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We present a case of isolated intrahepatic portosystemic shunts with an aorto- hepatic-
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umbilical connection; prenatally diagnosed with 3D Doppler flow in a 27-year-old patient
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at 27 weeks of gestation. Fetal karyotyping was normal, detailed evaluation of the venous
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and cardiovascular system showed a patent ductus venosus and no other abnormalities.
These fetuses with isolated intrahepatic shunts are at risk for intra-uterine growth restriction (27%), all cases had a good prognosis with live births. Postnatal follow-up to control
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shunt closure is vital as persistent shunts may lead to subsequent complications.
© 2021 The Authors. Published by Elsevier Inc. on behalf of University of Washington.

Prenatal ultrasound
Umbilical-Portal Venous System

Introduction
Congenital portosystemic venous shunts (CPSS) have been
described in numerous cases, most commonly diagnosed in
childhood or adult life. High resolution sonography and 3D
Doppler flow applications have enabled the prenatal detection
of liver arterio-venous malformations involving the umbilical-
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portal venous system (UPVS). The UPVS is unique in the sense
that it is derived from two different embryological precursors
namely the portal and/or vitelline and umbilical veins.
Prenatally diagnosed isolated intrahepatic portosystemic
venous shunts (IPSS) have been widely scattered among different case series with diverse presentations and variable outcomes. Most commonly they have been diagnosed in late pregnancy and involving the left portal vein and the left hepatic
vein. We present a case and reviewed the literature with re-

✩
Competing Interests: The author declares that there is no conflict of interest that could be perceived as prejudicing the impartiality
of the research reported.
∗
Corresponding author.
E-mail address: maxime.vanhoudt@student.kuleuven.be (M. Van Houdt).
https://doi.org/10.1016/j.radcr.2021.02.037
1930-0433/© 2021 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 (http://creativecommons.org/licenses/by-nc-nd/4.0/)

1174

Radiology Case Reports 16 (2021) 1173–1178

Fig. 1 – Twenty-seven-year-old primigravida at 27 weeks of gestation. (A) 3D multiplanar reconstruction & (B) 2D cross
sectional sagittal colour doppler ultrasound evaluation of the portosystemic shunts (∗ ). UV, umbilical vein; DV, ductus
venosus; SMA, superior mesenteric artery; HA, hepatic artery; SDV, subdiaphragmatic vestibulum; RA, right atrium; Ao,
aorta; PV, portal vein.

gards to prenatally detected isolated IPSS cases and their outcomes.

Case report
A 27-year-old primigravida was referred to our centre for a
possible umbilical varicose vein dilatation (UVD) at 26 weeks
and 6 days. She was in good health and had an uncomplicated
pregnancy with a low risk NIPT test. The UVD of 6-.9 mm was
confirmed and on UPVS review multiple intrahepatic portalsystemic arterio-venous malformations were noted. Shunts
were present between the portal- hepatic system incorporating the right portal vein and right hepatic vein; left inferior
portal and middle hepatic vein and lastly the left inferior portal vein and left hepatic vein. The portal system, inferior vena
cava and ductus venosus (DV) were present and drained separately and directly into the right atrium. Upon 3D Doppler
reconstruction another shunt between the hepatic artery and
the umbilical vein was also noted (Fig. 1).
The mesenteric and caval system appeared normal and no
other abdominal anomalies were noted. In addition, there was
mild cardiomegaly with a cardiothoracic ratio of 0.68, normal
cardio-pulmonary vascular connections, grade 1 tricuspid regurgitation, and absence of any hydrops features. Just distal
to the fetal umbilical cord insertion an UVD of 10 mm (normal
average 6,0 mm, SD 1,0) [1] was noticed without turbulent flow
(Fig. 2).

