DR

Diagn Interv Radiol 2022; 28:21-28

ABDOMINAL IMAGING

© Turkish Society of Radiology 2021

REVIEW

Abernethy malformation: A comprehensive review

Parveen Kumar
Mona Bhatia

Amit Garg
Shashank Jain
Khemendra Kumar

From the Department of Radiodiagnosis and Imaging

(PK. P4 drparveenbatra@gmail.com, M.B., A.G., S.J., KK.),

Fortis Escort Heart Institute, New Delhi, India.
Received: 25 June 2020; revision requested 20 July
2020; last revision received 7 September 2020;
accepted 8 September 2020.

Published online 21 September 2021.

DOI 10.5152/dir.2021.20474

ABSTRACT

Abernethy malformation is a rare condition in which portomesenteric blood bypasses the liver
and drains into a systemic vein through a partial or complete shunt. It is categorized into 2 types
on the basis of the shunt pattern between the portal vein and a systemic vein. Abernethy malfor-
mation is associated with multiple congenital anomalies and acquired complications. A detailed
understanding of the anatomy and embryology is a prerequisite to interpret imaging findings.
Computed tomography and magnetic resonance angiography can delineate the shunt anatomy
and evaluate concomitant malformations. It is essential to differentiate Abernethy malformation
from intrahepatic portosystemic shunts and acquired extrahepatic portosystemic shunts. Mild
metabolic abnormalities are treated with dietary modifications and medical therapy. Definitive
treatment is done in symptomatic patients. Generally, type | Abernethy patients undergo liver
transplantation, and type Il undergo shunt occlusion by surgery or transcatheter coiling.

a rare condition in which the portosystemic blood drains into systemic circulation,

bypassing the liver. John Abernethy first reported itin 1793.' Itis a very rare anomaly
with unknown prevalence; however, there is an increase in the number of cases in the last
decade due to improved imaging techniques and awareness. It is categorized into 2 types
based on the status of intrahepatic portal venous branches. Abernethy malformation is
associated with multiple congenital anomalies and childhood complications.? The decision
about the timing and mode of intervention is based on its types and associated abnormali-
ties. The various available diagnostic modalities include ultrasonography (US), computed
tomography (CT), magnetic resonance imaging (MRI), and conventional angiography. In
this article, we review the anatomy, embryology, classification, clinical findings, imaging
appearances, differential diagnosis, and concomitant abnormalities of this rare anomaly. We
also discuss the common interpretive pitfalls and various therapeutic options.

Q bernethy malformation, also called congenital extrahepatic portosystemic shunt, is

Anatomy and embryology

The portal vein (PV) is formed by the union of the splenic vein (SV) and the superior mesen-
teric vein (SMV). It measures approximately 9-12 mm in diameter and 8 cm in length in adults.
It drains the splanchnic circulation and divides into 2 intrahepatic branches named right por-
tal vein (RPV) and left portal vein (LPV). The RPV further divides into right anterior portal vein
(RAPV) and right posterior portal vein (RPPV). The RAPV supplies segments V and VIlI, while
the RPPV supplies segments VI and VII. The LPV perfuses segments II, lll, and IV. Segment |
(caudate lobe) is supplied by the branches of both RPV and LPV. These segmental branches
undergo a series of ramifications, ultimately leading to small venules which drain into hepatic
sinusoids.?

The embryology of the portovenous system is a very complex process. The development of
the portovenous system occurs in close relation with the umbilical venous system. There are
2 vitelline veins, which arise from the yolk sac, travel along the third part of the duodenum,
and drain into primitive hepatic sinusoids. These vitelline veins are connected by 3 transverse
communicating channels located at the level of transverse hepatic fissure (cranial most), dor-
sal (middle), and ventral (caudal most) to the duodenum. During the process of embryonic
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Figure 1. Embryologic development of the portal vein (PV). The ultimate PV system originates from
selective involution of the anastomotic network between the right and left vitelline veins, which are
located around the duodenum. 1, superior anastomotic communication; 2, middle anastomotic
communication; 3, inferior anastomotic communication.

development, there occurs complex intri-
cate involution of these transverse com-
municating channels resulting in the fully
developed adult portal system (Figure 1).

