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Abstract

Introduction: Down syndrome is due to trisomy 21 and is characterized by intellectual disability,
dysmorphic facial features, congenital malformations, and gastrointestinal abnormalities. There
is an increased appreciation of congenital portosystemic shunts in Down syndrome patients.
Congenital portosystemic shunts have been associated with many defects in body systems,
including cardiac, metabolic, and neurological. Case Presentation: Herein, we describe a
portosystemic shuntin a Down syndrome patient that resulted in hyperammonemia with altered
mental status and choreiform movements. Computed tomography angiography of the ab-
domen and pelvis identified a connection between the right portal vein and inferior vena cava.
An 18 mm Amplatzer PFO closure device was placed within the congenital shunt, significantly
improving symptoms. The patient has no sequelae from the related shunt or the device at the 2-
year follow-up. We extensively reviewed the literature and identified cases of portosystemic
shunts in Down syndrome patients. Shunts can either be extrahepatic or intrahepatic and are
classified by vasculature connections. Conclusion: From our literature review and case pre-
sentation, we identify other conditions in patients, including cardiac and gastrointestinal defects.
We then review the available treatment options, whether observation or surgical, depending on
the patient’s clinical picture.
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Introduction

Down syndrome (DS) is liveborn infants’ most common chromosomal abnormality.
Trisomy 21 is associated with characteristic dysmorphic features, intellectual disability, and
congenital malformations. Children with trisomy 21 are at increased risk for gastrointestinal
tract anomalies and cardiovascular abnormalities [1, 2]. Congenital portosystemic shunts
(CPSSs) are rare anomalies that allow venous outflow from the intestines and spleen to
bypass the liver and enter the systemic circulation. Reports of patients with CPSS are in-
creasing, with DS being the most frequently reported genetic disorder associated with CPSS
[3]. CPSS is associated with various systems involving cardiac, hepatic, neurological, and
metabolic [4]. Herein, we present a DS patient with hyperammonemia due to CPSS and review
the literature on CPSS in DS.

Historical Review

Portal system development occurs between week 4 and week 10 of embryonic de-
velopment. The two vitelline veins give rise to the systemic and portal venous systems.
The vitelline venous system involutes during embryonic development by 12 weeks. In-
complete involution of the vitelline venous system likely gives rise to portosystemic shunt
formation depending on where the vitelline vein failed to differentiate [5]. The first
reported case of a congenital portocaval shunt was a termination of the portal vein in the
inferior vena cava [6]. CPSSs are rare and occur in 1:30,000 births [7]. An infant with DS
was first described as having a right portal vein to inferior vena cava shunt [8]. A shunt
involving the portal sinus system was described shortly after [9]. Advances in imaging
technology and understanding pathophysiology have clarified portosystemic shunts.
Classification of portosystemic shunts has been challenging given the variety in com-
plexity, size, variable vessel involvement, and localization. Improved imaging techniques
have refined the classifications that we use today. There have been several proposed
classification methods. One classification system was based on the severity of the in-
trahepatic portal hypoplasia and portal pressure [10], which may show some benefit in
predicting the response to therapy. Other classification systems focused on system site
drainage and symptoms [11] or the origin of portal shunt circulation [12]. Intrahepatic
shunts seem to be most described with the Park et al. classification [13]. In Park clas-
sification, shunts are defined as vascular connections greater than 1 mm in diameter
between the hepatic or perihepatic veins and the intrahepatic portal vein. Park identified
four types of single vessel communication: portal vein main branch and IVC (type 1),
peripherally located segment (type 2), aneurysm involvement (type 3), and multiple
communications diffusely across both lobes of the liver (type 4) [13]. A patent ductus
venosus (type 5) is considered intrahepatic because its origination is in the left portal
vein [14].

