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T he portal venous system is associated with a wide range of con-
genital abnormalities and acquired processes that can be de-
tected incidentally with current imaging modalities. In this 

pictorial essay, we discuss and illustrate the normal anatomy as well 
as the congenital and acquired abnormalities of the portal venous 
system as shown by multidetector computed tomography (MDCT). 
Recognizing the varied features of these abnormalities of the portal 
venous system will help radiologists to correctly interpret images and 
prevent misdiagnoses.    

Normal anatomy
The portal vein issues from the confluence of the superior mesenteric, 

inferior mesenteric, and splenic veins posterior to the neck of the pan-
creas. In its most common branching pattern, the portal vein divides 
at the porta hepatis into the right and left portal veins. As it courses 
cranially, the right portal vein first sends branches to the caudate lobe 
and then divides into anterior and posterior branches. The left portal 
vein first follows a horizontal course to the left and then turns medially 
toward the ligamentum teres (umbilical portion), supplying the lateral 
and medial segments of the left lobe (Fig. 1). The Cantlie line corre-
sponds to the median fissure and is defined as a line passing through the 
gallbladder toward the inferior vena cava (IVC) (1–3).

Congenital agenesis of the portal vein branches
Congenital agenesis of the portal vein branches is a frequently re-

ported congenital anomaly (4). An important distinction exists between 
congenital agenesis and atrophy secondary to a pathological process. 
Congenital agenesis is thought to be secondary to either the failure of 
the right and left portal veins to develop or thrombosis of the affected 
lobe or segment during embryonic growth (Fig. 2). Liver ultrasonogra-
phy is most often capable of identifying such vascular abnormalities (5). 
However, the MDCT appearances of these anomalies must be known 
because MDCT may be the initial form of imaging used. 

Preduodenal portal vein 
The preduodenal portal vein (PDPV) is associated with anomalies that 

include intestinal malrotation and pancreatic, splenic, or cardiac anom-
alies. The PDPV passes ventral to the duodenum and the head of the 
pancreas, so the PDPV is clearly seen on CT images as a round structure 
in front of the pancreatic head (2, 4, 6). An L-shaped and convex caudal 
mesentericoportal vein, which can also be seen on CT angiography, is an 
angiographic feature typical of PDPV (Fig. 3). MDCT images are reliable 
for revealing other associated anomalies, such as azygos or hemiazygos 
continuation of IVC, short pancreas, and visceral heterotaxia.  
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Figure 1. a–c. The normal anatomy of the portal vein in a 46-year-old man in an 
MDCT scan obtained during the portal venous phase. The axial image shows the 
main portal vein (MPV) formed by the union of the splenic and superior mesenteric 
veins behind the neck of the pancreas (a). The MPV courses to the porta hepatis, 
where it divides into the right and left branches (b). A section more cranial than 
b shows that the left portal vein passes transversely through the porta hepatis to 
supply the caudate and left lobes of the liver (c).

ba

Figure 2. a, b. A 41-year-old woman with agenesis of the horizontal segment of 
the left portal vein. Two sequential axial thick-slab MIP CT images (a, b) reveal 
large aberrant vessels (thin arrows) running transversely from the right anterior 
portal branch (thick arrow) to the left segmental branches. Note the patency of 
the main portal vein (white arrowheads) and the splenic vein (black arrowheads).  

b
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Figure 3. A 38-year-old woman with preduodenal portal vein and other 
congenital anomalies, including polysplenia (S), midline liver (L), and IVC 
absence with azygos continuation (double arrow). The axial image reveals 
preduodenal portal vein (arrow). Note gallbladder stones.
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Duplication of the portal vein
Duplication of the portal vein is an 

uncommon anomaly revealed by im-
aging as two separate portal veins that 
course upward to the porta hepatis (2, 7). 
Complications of this anomaly include 
variceal bleeding, portal hypertension 
and duodenal obstruction. MDCT al-
lows multiplanar reconstructions and is 
helpful in distinguishing this anomaly 
from other disease entities (Fig. 4).

Portal vein aneurysm
Portal vein aneurysm, which can be 

congenital or acquired, is an uncom-
mon entity. Portal venous system an-
eurysms represent 3% of all venous 
aneurysms (8). Most of these aneu-
rysms are acquired, as a significant 
number of portal vein aneurysms are 
detected in patients with underlying 
hepatocellular disease and portal hy-

pertension (Fig. 5). Some portal vein 
aneurysms are found in children and 
young adults who have no evidence 

of liver disease or portal hypertension. 
Intrahepatic aneurysms have a ten-
dency to occur at bifurcations (Fig. 6). 