If the vitelline veins fail to establish
anastomosis with hepatic sinusoids, type |
Abernethy malformation results. The persis-
tent right vitelline vein results in an abnor-
mal shunt between the PV and the retro
hepatic inferior vena cava (IVC). Similarly,
the persistence of the left vitelline vein
leads to an abnormal shunt between the
PV and the suprahepatic IVC or right atrium.

- TypelAbernethy is characterized by atretic
intrahepatic portal venous branches and
complete extrahepatic shunting of portal
blood into a systemic vein, while type Il is
characterized by hypoplastic intrahepatic
portal venous branches with partial extra-
hepatic shunting of portal blood into a
systemic vein.

- Abernethy malformation is associated
with multiple congenital malformations
and acquired complications.

- It is essential to differentiate Abernethy
malformation from congenital intrahe-
patic and acquired extrahepatic shunts.

- Multipurpose catheters should be consid-
ered when typical catheters fail to identify
the RAV or when cranially oriented RAVs
are identified but cannot be sampled with
typical catheters.

There is another network of cardinal veins in
the proximity of the PV which is the precur-
sor of IVC. In the embryonic stage, there are
multiple anastomotic channels between
vitelline and sub-cardinal veins. These anas-
tomotic channels undergo involution with
fetal development, and any abnormal per-
sistence of these channels results in type Il
Abernethy malformation.**

Classification

The most commonly used clinical clas-
sification was proposed by Morgan and
Superina. It divides the Abernethy malfor-
mation into 2 types: type | and type II. Type
| refers to the total aplasia of intrahepatic
portal venous branches with complete
extrahepatic shunting of portovenous
blood into systemic veins. Type | is further
divided into type la (SMV and SV drain
separately into a systemic vein) and type Ib
(SMV and SV unite to form a common vein
before draining into a systemic vein). Type
Il Abernethy refers to hypoplastic intrahe-
patic portal venous branches with partial
extrahepatic shunting of portovenous
blood into a systemic vein (Figure 2).'¢

Lautz et al.’ further classified type Il into
lla (right or left PV drains into a systemic
vein) and llb (main PV drains into a systemic
vein). Kobayashi et al.® divided Abernethy
malformation into 3 types based on the site
of the shunt, which are type A (the PV drains
into the IVC), type B (the PV drains into the
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Figure 2. Different types of Abernethy
malformation. Type 1 represents end-to-side
shunting of PV into IVC bypassing the liver. It is
further classified into type 1a (the SV and SMV
drain separately) and 1b (both veins drain
together after forming a common trunk).
Intrahepatic portal venous branches are absent.
Type 2 represents side-to-side anastomosis of PV
and systemic vein. Intrahepatic portal venous
branches are present but hypoplastic. PV, portal
vein; SV, splenic vein; SMV, superior mesenteric
vein; HV, hepatic veins; IVC, inferior vena cava.

renal vein), and type C (the PV drains into
the iliac vein). Another classification was
proposed by Kanazawa et al.° based on the
degree of intrahepatic portal hypoplasia
on venography. He classified Abernethy
malformation into 3 types: (1) mild type,
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Table. Congenital anomalies and childhood complications related with Abernethy malformation

Cardiovascular system

Atrial or ventricular or atrioventricular septal defect
Patent foramen ovale or patent ductus arteriosus
Transposition of the great arteries
Tetralogy of Fallot

Coarctation of the aorta
Dextrocardia

Hepatobiliary system

Biliary atresia

Congenital choledochal cyst
Caroli's disease

Congenital hepatic fibrosis
Intrahepatic gallbladder

Focal nodular hyperplasia
Hepatic adenoma

Nodular regenerative hyperplasia
Hemangioma

Hepatoblastoma
Hepatocellular carcinoma
Gastrointestinal system
Intestinal malrotation
Esophageal atresia

