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Double portal veins are a duplication of the portal vein and normal portal vein with an
accessory portal vein. We report a case of a 63-year-old asymptomatic female with double
portal veins. There was fat accumulation observed in the area which was supplied by the
first portal vein in normal position, and fatty sparing of the liver was observed in the area
which was supplied by the second portal vein in the preduodenal position. The 2 portal veins
were equal in size. Furthermore, the patient presented with multiple congenital anomalies,
including double inferior vena cava, splenic lobulation, and accessory liver lobe. Therefore,
double portal veins in our case were thought to be an incomplete duplication of the portal
vein with multiple congenital anomalies.

© 2023 The Authors. Published by Elsevier Inc. on behalf of University of Washington.

This is an open access article under the CC BY-NC-ND license
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Introduction

The portal vein (PV) is normally formed by the splenic and su-
perior mesenteric vein junction, posterior to the neck of the
pancreas. The main portal vein is divided into the right and
left portal veins at the porta hepatis. There are 2 types of dou-

ble PVs: a duplication of the portal vein (DPV) and normal por-
tal vein with an accessory portal vein (APV) [1-9]. DPV is a very
rare congenital anomaly, which has 2 separate portal veins
course upward to the porta hepatis and divide into segmen-
tal branches [1-7]. Only a few cases with computed tomogra-
phy (CT) evidence of DPV have been reported in the literature
[1-5,7]. The APV has a small caliber with a caliber size which
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Fig. 1 - Unenhanced computed tomography (CT) abdomen
shows fatty hepatic attenuation with focal sparing of the
ventral segment of the right anterior sector (asterisk).

ranges from one-fifth to one-third of the main PV [9]. Crite-
ria to distinguish DPV from APV remain unclear. We present a
rare case of a 63-year-old female with double PVs suggesting
incomplete DPV described by using a 0.4-mm slice thickness
through photon counting CT.

Case report

A 63-year-old asymptomatic female was hospitalized as a re-
sult of a suspicion of a retroperitoneal cystic mass diagnosed
using ultrasonography. Her serum liver enzyme levels (aspar-
tate aminotransferase, 21 U/L; alanine aminotransferase, 25
U/L; cholesterol, 201 mg/dL; and total bilirubin, 0.3 mg/dL) and
glucose level (91 mg/dL) were elevated. Unenhanced CT scans
(Fig. 1) showed fatty liver (30 HU) with focal sparing (54 HU)
at the anterior segment of the right lobe. Dynamic abdom-
inal CT was performed in evaluating retroperitoneal cystic
mass using photon-counting CT (NAEOTOM Alpha; Siemens
Healthineers). We evaluated 2 dimensional images which in-
clude multi-planar projection of 0.4-mm slice thickness. Vol-
ume rendering and maximum intensity projection images of
the vessels were reviewed as necessary.

One PV entered the normal liver hilum (PV1) and the other
PV anterior to the pancreatic head (PV2) entered the liver in-
feriorly and supplied the ventral segment of the right ante-
rior sector, on postcontrast enhanced CT scans (Fig. 2a-€). PV 1
flow was supplied from the splenic vein and superior mesen-
teric vein (SMV) (Fig. 3). Flow of the PV 2 was supplied from
the SMV (Fig. 3). Both PVs connected the bridging part of the
SMV, and the inferior mesenteric vein joined into the bridg-
ing part of the SMV (Fig. 3a, b). The ranges of PV1 and PV2
were almost equal and both PVs showed similar contrast- en-
hancement in all phases. The right gastric vein joined into the
PV1, and the right gastroepiploic vein joined into the PV2. The
splenic artery and the left gastric artery branched from the
celiac artery, the left gastric artery branched from the left hep-

atic artery, and the common hepatic artery branched from the
superior mesenteric artery. The left ligament of teres was nor-
mal. A small accessory lobe of the liver adjacent to the gall-
bladder was noted (Fig. 2b). There was a double inferior vena
cava (Fig. 2b, Fig. 3), splenic lobulation (Fig. 1c), and discrete
lobulations of the pancreatic head tissue as other congenital
abdominal anomalies. Liver hemangiomas in the right lobe,
left adrenal adenoma, and retroperitoneal lymphangioma co-
existed. On the chest CT images, the right lung showed 2 lobes
with bilateral incomplete inter-lobal fissure. Magnetic reso-
nance cholangiopancreatography revealed a normal bile duct
system. The common bile duct normally ran parallel to PV1.

