAPV: right anterior portal vein.

Figure 5. Portal vein variants – type 4: absence of portal vein bifurcation. A, Color Doppler sonography shows absence 
of portal vein bifurcation. B, Color Doppler shows a large vein coming from segment VIII and entering the distal segment of 
the left portal vein. C, PV: portal vein; RPPV: right posterior portal vein; ALPV: absent left portal vein. 
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- Extrahepatic (EPSVS)
- Intrahepatic (IPSVS)
According to the perfusion anomalies PSVS 

are subdivided into:
Type 1: liver is not perfused with portal blood be-

cause of complete shunt of portal blood flow 
into systemic circulation. Liver transplantation 
is the only effective treatment in critical cases.

Type 2: a partial shunt is present with residual 
portal blood flow into liver parenchyma. In 
this case persistent portal circulation allows 
shunt surgical closure or embolization9,10.

Congenital Extrahepatic Portosystemic 
Venous Shunt – EPSVS

Two types of EPSVS have been described: 
complete portosystemic shunts without portal 
perfusion to the liver are defined as type I, where-
as partial shunts with a remaining degree of por-
tal blood flow to the liver are defined as type II. 

In type I portal vein is absent or atresic; type 
1 shunts are further classified into those in which 
the splenic vein (SV) and superior mesenteric vein 
(SMV) drain separately into a systemic vein (type 
1a) and those in which the SV and SMV drain to-
gether after joining to form a common trunk (type 
1b), without supplying the liver (Figure 7). In type 
II portal vein is normal or hypoplastic (Figure 8). 

Congenital extrahepatic portosystemic shunts 
with abnormal venous drainage into a systemic 
vein other than the inferior vena cava (IVC) are 
classified as subtypes of type 1 or 2; recipient 
systemic vein may be left renal vein (Figure 9), 
right renal vein or azygos vein; more rarely, a few 
cases of a direct communication between inferior 
mesenteric vein (or its superior rectal tributaries) 
and common or internal iliac veins have been de-
scribed.

At CT and MRI, portal vein may be absent, 
hypoplastic, or of normal size. When portal vein 
is atresic, hepatic artery often becomes enlarged 
and is the only vessel seen within the hepatoduo-
denal ligament (Figure 10)11-13.

Moreover, EPSVS, especially type 1a, is as-
sociated with additional malformations, more 
often development anomalies of the spleen (poly-

Figure 6. Embryological development of the portal sys-
tem and inferior vena cava. IVC: inferior vena cava; RVV: 
right vitelline vein; LVV: left vitelline vein; DV: ductus 
venosus; HS: hepatic sinusoids; UV: umbelical vein; PV: 
portal vein.

Figure 7. Classification of congenital extrahepatic portosystemic shunts. Type 1a: splenic vein (SV) and superior mesen-
teric vein (SMV) drain separately into inferior vena cava (IVC). Type 1b: the SV and SMV drain together after joining to form 
a common trunk without supplying the liver. Type 2: the liver is perfused with portal blood in the presence of a partial shunt; 
the portal vein (PV) is normal or hypoplastic
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splenia), heart circulatory system (septal defects, 
patent ductus arteriosus, and tetralogy of Fallot), 
biliary system (congenital biliary atresia, choledo-
chal cyst), genitourinary system (cystic dysplasia 
of kidneys), and skeletal system (radial hypopla-
sia). Acquired shunts due to portal hypertension 
are common.

EPSVS are often asymptomatic, especially pa-
tients with partial shunt (type 2). When present, 
symptoms are related to the abnormal liver deve-
lopment, to the portosystemic shunt, and to other 

congenital malformations eventually associated.
Patients with EPSVS are also prone to develop 

intrahepatic tumors such as nodular regenerative 
hyperplasia, focal nodular hyperplasia (FNH), 
and adenomas with high risk of malignant trans-
formation. Because of reduction or complete 
loss of hepatic portal perfusion the arterial flow 
increases. The development of tumors may be a 
consequence of excessive arterialization of the 
liver, lack of portal blood flow, increased circulat-
ing levels of hepatic growth factors (e.g., insulin, 

Figure 8. Congenital extrahepatic portosystemic shunts – type 2. A, Contrast-enhanced CT on portal venous phase and 
axial MIP reconstructions show the presence of a congenital shunt connecting the splenic vein and the splenomesenteric con-
fluence to the inferior vena cava. The liver is perfused with portal blood in the presence of a partial shunt. The portal vein is 
hypoplastic. B, SV: splenic vein; SMC: splenomesenteric confluence; IVC: inferior vena cava; PV: portal vein.

Figure 9. Congenital extrahepatic portosystemic shunts – type 1b: abnormal venous drainage into left renal vein. A, 
Contrast-enhanced TC – MIP reconstructions. A common portal trunk formed by the confluence of the splenic and the superi-
or mesenteric vein courses upward parallel to the aorta, describes a loop over the cardias and then runs caudally to join the left 
renal vein. B, SV; splenic vein; SMV: superior mesenteric vein; CPT: common portal trunk; C: cardias; LRV: left renal vein
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glucagon, hepatocyte growth factor) or a combi-
nation of all these factors14.

In patients with large portosystemic shunts he-
patic encephalopathy may develop15.

Liver transplantation is the only effective treat-
ment for symptomatic type I EPSVS. A therapeu-
tic approach for type II could be surgical closure 
of the shunt or embolization. 

Nevertheless, the high rates of association with 
liver tumor and other malformations suggest the 
need for thorough search for other anomalies and 

a straight surveillance of liver lesions for concur-
rent malignancy. 