Anal atresia
Tracheoesophageal fistula
Bronchopulmonary system
Bronchomalacia
Laryngomalacia

Bronchial stenosis

Tracheal diverticulum

Lobar pulmonary sequestration
Vascular system

Agenesis or double IVC
Azygos/hemiazygos continuation of the inferior vena cava
Double aortic arch

Pulmonary artery stenosis
Urogenital system
Vesicourethral reflux

Renal agenesis

Hydronephrosis

Varicocele

Crossed fused ectopia

Skeletal system

Scoliosis

Sacral anomalies

Hip dysplasia

Hemivertebra

Facial dysmorphism

Metabolic disorders
Hyperammonemia
Hypergalactosemia
Hypothyroxinemia

Shunt complications
Portopulmonary hypertension
Portopulmonary syndrome
Portosystemic encephalopathy
Miscellaneous
Polysplenia/asplenia

Situs inversus/heterotaxia

defined as well-visualized intrahepatic por-
tal radicles showing uniform distribution;
(2) moderate type, defined as moderate
visualization of intrahepatic portal radicles;
and (3) severe type, defined as very poor or
no visualization of intrahepatic portal rad-
icles. The purpose of these classifications
is to describe the shunts, thereby guiding
management decisions. Sometimes, it is
difficult to distinguish between type 1 and
type 2 on imaging, and a liver biopsy serves
as a problem-solving tool.

Concomitant congenital and
acquired abnormalities

Multiple congenital anomalies are seen
in association with Abernethy malfor-
mation. Cardiac anomalies are the most
common and include atrial septal defect
(ASD), ventricular septal defect, patent
foramen ovale, patent ductus arteriosus,
and tetralogy of Fallot. The association of
cardiac anomalies with Abernethy malfor-
mation suggests either a common damage
to heart and portal structures early in the
embryonic life, or an adaptive response
of the heart to overcome the hyperdy-
namic effects of the portosystemic shunt.
Common hepatobiliary anomalies include
congenital choledochal cyst, biliary atresia,
congenital hepatic fibrosis, and intrahe-
patic gall bladder.’®"

Patients with Abernethy malformation
show myriad hepatic pathologies rang-
ing from fatty liver to hepatic malignan-
cies. The altered hemodynamics is the
key contributor to these changes. It has
been seen that absent or decreased portal
venous supply leads to hypertrophy of the
hepatic artery and upregulation of arterial
flow. The increased arterial blood supply
brings more hepatic growth factors which
predisposes to the development of mul-
tiple benign and malignant hepatic lesions.
Studies have shown increased incidence of
hepatic adenoma, hepatoblastoma, focal
nodular hyperplasia (FNH), and hepato-
cellular carcinoma (HCC) in Abernethy
patients.”> Besides these hemodynamic
changes, multiple mutations in the beta-
catenin pathway are also known to contrib-
ute to hepatic malignancies.”™

Patients with Abernethy malforma-
tion are also prone to primary pulmonary
hypertension (PPH) and portopulmonary
syndrome (PPS). It has been postulated that
PPH develops due to repetitive pulmonary
embolism from mesenteric circulation,
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and PPS results from shunting of vaso-
dilatory mediators from the PV to a sys-
temic vein." The common congenital and
acquired abnormalities are summarized in
the Table.

Clinical features

Abernethy malformation can present
with a broad spectrum of clinical mani-
festations. Usually, it is diagnosed during
childhood in the presence of hypergalacto-
semia, cholestasis, failure to thrive, psycho-
motor delay, or other congenital defects.
Sometimes, it is incidentally found during
the workup of abdominal pain, abnormal
liver function tests, portopulmonary syn-
drome, portopulmonary hypertension, or
portosystemic encephalopathy. Currently,
prenatal diagnosis of Abernethy malfor-
mation is increasingly being reported.
The common findings on antenatal ultra-
sound include abnormal portosystemic
communication or an enlarged umbilical