During weekly follow up visits, the fetus remained hemodynamically stable and no further anomalies were noted. At 29
weeks the dilatation of the UVD increased to 17-.7 mm (normal average at 29 weeks, 6,6 mm SD 0,9 mm) [1] with presence
of a small thrombosis of 5 × 6 mm (Fig. 2). Flow in the umbilical artery and vein remained laminar and non-obstructed.
After multidisciplinary discussion the patient was admitted
for daily CTG and Doppler monitoring and administration of
antenatal corticosteroids. All features subsequently remained
stable, and she was induced at 37 weeks. An uneventful delivery resulted in a girl of 2800 g being born who only needed
short term CPAP support (<24 hours). Postnatal conventional
cytogenetic analysis revealed a normal female karyotype.
Postnatal ultrasound and MRI angiography confirmed the
prenatal findings noting multiple vascular malformations involving liver segments II (4 mm and 3 × 7 mm), IV (6 mm), VII
(5,5 mm), VIII (6 mm). The hepatic veins and portal veins were
of normal caliber with triphasic- and uniphasic flow respectively. There was no arterial hypertrophy nor hyperdynamic
arterial flow in the liver (PSV 45 cm/s). Echocardiography noted
a normal structured and functional heart with a mild left-right
shunt and a patent foramen ovale, a persistent open arterial
duct closed by day 21. Pathology of the umbilical cord confirmed the presence of a small thrombus.
The mother and child were discharged in good condition
after 10 days. The hyperammonemia (maximal 138 mmol/l)
partially resolved spontaneously by 3 weeks. But during her
weekly follow ups the shunt persisted with mildly elevated
hyperammonemia. At no point was any cardio- pulmonary or
hemodynamic dysfunction noted. After 6 months the most
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Fig. 2 – (A) 2D-ultrasound image of the dilated umbilical vein in a 27-year old primigravida at 29 weeks of gestation. (B)
presence of the small thrombus. (C) postnatal image of the umbilical cord at day 1 in female neonate.

Fig. 3 – Six-month-old female patient. (A) Postpartal angiographic image of the portal-hepatic venous shunt (∗ ) in liver
segment IV. (B) Angiographic image after coiling. LPV, left portal vein; RAPV, right anterior portal vein; RPPV, right posterior
portal vein; RPV, right portal vein.

prominent shunt in segment IV was coiled percutaneously
(Fig. 3).

Discussion
CPSS are rare vascular anomalies connecting portal branches
directly to systemic veins, bypassing the liver. The CPSS have
been classified depending on the presence of intra and/or extrahepatic features and the presence or absence of the DV with
most literature coming from the pediatric surgery field [2,3].
Achiron et al., presented a prenatal classification system with
three subtypes: Type I, umbilical-systemic shunt; Type II, DVsystemic shunt; Type III, portal-systemic shunt [4]. Therefore,
our case fits the description of a type IIIa, with an intrahepatic shunt between the portal venous system and the hepatic
veins.
Review of the literature identified 22 prenatally detected
cases of isolated IPSS with intact DV and normal karyotype,
as summarized in Table 1. Median gestational age at diagnosis
was 31 weeks (range 26-34 weeks). All resulted in a live birth

but 27% (6/22) was associated with in utero growth restriction (IUGR). Delle Chiaie et al., suggested that IUGR without
hypoxia can be explained in these cases due to the impaired
umbilical blood perfusion of the liver parenchyma [5]. In view
of this finding, not only should IPSS be actively excluded in
cases of unexplained IUGR, but inversely all CPSS cases should
be monitored for altered fetal growth.
Since the majority of CPSS cases have been described in
the context of multiple major abnormalities and syndromes,
especially in the context of extrahepatic shunts [6], common
associated cardiovascular anomalies must be excluded. In
five cases of intrahepatic portosystemic shunts an additional
aorto-portal-systemic connection was described. Two in context of chromosomal abnormalities, being trisomy 21 [7] and
trisomy 17 [8]. While in those with a normal chromosomal profile, one had a left sided inferior vena cava [9], and two cases
had an intrahepatic porto-systemic shunt with a coincidental
shunt between the hepatic artery and de vena porta [10,11].
In 23% (5/22) there was no data reported on postnatal examinations to confirm the shunt. And in one case the shunt
was not observed on postnatal ultrasound. In our case, the
aorto-hepatic- umbilical connection was not confirmed post-
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Table 1 – Review of prenatally diagnosed isolated intrahepatic portal-systemic shunt cases with DV present and normal karyotype.

Achiron et al [4]

Maternal
Age
(years)

GA (weeks) at
diagnosis

Shunt origin and
drainage

DV

Prenatal additional
anomalies

Pregnancy outcome

Postnatal
confirmation

Shunt outcome or
resolution

1

32.2 ±5.3

21

LPVm–RHV
LPVi–MHV
Absent RPV
LPVs–LHV
Absent RPV
LPVm–MHV
LPV–LHV
LPVi–MHV
LPV–LHV
LPVi–LHV

Present

Live birth

Confirmed

Spontaneous closure

Present

SUA.
SVC to coronary sinus.
Right clubfoot
None

Live birth

Confirmed

Spontaneous closure

Present
Present
Present
Present
Present

None
None
None
None
None

Live birth
Live birth
Live birth
Live birth
Live birth
Postpartum
diagnosis of right
diaphragmatic
eventration, bilateral
inguinal hernia and
hypoplastic thumb
Live birth