Classification of extrahepatic shunts most commonly uses the system defined by Morgan
[15]. End-to-side (type 1) directly connects the portal and systemic veins, with no intrahepatic
portal vein flow. Type 1 extrahepatic is further divided based on drainage of the superior
mesenteric and splenic vein, draining separately (type 1a) to I[VC via the common trunk (type
1b) [16]. Side-to-side (type 2) connects the systemic venous and portal systems [15, 16].
Extrahepatic shunts are usually described as single communications, but double commu-
nications have been reported [17]. An alternative classification system incorporates the
clinical presentation and liver histopathology [18].
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Case Presentation

The authors have completed the CARE Checklist for this case report, attached as online
supplementary material (for all online suppl. material, see https://doi.org/10.1159/
000535477). A 30-month-old boy with his adoptive mother presented random, chorei-
form movements involving the upper and lower extremities and pupil size changes. He has a
past medical history of DS, atrial septal defect, gastroesophageal reflux disease status-post
Nissen fundoplication, Celiac disease, failure to thrive, and developmental delay (primarily
speech and motor). The patient, while nonverbal, appeared confused during these episodes.
Verbal and tactile stimulation failed to resolve the movements. His mother denied any recent
inciting events, including trauma or changes to prescription medication. No travel history, sick
contacts, recent illnesses, or known toxic ingestion was reported. An extensive 14-point
review of systems was noncontributory. On the physical exam, the patient appeared lethargic
with normal vital signs for his age. Facial dysmorphism is consistent with DS. A grade 2/6
systolic murmur was heard on auscultation. Anisocoria was noted, with the left pupil
measuring between 6 and 7 mm and the right pupil at 4-5 mm. Hypotonia of the extremities
and trunk was observed beyond his baseline hypotonia. In our differential, we considered
hyperammonemia, infectious etiologies, intracranial injury, and toxins based on the pre-
sentation. A comprehensive metabolic panel (CMP) showed a bicarbonate level of 15 mmol/L
(reference range 23-32), anion gap of 22 mmol/L (reference range 9-18), aspartate ami-
notransferase of 129 U/L (reference range 8-60), alanine aminotransferase of 62 U/L
(reference range 6-45), alkaline phosphatase 378 U/L (reference range 117-390), total
bilirubin 0.7 mg/dL (reference range 0.0-1.2), and lactic acid of 10.9 mmol/L (reference range
0.7-2.5). Computerized tomography and magnetic resonance imaging demonstrated no acute
intracranial abnormality. After a normal saline bolus, repeat laboratories showed resolution of
his elevated anion gap with improved bicarbonate and transaminases. His lactic acid con-
tinued a downtrend. Blood cultures and Group A Streptococcus throat culture yielded no
growth. Comprehensive saliva toxicology screen, salicylate, and ethanol levels were normal.
The serum ammonia level was elevated at 231 mol/L (reference range 12-48), with repeat
ammonia at 198 mol/L. Serum ammonia levels remained persistently elevated despite ad-
ministering sodium phenylacetate and sodium benzoate. The patient was asleep and had
minimal oral intake the night before his ammonia levels were drawn. Evaluation for metabolic
causes was unrevealing with workup, including serum homocysteine levels, plasma amino
acids, plasma acylcarnitine, urine organic acids, and pyruvic acids. Abdominal ultrasound
revealed an anomalous course of portal venous flow. A computerized tomography angiog-
raphy of the abdomen and pelvis demonstrated a connection between the right portal vein
and inferior vena cava, consistent with an intrahepatic congenital portocaval shunt shown in
Figure la. The lower lungs showed dilated pulmonary artery branches of the peripheral
system, suggesting hepatopulmonary syndrome, as shown in Figure 1b. A 2D Echocardiogram
did not identify pulmonary hypertension and was consistent with previous. There were no
diagnostic challenges. The prognosis was guarded until the closure device could be placed.
The patient was subsequently transferred to an outside facility because the hospital could not
perform the needed intervention. Interventional radiology was consulted at the outside
facility, and an 18 mm Amplatzer PFO closure device was placed within the congenital shunt,
which showed no residual flow from the portal vein into the inferior vena cava [19]. Following
the procedure, his ammonia normalized. His mental status returned to baseline, while his
anisocoria was intermittent and eventually resolved. There were no adverse or unexpected
events from the device placement. His most recent abdominal ultrasound demonstrated no
residual or recurrent portocaval shunt with the septal occluder correctly positioned at the
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Fig. 1. a A computed tomography of the abdomen
and pelvis with contrast shows a connection
between the right portal vein and inferior vena
cava, consistent with a CPSS (red arrow). b Di-
lated pulmonary artery branches of the periph-
eral system are seen, suggesting hepatopulmo-
nary syndrome (yellow arrows).