vein."'¢ Rarely, the patient may present
with lower gastrointestinal bleeding or
hematuria, due to rectal varices secondary
to the portosystemic shunt draining por-
tal blood into the iliac vein via an inferior
mesenteric vein."”'® To date, approximately
323 cases have been reported (182 type |
and 141 type I1).""192° There is no clear sex
preponderance. The age of presentation is
also variable. Although up to 70% of the
cases are diagnosed before 18 years or
less, the age of presentation can vary from
prenatal diagnosis to as old as 61 years for
type | and 76 years for type Il. Congenital
anomalies are more commonly seen in
type | as compared to type Il. There is no
geographical predilection and cases have
been reported worldwide. The resolution of
symptoms has been seen after liver trans-
plantation or endovascular intervention at
1-year follow up, but no data are available
on the prognosis and long-term outcomes
of various interventions.

Diagnostic modalities for
evaluation of Abernethy
malformation

Ultrasonography is the initial investiga-
tion as it is non-invasive and radiation-free.
The classical US findings include failure
to visualize intrahepatic portal venous
branches and hypertrophy of the hepatic
artery. US rules out the acquired causes of
non-visualized PV, like PV thrombosis. It also
displays the focal hepatic lesions, which
are frequently associated with Abernethy
malformation.  Contrast-enhanced  US
(CEUS) improves diagnostic accuracy in
evaluating focal hepatic lesions. The limita-
tions of US include operator dependency
and failure to delineate the extrahepatic
shunts accurately.”’

CT and MRI are of great importance for
diagnosis and pre-operative planning. Both
CT and magnetic resonance angiography
can accurately detect the shunt anatomy

Figure 3. a-e. Type 1b Abernethy malformation with hepatic focal nodular hyperplasia and pulmonary hypertension. Consecutive axial balanced turbo
field echo magnetic resonance (MR) images from inferior (a) to superior (b) show the EHPV draining into the retro hepatic IVC. No intrahepatic PV
branches are seen. Sagittal MR angiography image (c) shows a shunt directly connecting EHPV to retro hepatic IVC. T2-weighted axial MR image (d) shows
multiple hyperintense lesions (star), with hyperintense central scar in both lobes consistent with focal nodular hyperplasia. Axial contrast-enhanced
computed tomography (CECT) image (e) of the same patient shows dilated pulmonary infundibulum (34 mm in diameter) suggesting pulmonary artery
hypertension. EHPV, extrahepatic portal vein; IVC, inferior vena cava.
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and characterize various coexisting hepatic
and extrahepatic lesions. The advantages
of CT include superior spatial resolution
and fast scanning. The entire scan can be
completed in a single breath-hold. Dose
reduction algorithms can significantly
reduce the patient dose. The disadvan-
tages of CT include exposure to iodinated
contrast and ionizing radiation.”? MRI, due
to high soft tissue contrast, is an excellent
modality for evaluating various hepatic and
extrahepatic abnormalities associated with
Abernethy malformation. There is no expo-
sure to ionizing radiations. However, MRl is
limited by higher cost, availability, and the
need for sedation or anesthesia in children
and patients with MRI non-compatible
devices.

Angiography is used when the results
of other techniques are inconclusive.
Angiography techniques include indirect
mesenteric portovenography and percu-
taneous transhepatic portography. The

e

advantages of angiography include the cal-
culation of pressure gradients across shunts
and the simultaneous therapeutic occlu-
sion of selective shunts. Liver biopsy is used
to differentiate between severe hypoplasia
and total aplasia. Total aplasia is character-
ized by the absence of portal venules on
histopathology. The biopsy can also charac-
terize various hepatic lesions.?®

Imaging features

The major role of imaging in Abernethy
malformation is to demonstrate the extra-
hepatic portosystemic communication
and to diagnose the type of shunt. It is
essential in distinguishing between intra-
and extrahepatic shunts, as it may have
therapeutic implications. Type | Abernethy
malformation is characterized by aplasia of
intrahepatic portal venous branches and
complete extrahepatic shunting of portal
venous blood into a systemic vein. Imaging
shows an end-to-side shunt between the