Figure 4. a, b. A 54-year-old man with a duplication of the portal vein. Axial (a) and coronal (b) MDCT images show two separate portal veins 
(arrows) coursing to the porta hepatis.

ba

Figure 5. A 48-year-old woman with chronic liver disease 
and portal hypertension. Axial MDCT imaging reveals 
extrahepatic portal vein aneurysm (arrow). Note collaterals 
in the abdominal wall.

Figure 6. a, b. A 35-year-old woman with no underlying liver disease. Axial 
(a) and coronal (b) thick-slab MDCT images show the intrahepatic portal vein 
aneurysm (arrow).

b
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Most reported extrahepatic portal vein 
aneurysms occur at the confluence of 
the superior mesenteric and splenic 
veins (1, 9). Most people with a portal 
venous system aneurysm are asymp-
tomatic, although portal venous sys-
tem aneurysms can cause symptoms. 
External compression and rupture are 
rare complications. Thrombosis of a 
portal venous system aneurysm oc-
curs frequently and can lead to the 
development of portal hypertension 
with clinically severe consequences 
(10). Color Doppler sonography and 
CT have been considered accurate and 
reliable methods for both the diagno-
sis and follow-up imaging of portal 
venous system aneurysms and their 
complications.

Inverted relationship between 
the superior mesenteric vein and 
superior mesenteric artery 

On cross-sectional imaging, the supe-
rior mesenteric vein (SMV) is generally 
seen lying on the right ventral aspect 
of the superior mesenteric artery (SMA) 
(Fig. 7). Conversely, deviation from 
the normal relationship between the 
SMV and SMA is a useful indicator of 
malrotation (Fig. 8). In most quiescent 
malrotation, the SMA and SMV will as-
sume a vertical relationship or show 
left-right inversion. However, abnor-
malities of SMA-SMV orientation are 
not entirely diagnostic because some 
patients with malrotation will have a 
normal relationship, and a vertical or 
inverted relationship can also be seen 
in patients without malrotation (Fig. 9) 
(2, 11, 12).   

Portal vein thrombosis
Portal vein thrombosis occurs in vari-

ous clinical settings, with the most com-
mon being liver cirrhosis. In a number of 
cases, no identifiable cause for the portal 
vein thrombosis can be found. Throm-
bosis of the portal vein may partially or 
totally occlude its flow (4). Unenhanced 
CT may show focal high attenuation 
in the portal vein and venous enlarge-
ment when the thrombosis is acute. On 
contrast-enhanced CT, thrombi usually 
manifest as low-attenuation intralumi-
nal lesions combined with the enlarge-
ment of the involved portal vein (Fig. 
10). Chronic thrombosis can lead to the 
formation of multiple collateral chan-
nels and subsequent cavernous trans-
formation of the portal vein (4). Calci-
fication is occasionally seen in chronic 
thrombosis of the portal vein. 

Figure 7. An axial MDCT image through the upper abdomen 
showing a normal relationship between the superior 
mesenteric artery (A) and the superior mesenteric vein (V). 

Figure 8. a, b. An axial MDCT image obtained through the upper abdomen (a) showing a vertical orientation of the superior mesenteric artery 
(A) and the superior mesenteric vein (V). Axial MDCT scan obtained through the lower abdomen (b) shows contrast agent-filled small bowel 
(thin arrows) on the left and colon (thick arrow) on the right.

ba
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Cavernous transformation of the 
portal vein

Cavernous transformation of the 
portal vein is defined as a masslike 
network of intertwined veins in the 
hepatoduodenal ligament and porta 
hepatis that provides an alternative 
pathway by replacing a stenosed or 
occluded portal vein (4, 13, 14). Cav-
ernous transformation has been dem-
onstrated by sonography as early as 
6–20 days after the thrombotic event 
(Fig. 11).

Pseudothrombus
Pseudothrombus in the portal vein 

caused by laminar flow is often ob-
served during an arterial-phase CT scan. 
This is a common flow-related artifact 

resulting from the incomplete mixing 
of enhanced blood in splenic veins 
with unenhanced blood in superior 
mesenteric veins (13). Delayed-phase 
imaging will usually demonstrate ho-
mogenous portal venous enhancement 
(Fig. 12). 