Discussion

The portal venous system evolves through a complex pro-
cess which includes the selective persistence of parts of the
vitelline venous system and communication with the umbil-
ical venous system during the development of the liver be-
tween the 4th and 12th weeks of gestation [10-12]. There are
three cross-communications between the vitelline veins: cra-
nial, middle, and caudal [1,11,12]. Cranial and caudal com-
munications lie ventral to the gut, but the middle communi-
cation lies dorsal to the gut. There is selective involution of
the venous network, and the caudal part of the right vitelline
vein and the cranial part of the left vitelline vein progres-
sively obliterate, which produces the PV [1,10-12]. The ma-
jor anatomic variants of the portal venous system include
the congenital absence of the PV, absent branching of the PV,
and preduodenal PV [1-7,10,13,14]. The APV is a rare anomaly,
wherein a small-caliber vein directly branched from the PV
[8,9], and DPV is a very rare developmental anomaly, which
has been described only in case reports [1-7]. DPV has sepa-
rate portal veins on its upward course to the porta hepatis.
There are 2 types of DPV reported [1-7]. One PV was derived
from the splenic vein and the other PV was derived from the
SMV in the first type [2]. The splenic vein and SMV joined to
form a PV at the anterior portion of the pancreatic head and
2 PVs bifurcated outside the liver in the second type [1,4-6].
Two bifurcated PVs coursed to the porta hepatis in parallel in
some cases [4,5]. In our case, the double portal veins could be
an incomplete DPV since bridging of the SMV between the 2
PVs was present, and both PVs were of equal size. Additionally,
PV2 was a preduodenal portal vein as well as previously re-
ported DPVs [1-3,6]. However, a preduodenal portal vein was a
large main portal vein, and a small tortuous portal vein mim-
icked a cavernous transformation which branched from the
splenic vein in Yangs’ case [3]. DPVs were in a preduodenal
position in a case reported by Snavely et al. [6]. A preduodenal
portal vein results from the abnormal obliteration of this dor-
sal connection and a persistence of flow through the caudal-
ventral anastomosis [13]. Kitagawa et al. [7] reported a case
of DPV with prepancreatic postduodenal portal vein (PPPV),
and the PPPV only entered segment 2 of the liver. A major-
ity of the DPV cases could present with a preduodenal loca-
tion; however, other cases could not be evaluated if located
between the PV and duodenum or pancreatic head [4,5]. The
preduodenal PV is typically associated with other congenital
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Fig. 2 - Contrast enhanced CT images. (a-c). Axial images show the first portal vein (PV) entered into the normal liver hilum
(PV 1: large white arrow on a), the second PV anterior to the pancreatic head entered the liver inferiorly (PV 2: small white
arrow on b), a small accessory liver is adjacent to the gallbladder (black arrow on b), and double inferior vena cava (white
open arrows on b) is present. Note splenic lobulation (small arrowhead on c). (d) Sagittal image shows 2 portal veins (PV 1:
large black arrow, PV 2: small black arrow). (e) Oblique coronal image shows the PV2 (small white arrow) connected to the
SMV.
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Fig. 3 - (a, b) Volume rendering image on frontal view (a) shows PV1 and PV2 were connected to a part of the superior
mesenteric vein (violet vessel). Volume rendering image on lateral view (b) shows the PV2 ascending to the ventral right
lobe. Green vessels: veins. Red vessels: PV1 and splenic vein. Blue vessels: PV2 and SMV. RIVC: right inferior vena cava.
LIVC, left inferior vena cava; IMV, inferior mesenteric vein; SV, splenic vein.

anomalies, which include heterotaxia or polysplenia syn-
drome, situs anomalies, or biliary atresia although the pre-
duodenal PV can occur as an isolated defect [13,14]. Our case
was associated with splenic lobulation, and other coexistent
congenital anomalies were double inferior vena cava, acces-
sory liver lobe, hypoplasia of the pancreatic head, and abnor-
mal interlobar pleura. However, in our case, the patient was
asymptomatic, and the findings were incidentally found on
CT examination. To our best knowledge, DPV associated with
congenital anomalies has not yet been reported. An autopsy
case of DPV presented normal arterial, venous, and bile duct
systems [6]. Therefore, the cause of the coexistence of DPV and
other congenital anomalies in our case remains unclear.

The blood supply of the DPV was different for each case
[1,3,7]. The blood supply area was beyond the hepatic segment,
and an intrahepatic communication of the DPV may exist [1,3].
PV2 supplied the ventral segment of the right anterior sector
in our case.

There are 2 cases of DPV with fatty liver reported as well as
in our case [1,3]. The difference in fat infiltration was observed,
which were supplied by the 2 PVs, and the fat-spared area was
supplied from the main SMV flow with decreased splenic ve-
nous flow in the three cases which include our case [1,3]. We
hypothesize that fat sparing results from the main SMV flow
with decreased pancreatic enzyme levels such as insulin.

DPV may cause abdominal pain and induce portal hyper-
tension, which leads to the development of esophagogastric
varices [2,6]. Portal hypertension results from the partial ob-
struction to the portal flow caused by the abnormal course [2].

DVPs are observed as nodular or massive lesions at the
hepatic hilum; therefore, these should not be mistaken for
the other disease entities, for example, lymphadenopathies
[4]. Knowledge of the variations of the portal venous sys-
tem which includes DPV helps in the proper planning of pa-
tient management, especially for interventional surgery and
laparoscopic surgery [3]. An evaluation of DPV and its associ-
ated acquired and congenital anomalies is important, and re-
cent high-resolution CT is helpful in determining the accurate
anatomy.

Conclusion

We reported a case of double PVs with multiple congenital and
acquired anomalies. There was fat accumulation observed in
the area supplied by PV 1 with normal position, while sparing
of fatty liver was observed in the area supplied by PV2 in the
preduodenal position. The double PVs in our case was sugges-
tive of an incomplete DPV because of the bridging of the SMV
between the 2 PVs in the same size.

Patient consent

Informed consent for publication of their case was obtained
from the patient.
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Supplementary materials

Supplementary material associated with this article can be
found, in the online version, at doi:10.1016/j.radcr.2023.05.043.
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