PV and the IVC, which could be of 2 types:
the SV and the SMV drain separately into
IVC (type la), or both the SV and the SMV
form a common trunk (PV), which drains
into the IVC (type Ib) (Figures 3 and 4).
Usually, the PV drains into retro-hepatic IVC
anywhere between a point just inferior to
the hepatic venous confluence and supe-
rior to the level of renal veins. However,
there are case reports demonstrating PV
drainage into the suprahepatic IVC and
right atrium. Intrahepatic portal venous
branches are absent in type | Abernethy
malformation.?*¢

Type Il Abernethy malformation is char-
acterized by hypoplastic intrahepatic portal
venous branches with partial extrahepatic
drainage of portal venous blood into a
systemic vein. Imaging shows a side-to-
side shunt between the PV, including its
tributaries, and systemic veins. PV or its
tributaries (SMV and SV) may drain into any
systemic vein including IVC, left or right
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Figure 5. a-c. Type 2 Abernethy malformation. Axial CECT image (a) shows hypoplastic right portal venous branch and normal left branch. Sagittal CECT
image (b) shows an extrahepatic shunt between PV and suprahepatic IVC. Coronal CECT image (c) shows extrahepatic shunt between PV and IVC. RPV,

right branch of PV; LPV, left branch of PV.

renal vein, inferior mesenteric vein, and left
or right internal iliac veins (Figure 5). In case
of interrupted IVC with azygos or hemiazy-
gos continuation (i.e., left isomerism), the
PV or its tributaries drain into the azygos
or hemiazygos veins. Intrahepatic branches
are seen in type Il Abernethy malformation,
but they are hypoplastic**¢ (Figure 6).

a
Hypoplastic PV branches £

7

Hemiazygos
vein ’

Once the portosystemic communication
is demonstrated, it is equally important to
diagnose the other congenital abnormali-
ties associated with Abernethy malforma-
tion. Hepatic lesions are the most common
abdominal findings and include hepatic
adenoma, FNH, and HCC. These lesions
show typical and diagnostic appearance

A

Figure 6. a-d. Type 2 Abernethy malformation with left-sided isomerism and atrial septal defect.
Axial CECT image (a) shows hypoplastic intrahepatic portal venous branches. Axial CECT image (b)
shows shunt between splenic vein and hemiazygos vein. Polysplenia (asterisk) is also noted. Sagittal
CECT image (c) shows intrathoracic course of hemiazygos vein. Axial CECT image (d) shows atrial
septal defect (asterisk). PV, portal vein; EHPV, extrahepatic portal vein.
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on MRI. Therefore, whenever seen on US,
a triple-phase MRI with hepatobiliary-spe-
cific MRI contrast agents should be done.
Similarly, an echocardiography should be
done in every patient to rule out cardiac
anomalies.

Differentials and common
pitfalls

The common differential diagnosis of
Abernethy malformation is acquired extra-
hepatic portosystemic shunt, usually seen
in patients with cirrhosis. PV thrombo-
sis is another close mimicker. In chronic
thrombosis, the PV is replaced by a thin
fibrotic cord, which may simulate type Il
Abernethy malformation. Both cirrhosis
and PV thrombosis show secondary signs
of portal hypertension like splenomegaly,
ascites, and collateral channels. These
signs are absent in Abernethy malforma-
tion and help in distinguishing these enti-
ties (Figure 7). Furthermore, Abernethy
malformations must be distinguished
from the intrahepatic portosystemic shunt.
Intrahepatic portosystemic shunts can
be congenital or acquired (trauma, portal
hypertension). Park et al.?* have described
4 types of intrahepatic portosystemic
shunts, and the most common type is a
single vessel connecting the RPV to the
IVC. Ductus venosus is another congenital
intrahepatic portosystemic shunt. It gen-
erally closes between 2 and 18 days of life
in term infants but may remain patent in
some cases. The main difference between
the intrahepatic and extrahepatic shunts is
the site of origin. Extrahepatic shunts arise
from the main PV, and intrahepatic shunts
originate from the portal venous branches.
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Figure 7. a-d. Acquired portosystemic shunt. Oblique coronal and sagittal maximum intensity
projection CECT images (a, b) show multiple collaterals (asterisk) at splenic hilum. A large
portosystemic shunt is seen between splenic and left renal vein. Axial and coronal CECT images (c, d)
show absence of the intrahepatic portal vein and collateral channels in the porta hepatis (asterisk);
findings consistent with PV obstruction with secondary collateralization. The shunt seen between the
splenic and left renal vein is an acquired shunt due to portal hypertension, and not a congenital
portosystemic shunt. These collateral vessels and other secondary signs of portal hypertension, such
as perisplenic collaterals, differentiate PV thrombosis from Abernethy malformation.

