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Patent Ductus Venosus and Congenital Heart Disease: A
Case Report and Review
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Abstract

In utero, the ductus venosus connects the left portal vein to the infe-
rior vena cava, allowing a portion of the venous blood to bypass the
liver and return to the heart. After birth, the ductus venosus closes due
to changes in intracardiac pressures and a decrease in endogenous
prostaglandins. Failure of the ductus venosus to close may result in
galactosemia, hypoxemia, encephalopathy with hyperammonia, and
hepatic dysfunction. We report an infant with complex congenital
heart disease (CHD) who developed coagulopathy and hyperammo-
nia during the preoperative period secondary to patent ductus venosus
(PDV). Previous reports of PDV in CHD are presented, its etiology
and clinical consequences reviewed, and options for therapeutic treat-
ment discussed.
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Introduction

Patent ductus venosus (PDV) is an uncommon vascular malfor-
mation, classified as a type of intrahepatic shunt [1]. In utero,
the ductus venosus connects the left portal vein to the inferior
vena cava, allowing a portion of the venous blood to bypass
the liver and return to the heart. After birth, the ductus venosus
generally closes between days of life 2 to 18 in term infants
[2-5]. The natural decrease in portal venous pressure after birth
contributes to the closure process [6-8]. Prostaglandins play a
role in maintaining the patency of the ductus venosus while a
product of the cytochrome P-450 system is postulated to con-
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tribute to its constriction [2, 9-12]. If the ductus venosus fails
to close, clinical signs may include galactosemia, hypoxemia,
encephalopathy with hyperammonia, and hepatic dysfunction
with disturbances of coagulation function and hyperbilirubine-
mia [1]. We report an infant with complex congenital heart
disease (CHD) who developed coagulopathy and hyperam-
monemia during the preoperative period secondary to PDV.
Once the diagnosis was made, hybrid stage 1 palliation was
performed to allow for discontinuation of the prostaglandin
infusion and facilitate PDV closure. Previous reports of PDV
in CHD are presented, its etiology and clinical consequences
reviewed, and options for therapeutic treatment discussed.

Case Report

Institutional Review Board approval is not required for single
case reports at Nationwide Children’s Hospital (Columbus,
Ohio). A full term, 3 kg male infant presented in cardiogenic
shock with poor perfusion on the second day of life. Workup
including echocardiography revealed a type B interrupted aor-
tic arch with a large malpositioned ventricular septal defect
(VSD) and a patent ductus arteriosus (PDA). On admission to
the cardiac intensive care unit, the capillary blood gas showed
a pH of 6.92, PaCO2 22 mm Hg, and a base deficit of 27
mmol/L. Initial laboratory values were notable for coagulopa-
thy and hyperammonemia (107 pmol/L) with signs of shock
liver (elevated AST and ALT to 1,124 U/L and 526 U/L respec-
tively). The patient’s trachea was intubated, a prostaglandin E
(PGE) infusion was started, and resuscitation provided by the
administration of isotonic fluid and sodium bicarbonate. Af-
ter initial resuscitation and initiation of the PGE infusion, his
clinical status and laboratory parameters steadily improved. A
left lower extremity catheter-associated deep vein thrombo-
sis was noted and therapeutic unfractionated heparin therapy
was started. On day of life (DOL) 12, worsening coagulation
function was noted with a prothrombin time of 18.9 s, INR of
1.63, and hyperammonemia (133 pmol/L). The AST/ALT and
total bilirubin did not significantly increase at this time; how-
ever, intermittent hypoglycemia was noted despite a glucose
infusion rate of 10 mg/kg/min. On DOL 13, the serum lactate
increased and the patient’s trachea was reintubated. Planned
surgical intervention was delayed due to the hepatic dysfunc-
tion and clinical decompensation. Since an ultrasound showed
that the femoral vein thrombosis was non-occlusive and had
not increased in size, the heparin infusion was discontinued
on DOL 14. The workup for hepatic dysfunction and coagu-
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Figure 1. Hepatic and abdominal ultrasound showing hepatic vein con-
fluence with the inferior vena cava (1); patent ductus venosus (2); and
hepatic vein (3).

lopathy included a normal ferritin to rule out neonatal hemo-
chromatosis, negative herpes simplex virus polymerase chain
reaction, and a normal single nucleotide polymorphism micro-
array. A normal factor VIII level ruled out a consumptive pro-
cess while low factor V and factor VII levels were consistent
with decreased hepatic production. An abdominal ultrasound
demonstrated a large patent ductus venosus with steal of blood
flow from the portal vein and portosystemic shunting (Fig. 1).
This was determined to be the cause of his hepatic dysfunc-
tion, coagulation disturbance, and hyperammonemia. As there
was concern that the PGE infusion and high central venous
pressures related to the CHD were contributing to the patency
of the ductus venosus, the decision was made to proceed with
surgical intervention. The coagulation disturbance was treated
with fresh frozen plasma and he was taken to the operating
room for a hybrid stage 1 palliation procedure on DOL 17.
The PGE infusion was discontinued at the time of the proce-
dure. Postoperatively, the coagulation disturbance, hypoglyce-
mia, and hyperammonemia resolved. Follow-up ultrasound on
DOL 21 showed a decrease in the size of the ductus venosus
and by 6 weeks of age, the PDV had closed.