Confirmed
Confirmed
Confirmed
Confirmed
Confirmed

Spontaneous closure
Spontaneous closure
Spontaneous closure
Spontaneous closure
Spontaneous closure

Confirmed

Spontaneous closure

Live birth

Confirmed

Spontaneous closure

Live birth, 35 weeks

Confirmed (US)

Live birth, 39,3
weeks
Live birth, 30 weeks

Confirmed
(US)
Confirmed (US)

Spontaneous closure at 3
m
coiling after 1 month
hyperammonaemia
Spontaneous closure 2 m

2

28

3
4
5
6
7

27
35
36
35
31

8

33

LPV–HV
cavernous

Present

9

26

LPV–HV
cavernous

Present

23

PV-HV aneurysm

Present

Early IUGR
Dilated echogenic
Bowel.
Early IUGR
Hepatic calcifications,
Right Hydronephrosis.
IUGR, oligohydramnios

Present

SGA

Present

Live birth, 36w5d
Live birth, PPROM
34weeks
Live birth
Live birth

Confirmed (US)
Confirmed (US)

Spontaneous closure 8 m
Spontaneous closure 28d

Confirmed (US)
Not reported

Spontaneous closure 6 m
Unknown

Live birth

Not reported

Delle et al. [5]

10

32

Han et al. [10]

11

36

12

28

LPV-LHV
with shunt HA-PV
LPV-LHV

Jerabek-klestil et al. [13]

13
14

27
20

34
33

LPV-LHV
LPV-RHV/LHV/MHV

Present
Present

Achiron et al. [14]
Wu et al. [11]

15
16

31
27.8
(20-40)
27.8
(20-40)

22
31

RPV-HV
PV-LHV

Present
Present

IUGR, Prominent
umbilical vein
Early IUGR
DCDA twin
IUGR in affected fetus
None
Cardiomegaly

25

PV-HV
With HA-PV

Present

Cardiomegaly

17

(continued on next page)
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Case

Live birth
None
Present
LPV-LHV RPV-RHV
283

26
39

31

43

19
20

21

22

GA, gestational age; DV, ductus venosus; IUGR, intra uterine growth restriction; LPV, left portal vein; LPVi, left portal vein inferior branch; LPVm, left portal vein medial branch; LPVs, left portal vein
superior branch; MPV, main portal vein; RPV, right portal vein; HV, hepatic vein; RHV, right hepatic vein; LHV, left hepatic vein; MHV, medial hepatic vein; HA, hepatic artery; SUA, single Umbilical
artery; SVC, superior vena cava; UV, Umbilical vein; BW, birth weight at delivery in grams; PPROM, preterm rupture of membranes; DCDA twin, dichorial diamniotic twin; SGA, small for gestational
age; US, Ultrasound.

Unknown

Unknown

No postnatal
examinations
No postnatal
examinations
Live birth
None
Present

43
18

366

LPV-MHV
PV-MHV
PV-RHV
LPV-MHV LPV-RHV
264
315

Present
Present

None
None

Live birth
No data

Not confirmed
(US)
Confirmed (US)
Not reported
Live birth
LPV-MHV
316

Present

None

Postnatal
confirmation
Shunt origin and
drainage

Wang et al [15]

Table 1 (continued)

Case

Maternal
Age
(years)

GA (weeks) at
diagnosis

DV

Prenatal additional
anomalies

Pregnancy outcome

Shunt outcome or
resolution

Persistent after 7 m
Unknown

Radiology Case Reports 16 (2021) 1173–1178

1177

natally. Prenatal compensatory dilatation of the hepatic artery
may have been misleading by indicating a more complex arteriovenous malformation.
Continuous post-natal re-evaluations are of vital importance since persistent portosystemic shunts can lead to
hepatic encephalopathy, hepatopulmonary syndrome, and
pulmonary hypertension. Neonates should be monitored until
spontaneous shunt closure occurs, in IPSS patients this mostly
happens during the first year of life. In this case series, only
one case needed operative closure. Operative closure should
be considered in symptomatic cases or if closure does not occur after the first year of life [12].
In conclusion, this case highlights the importance of a
standardized examination of the fetal venous system during
second trimester ultrasound fetal structural review. Fetuses
that present with IPSS anomalies need detailed evaluation of
the entire venous and cardiovascular system, and high frequency monitoring for IUGR. Patients can be reassured that
most fetuses with IPSS and present DV have a normal karyotype and will result in a live term born infant.

Supplementary materials
Supplementary material associated with this article can be
found, in the online version, at doi:10.1016/j.radcr.2021.02.037.
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