It is essential to distinguish Abernethy mal-
formation from intrahepatic shunts and
acquired extrahepatic shunts because they
have different treatment strategies.

Treatment

Management of Abernethy malforma-
tion depends on its type, related complica-
tions, and the associated anomalies. There
is no universal approach, and the treat-
ment strategy is decided on a case to case
basis. Generally, type | Abernethy patients
need liver transplantation, whereas type
Il Abernethy can be treated by shunt clo-
sure.>?¢ All symptomatic patients must be
treated. The treatment of asymptomatic
patients is based on the shunt ratio, which
is calculated by Doppler ultrasound. If the
shunt fraction (ratio of shunt flow volume
to total portal flow volume) is greater than
60%, the chances of hepatic encephalopa-
thy are very high and hence treatment is

advised. If the shunt fraction is less than
60%, follow-up is recommended.”?® The
various indications for liver transplantation
in Abernethy malformation include hepatic
encephalopathy, liver tumor like hepato-
blastoma or HCC, and associated biliary
anomalies like biliary atresia.?*3? Multiple
authors have proposed different algo-
rithms for shunt closure in type Il Abernethy
malformation. Kanazawa et al.° have rec-
ommended interventional closure of the
portosystemic shunt based on portal
venous pressure after the balloon occlu-
sion test of the shunt. According to them,
the balloon occlusion of shunt should be
followed by measurement of portal venous
pressure (PVP). If the PVP is <25 mmHg, a
single-step occlusion of the shunt should
be done; if PVP is >30 mmHg, the patient
is a candidate for liver transplantation
or a two-step closure of shunt. The two-
step closure includes surgical banding

of the shunt followed by shunt closure
a few months later. If the PVP is between
25 and 30 mmHg, other factors are taken
into account. Blanc et al.*® have proposed
another algorithm for shunt closure.
According to them, single-step shunt clo-
sure should be performed if the PVP is less
than 32 mmHg after the balloon occlusion
of shunt. If the PVP is more than 32 mmHg,
then an alternative 2-step procedure is
recommended. Mild metabolic abnormali-
ties are treated with dietary modifications
and medical therapy. If any hepatic lesion
is noted on follow-up, a dedicated triple-
phase study should be done with hepato-
biliary MRI-specific agents like gadobenate
dimeglumine (Gd-BOPTA) a gadoxetic acid
(Gd-EOB-DTPA). These hepatobiliary agents
can characterize the lesion, notably FNH
and HCC, avoiding unnecessary liver biop-
sies. The associated anomalies also affect
the therapeutic approach. For example,ina
patient with pulmonary hypertension with
type Il Abernethy malformation and ASD,
the treatment strategy is decided on the
basis of balloon occlusion tests. If the pul-
monary pressure decreases after balloon
occlusion of ASD, the ASD is repaired first,
followed by occlusion of the portosystemic
shunt later.