CPSS. On a 2-year follow-up, the patient had no recurring issues related to the shunt or closure
device placement. He had no signs of symptoms of chronic pulmonary problems or recurrent
symptoms. The caregiver at that time had no issues to address.

Discussion

CPSSs are rare vascular malformations forming connections between a portal vein and
one or more systemic vein(s), diverting portal flow from the liver to the systemic venous
system [3]. The number of reported cases of CPSS has increased dramatically in recent years,
likely due to the improvement in imaging techniques. CPSS manifests primarily neurologic,
hepatic, and pulmonary involvement [4]. Laboratory abnormalities, including elevated am-
monia, galactose, conjugated bilirubin, bile acids, and transaminases, should raise suspicion of
CPSS and prompt liver imaging [20]. CPSS is based on the anatomic location of the shunt and is
either extrahepatic or intrahepatic. An extrahepatic shunt is defined based on the absence of
the portal vein (extrahepatic type 1) or preservation of portal venous flow (extrahepatic type
2) [15]. Intrahepatic shunts are more variable and involve portosystemic connections or both
liver lobes [21]. These shunts carry a risk of severe multisystemic complications.

We conducted our literature review in August 2022, which searched PubMed, Embase,
Scopus, and Google Scholar with variations on search terms “Portosystemic shunt and Down
Syndrome.” We performed the literature search in conjunction with our librarian team. We
selected case reports involving portosystemic shunts in DS patients, listed in Table 1. We
identified various metabolic and anatomic abnormalities across the case reports.
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Hyperammonemia was present 6 out of 9 times, and hyperbilirubinemia was present in 7
of 10 cases. CPSS is associated with congenital heart disease, heterotaxia, Turner syndrome,
and Noonan syndrome. A wide range of cardiac defects was present in 12 out of 14 cases that
reported a cardiac assessment. Ventricular and atrial septal defects were the most common,
as shown in Table 1. Gastrointestinal pathology is reported in eight cases as predominately
hepatomegaly, likely due to portal hypertension. Direct causes for portosystemic shunts are
poorly understood. Dysfunction in angiogenic factors may play a role, as seen in other
phenotypic traits in individuals with DS, including placental hypervascularity, fetal thickened
nuchal folds, and a tendency to develop pulmonary hypertension [22]. Associated morbidities
include focal nodular hyperplasia, nodular regenerative hyperplasia, hepatocellular adenoma,
hepatoblastoma, hepatocellular carcinoma, and hepatopulmonary syndrome [4]. Patients
should be followed closely for these conditions, with some studies suggesting yearly imaging
[23]. Spontaneous closure may be seen in patients with intrahepatic shunts, mainly within the
first year of life [24]. Symptoms may manifest early in childhood, requiring obliterative
treatment. For the above reasons, surgical procedures for intrahepatic CPSS should be
postponed in asymptomatic infants younger than 1 year [20]. Treatment options include
surgical or radiologic guided shunt closures for patients with significant shunting [25, 26].
Liver transplants are necessary for patients with extrahepatic type 1 shunts as the shunts are
the only drainage route for mesenteric and splenic blood [4, 27].

Our case adds to a growing body of evidence suggesting a rare correlation between DS
and CPSSs. In clinical practice, when a DS patient presents with atypical neurological findings,
elevated total bilirubin, ammonia, or elevated liver enzymes on blood tests, CPSS should be
considered in the differential with careful consideration for abdominal imaging. Treatment
should be individualized and guided by the clinical presentation for patients and further
explored after the first year of life.

There is no question that over time, there will continue to be newer cases of CPSS that
arise. We expect continued improvement in imaging modality and familiarity with the disease
process. Detection of CPSS may be faster, allowing for earlier intervention and clinical im-
provement. Further investigation into the pathogenesis and characteristics of these shunts
may allow for better noninvasive treatment options or the potential to prevent their
formation.
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