Congenital Intrahepatic Portosystemic 
Venous Shunt – IPSVS

Intrahepatic portosystemic venous shunts 
(IPSVS) are defined as anomalous communications 
between intrahepatic portal vein and systemic veins, 
that are at least partly located inside the liver. 

The etiology of IPSVS may be either congeni-

Figure 10. Congenital extrahepatic portosystemic shunts type 1b causing arterial hypertrophy. A, Axial contrast-en-
hanced CT shows absence of portal bifurcation and of intrahepatic portal branches. B, Coronal MIP reconstruction shows 
arterial hypertrophy, because of the complete loss of hepatic portal perfusion. A right hepatic artery from the superior mesen-
teric artery is present (arrow).

Figure 11. Acquired IPSVS in a Patient with liver cirrhosis and portal hypertension. A, US shows multiple serpiginous 
vessels at the III hepatic segment between the left portal branch and the left hepatic vein which is enlarged. B, PV: portal vein; 
LPV: left portal vein; LHV: left hepatic vein; RPV: right portal vein.

A B

A B



A. Guerra, A.M. De Gaetano, A. Infante, C. Mele, M.G. Marini, E. Rinninella, et al.

4484

tal or acquired, developing in response to portal 
hypertension (Figure 11). 

A morphological classification of IPSVS was 
proposed by Park et al in 199016: 
Type 1: a single vessel runs from the right bran-

ch of portal vein to the posterior surface of 
the liver and enters inferior vena cava (Fi-
gure 12). 

Type 2: is a localized peripheral shunt in which 
single or multiple communications are found 

between peripheral portal and hepatic veins 
in one hepatic segment (Figure 13). 

Type 3: is an aneurismal communication with pe-
ripheral portal and hepatic veins connected 
through an aneurysm (Figure 14).

Type 4: multiple communications between pe-
ripheral portal and hepatic veins are present 
in both hepatic lobes.

The first two varieties are the most common. 
Embolization or surgery is performed if the shunt 
is symptomatic. 

Figure 12. Congenital intrahepatic portosystemic shunts - type 1. A, Contrast-enhanced MRI – coronal MIP reconstruc-
tion. A single large vessel (arrow) runs from the right branch of the portal vein to the posterior surface of the liver and turns 
medially to enter the inferior vena cava just below the insertions of the hepatic veins. B, RPV: right portal vein; IVC: inferior 
vena cava.

Figure 13. Congenital intrahepatic portosystemic shunts - type 2. A, Color Doppler US shows a communication between 
peripheral portal and hepatic veins in segment VII. B, The Doppler waveform of the portal vein is abnormal and shows cardiac 
modulation due to the direct communication with the central venous system 
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Patent Ductus Venosus
Patent ductus venosus (PDV) is a rare form of 

congenital portosystemic shunt. Fewer than 20 
cases of PDV in adults have been reported in the 
literature.

In the fetus, the ductus venosus shunts ap-
proximately half of the blood flow of the umbili-
cal vein directly to the inferior vena cava. Thus, 
it allows oxygenated blood from the placenta to 
bypass the liver. 

PDV is categorized as type 2 IPSVS, in which 
intrahepatic portal venous supply is preserved.

Symptoms of this disorder include encephalopathy, 
hyperammonemia, jaundice and liver dysfunction. 

Portal Vein Aneurysm – PVA
Portal vein aneurysm (PVA) is a rare clinical entity 

that has been described as a focal dilatation that can 
affect both intra- and extrahepatic branches (Figure 
15). Two major etiologies, acquired and congenital, 
have been proposed. Portal hypertension and chronic 
liver disease have been identified as the major causes 
of acquired aneurysm. Congenital aneurysm can be 
related to weakness in the portal vein wall.

Figure 14. Intrahepatic portosystemic shunts - type 3. A, CT shows an aneurismal shunt in the VI hepatic segment in a 
subcapsular location. Volume rendering 3D reconstruction shows the afferent portal branch and efferent hepatic vein drainage 
of the aneurismal intrahepatic portosystemic venous shunt. B, PV: portal vein; SPV: segmental portal vein; RHV: right hepatic 
vein; AS: aneurismal shunt

Figure 15. Portal vein aneurysm (PVA). A, Color Doppler Ultrasonography shows an aneurysm of the main portal vein 
with thrombotic mural apposition and turbulent flow within. B, Contrast-enhanced CT scan at the level of the hepatic hilum 
confirms the PVA with partial mural thrombosis.
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PVA are usually asymptomatic, unless a com-
plication occurs. Complications of PVA include 
thrombosis, aneurysmal rupture, portosystemic 
shunts, and compression on adjacent viscera (Fi-
gure 16)17.

Conclusions

A reliable preoperative imaging of vascular 
anatomy is mandatory relating to recent develop-
ments in liver surgery and in interventional radio-
logy, including portal vein embolization, anato-
mic resection and transplantation. It is a fact that 
in this group of patients the portal vein is almost 
always depicted on preoperative cross-sectional 
imaging, and critical attention to portal vein ana-
tomy may prevent significant complications.

Ultrasonography can assess portal venous ana-
tomy, anatomic variants and congenital anoma-
lies of the portal vein; Color and Power Doppler 
showing the presence and the direction of flow are 
essential for proper diagnosis; spectral tracings 
and velocity measurements can evaluate hemody-
namic changes in liver perfusion.

CT or MR imaging provide proper anatomical 
information and an overall picture of splanchnic 
vascularization and three-dimensional (3D) refor-
mation make portal vein variants easier to reco-
gnize. Angiography is reserved only in cases in 
which treatment is considered necessary.
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