Conclusion

Abernethy malformation is a rare anom-
aly with multiple clinical associations.
Most often, children present with dyspnea,
encephalopathy, and abdominal com-
plaints. The purpose of imaging is to identify
and classify the shunt, with identification
of accompanying anomalies. It is essential
to distinguish this entity from intrahepatic
shunts and acquired extrahepatic shunts.
Careful monitoring is recommended if the
patients are asymptomatic or have mild
metabolic abnormalities. Any complication
warrants appropriate therapeutic interven-
tion. Radiologists must be familiar with
imaging features of this rare anomaly for
early diagnosis and therapeutic guidance,
leading to better patient outcome.

Conflict of interest disclosure

The authors declared no conflicts of interest.

References

1. Account of two instances of uncommon for-
mation, in the viscera of the human body.
Philos Trans R Soc Lond. 1793;83:59-66.

Abernethy malformation « 27



DiPaola F, Trout AT, Walther AE, et al. Congeni-
tal portosystemic shunts in children: associa-
tions, complications, and outcomes. Dig Dis
Sci. 2020;65(4):1239-1251. [CrossRef]
Madhusudhan KS, Vyas S, Sharma S, Srivas-
tava DN, Gupta AK. Portal vein abnormalities:
an imaging review. Clin Imaging. 2018;52:70-
78. [CrossRef]

Marks C. Developmental basis of the portal
venous system. Am J Surg. 1969;117(5):671-
681. [CrossRef]

Alonso-Gamarra E, Parréon M, Pérez A, et al.
Clinical and radiologic manifestations of con-
genital extrahepatic portosystemic shunts: A
comprehensive review. RadioGraphics. 2011;
31(3):707-722. [CrossRef]

Bueno J, Pérez M, Lopez-Ben S, et al. Radiologi-
cal and surgical differences between congeni-
tal end-to-side (Abernethy malformation) and
side-to-side portocaval shunts. J Pediatr Surg.
2020;55(9):1897-1902. [CrossRef]

Lautz TB, Tantemsapya N, Rowell E, Supe-
rina RA. Management and classification of
type Il congenital portosystemic shunts. J Pedi-
atr Surg. 2011;46(2):308-314. [CrossRef]
Kobayashi N, Niwa T, Kirikoshi H, et al. Clinical
classification of congenital extrahepatic porto-
systemic shunts. Hepatol Res. 2010;40(6):585-
593. [CrossRef]

Kanazawa H, Nosaka S, Miyazaki O, et al. The
classification based on intrahepatic portal sys-
tem for congenital portosystemic shunts. J
Pediatr Surg. 2015;50(4):688-695. [CrossRef]
Kim ES, Lee KW, Choe YH. The characteristics
and outcomes of Abernethy syndrome in
Korean children: A Single Center study. Pediatr
Gastroenterol Hepatol Nutr. 2019;22(1):80-85.
[CrossRef]

Ponziani FR, Faccia M, Zocco MA, et al. Con-
genital extrahepatic portosystemic shunt:
description of four cases and review of the
literature. J Ultrasound. 2019;22(3):349-358.
[CrossRef]

Grazioli L, Alberti D, Olivetti L, et al. Congenital
absence of portal vein with nodular

13.

14.

15.

16.

17.

18.

19.

20.

21,

22.

regenerative hyperplasia of the liver. Eur
Radiol. 2000;10(5):820-825. [CrossRef]

Sorkin T, Strautnieks S, Foskett P, et al. Multiple
B-catenin mutations in hepatocellular lesions
arising in Abernethy malformation. Hum
Pathol. 2016;53:153-158. [CrossRef]

Ohno T, Muneuchi J, Thara K, et al. Pulmonary
hypertension in patients With congenital por-
tosystemic venous shunt: A previously unrec-
ognized association. Pediatrics. 2008;121(4):
€892-e899. [CrossRef]

Venkat-Raman N, Murphy KW, Ghaus K, et al.
Congenital absence of portal vein in the fetus:
a case report. Ultrasound Obstet Gynecol.
2001;17(1):71-75. [CrossRef]

Athanasiadis A, Karavida A, Chondromati-
dou S, Tsitouridis J, Tarlatzis B. Prenatal diagno-
sis of Abernethy malformation by three-dimen-
sional ultrasonography. Ultrasound Obstet
Gynecol. 2015;46(5):638-639. [CrossRef]