Arterioportal shunts
Arterioportal shunts may be congen-

ital (vascular malformations in Osler-
Weber-Rendu syndrome) or acquired 
(hepatic tumors, trauma, intervention-
al procedures, cirrhosis) (Fig. 13) and 
consist of a communication between 
the hepatic artery and the portal ve-
nous system. 

Dynamic CT performed during the 
hepatic arterial phase shows an ear-

ly and marked enhancement of the 
main portal vein, segmental branches 
or major tributaries with an attenua-
tion approaching that of the aorta, as 
well as an early enhancement of the 
portal vein with nonenhancement of 
the splenic and mesenteric veins (1, 
13). 

Hepatic involvement is believed to 
be a common manifestation of he-
reditary hemorrhagic telangiectasia 
(15). Contrast-enhanced CT common-
ly shows a prominent hepatic artery. 
Dynamic study may also demonstrate 
the presence of an arterioportal shunt 
and telangiectases as a diffuse hetero-
geneous enhancement of the hepatic 
parenchyma (Fig. 14). 

Figure 9. a, b. Axial MDCT scan (a) showing an inverted 
relationship between the superior mesenteric artery (A) and the 
superior mesenteric vein (V). A coronal MDCT reformatted image 
(b) showing contrast agent-filled small bowel on the right and 
colon on the left. Note cecal position (arrow). 

ba

Figure 10. a, b. A 56-year-old woman with portal vein thrombosis. Axial MDCT scan demonstrates an enlargement of the portal vein and a low-
attenuation intraluminal thrombus (a, arrow). A more caudal section (b) shows a thrombus in the superior mesenteric vein (small arrow). Note 
the nodularity of the liver surface due to cirrhosis.

ba
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Figure 11. a–c. Portomesenteric venous thrombosis in a 43-year-
old man with cirrhosis. Three sequential axial MDCT images show a 
cavernous transformation (a, arrows) at the porta hepatis, a large filling 
defect (b, large arrow) at the level of portovenous confluence with 
evidence of small-vessel collateralization (small arrows), and a thrombus 
in the SMV (c, thick arrow). Perihepatic fluid is present.

ba

Figure 12. a–d. 
Pseudothrombosis 
of the main portal 
and the splenic 
veins. Axial MDCT 
scans obtained 
from the upper 
abdomen during 
the hepatic 
arterial phase 
(a, c) show a 
low-attenuation 
mass (arrow) 
mimicking portal 
vein thrombosis 
in the main portal 
vein and splenic 
vein. Portal 
venous phase 
CT scans (b, d) 
show normal 
enhancement of 
the portal venous 
confluence.
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Gas in the portal venous system
On CT scans, air in the portal vein 

manifests as ramifying streaks with air 

attenuation that can reach the capsule 
at the periphery of the liver (1). Air 
has a propensity to accumulate in the 

intrahepatic radicles of the left portal 
vein due to its more ventral location 
(Fig. 15).

Figure 13. Neoplastic arterioportal fistula in a patient with 
hepatocellular carcinoma. The axial CT scan in the arterial phase 
shows an early enhancement of the portal vein and an increased 
perfusion of the hepatic lobes. The MDCT scan shows a tumor (star) 
invading the left and the right portal veins (arrows) and tumoral 
thrombus within the veins. 

Figure 14. a, b. Axial arterial-phase MDCT images in a 46-year-old woman with hereditary hemorrhagic telangiectasia of liver. CT scan showing 
diffuse parenchymal heterogeneity and numerous telangiectases (a). Early filling of the left portal vein (arrow) during the arterial phase is 
consistent with an arterioportal shunt. Dilated common hepatic artery (a, white arrow) is seen.

ba

Figure 15. a, b. Intestinal 
pneumatosis in a 58-year-
old man with progressive 
worsening of abdominal 
pain after aortobifemoral 
bypass grafting. Portal venous 
phase axial MDCT scan (a) 
obtained in a patient with 
mesenteric ischemia shows 
gas distributed in a branching 
pattern at the periphery of 
the liver. Coronal MDCT 
reformatted image (b) shows 
pneumatosis within the wall 
of the jejunum (large arrow) 
and ascending colon (small 
arrow). 

ba
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