Jiang C, Ye W, Liu C, et al. Surgical ligation of
portosystemic shunt to resolve severe hema-
turia and hemafecia caused by type Il Aber-
nethy  malformation. Ann Vasc Surg.
2015;29(5):1020:e11-e1020.e16. [CrossRef]
Gong Y, Zhu H, Chen J, et al. Congenital porto-
systemic shunts with and without gastrointes-
tinal bleeding—case series. Pediatr Radiol.
2015;45(13):1964-1971. [CrossRef]

Sharma S, Bobhate PR, Sable S, et al. Abernethy
malformation: single-center experience from
India with review of literature. Indian J Gastro-
enterol. 2018;37(4):359-364. [CrossRef]

Azad S, Arya A, Sitaraman R, Garg A. Abernethy
malformation: our experience from a tertiary
cardiac care center and review of literature.
Ann  Pediatr Cardiol. ~ 2019;12(3):240-247.
[CrossRef]

Sidhu P, Cantisani V, Deganello A. Role of con-
trast-enhanced ultrasound (CEUS) in paediat-
ric practice: an EFSUMB position statement.
Ultraschall Med - Eur J Ultrasound. 2016;38(01):
33-43.

Guo C, Zhong YM, Wang Q, et al. Diagnostic
accuracy of multi-slice computed tomography

28. January-February 2022 - Diagnostic and Interventional Radiology

23.

24,

25.

26.

27.

28.

29.

30.

31.

32

33.

in children with Abernethy malformation. BMC
Med Imaging. 2019;19(1):97. [CrossRef]
Lisovsky M, Konstas AA, Misdraji J. Congenital
extrahepatic portosystemic shunts (Abernethy
malformation): a histopathologic evaluation. Am
JSurg Pathol.2011;35(9):1381-1390. [CrossRef]
Park JH, Cha SH, Han JK, Han MC. Intrahepatic
portosystemic venous shunt. AJR Am J Roent-
genol. 1990;155(3):527-528. [CrossRef]

Elias N, Scirica CV, Hertl M. Liver transplanta-
tion for the Abernathy malformation. N Engl J
Med. 2008;358(8):858-858. [CrossRef]

JainV, Sangdup T, Agarwala S, et al. Abernethy
malformation type 2: varied presentation,
management and outcome. J Pediatr Surg.
2019;54(4):760-765. [CrossRef]

Akahoshi T, Nishizaki T, Wakasugi K, et al. Por-
tal-systemic encephalopathy due to a con-
genital extrahepatic portosystemic shunt:
three cases and literature review. Hepatogas-
troenterology. 2000;47(34):1113-1116.

Gallego C, Miralles M, Marin C, et al. Congenital
hepatic shunts. RadioGraphics. 2004;24(3):755-
772. [CrossRef]

Shinkai M, Ohhama Y, Nishi T, et al. Congenital
absence of the portal vein and role of liver
transplantation in children. J Pediatr Surg.
2001;36(7):1026-1031. [CrossRef]

Kasahara M, Nakagawa A, Sakamoto S, et al.
Living donor liver transplantation for congenital
absence of the portal vein with situs inversus.
Liver Transpl. 2009;15(11):1641-1643. [CrossRef]
Takeichi T, Okajima H, Suda H, et al. Living
domino liver transplantation in an adult with
congenital absence of portal vein. Liver Transpl.
2005;11(10):1285-1288. [CrossRef]

Barton JW 3rd, Keller MS. Liver transplantation
for hepatoblastoma in a child with congenital
absence of the portal vein. Pediatr Radiol.
1989;20(1-2):113-114. [CrossRef]

Blanc T, Guerin F, Franchi-Abella S, et al. Con-
genital portosystemic shunts in children: a
new anatomical classification correlated with
surgical strategy. Ann Surg. 2014;260(1):188-
198. [CrossRef]

Kumar et al.



	DIR_20200474_nlm_new