Discussion

Various factors may be responsible for hepatic dysfunction and
its resultant laboratory alterations (hyperammonemia, hyper-
bilirubinemia, and coagulation disturbances) in the critically
ill term neonate with CHD. Our patient presented in shock
with end-organ dysfunction which could explain the associ-
ated hepatic dysfunction early in his clinical course. However,
the hyperammonemia, hypoglycemia, and worsening coagula-
tion function on DOL 12 were not accompanied by other signs
of shock or hemodynamic decompensation. They occurred
at a time when his clinical status was improving. An exten-
sive workup was negative except for an abdominal ultrasound
which showed a PDV and portosystemic shunting of the ve-
nous blood. Shunting of blood across a PDV has been shown
to impair ammonia detoxification, blood coagulation and regu-
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lation of serum bile acids, with the clinical impact dictated by
the percentage of blood that is shunted [13, 14]. Although PDV
is a rare cause of hepatic dysfunction in the neonate, it may oc-
cur in patients receiving PGE infusions or those with elevated
right-sided filling pressures due to CHD. Clinical signs and
symptoms include hepatic dysfunction with coagulation dis-
turbances, hyperbilirubinemia, and hyperammonemia as noted
in our patient.

Of the 106 reported cases of PDV that we found in our
literature review, 26 were in patients who also had CHD [1,
6, 7, 15-28]. Of the PDV cases reported in CHD patients, all
patients presented in childhood, with either clinical symptoms
or incidental findings noted on imaging. Nineteen of the 26
patients presented at less than 2 years of age. The most com-
mon presenting symptoms in this population were hyperam-
monemia with encephalopathy, hyperbilirubinemia, and ga-
lactosemia. Only two previous cases of PDV in CHD patients
presented with coagulation disturbances (prolonged PT and
PTT) [1, 20]. Other presenting symptoms included liver tu-
mors, pulmonary hypertension (not secondary to CHD), el-
evated AST/ALT, developmental delay and membranoprolif-
erative glomerulonephritis. The most common types of CHD
associated with PDV included ventricular septal defect, atrial
septal defect, and patent ductus arteriosus, although several
previous case reports do not specify the type of CHD. Man-
agement strategies varied between conservative management
(dietary restrictions and lactulose to treat hyperammonemia),
endovascular closure, surgical ligation, and liver transplanta-
tion. Seven of the patients were reported to have died, most
often due to cardiac complications from their CHD.

There is a recognized association between extrahepatic
shunts and CHD [29]. Many authors have also speculated
regarding the association of PDV, an intrahepatic shunt, and
CHD [15, 17, 18]. Fugelseth et al demonstrated that high right-
sided pressures due to CHD or pulmonary hypertension may
lead to shunting through a PDV, potentially maintaining ductus
venosus patency or contributing to its clinical significance [3].
Additionally, prostaglandins have been shown to play a role in
maintaining the patency of the ductus venosus [2, 9-12]. Thus,
in our patient, both the prostaglandin infusion and increased
right-sided pressures may have contributed to ductus venosus
patency, illustrating two factors which could place CHD pa-
tients at a higher risk for clinically significant PDV.

A PDV rarely closes spontaneously and is the most likely
of the intrahepatic shunts to require surgical closure or a cath-
eter-based intervention [30]. Alternatively, patients with CHD
may require a palliative procedure or full correction of their
CHD to lower right sided pressures and permit discontinuation
of the PGE infusion to encourage closure of the PDV. Given
the reported low likelihood of spontaneous closure of PDV, the
spontaneous closure of our patient’s PDV off PGE supports our
assumption that the PGE infusion was contributing to patency
of the ductus venosus. We would speculate that patients with
a PDV on a PGE infusion, especially those with elevated right
sided pressures, may experience a higher rate of spontaneous
resolution than other PDV patients once the PGE infusion is
discontinued. However, if a palliative procedure or full cor-
rection of the CHD is not feasible, surgical or catheter-based
intervention may be necessary for closure of a PDV in select
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CHD patients, including those with persistent clinical manifes-
tations. As noted by other authors, the adequacy of the portal
venous system must be assessed before closure is attempted,
both through imaging of the portal venous system and meas-
urement of the rise in portal venous pressure with temporary
occlusion of the PDV [1, 14]. If a PDV is closed without an
adequate portal venous system the patient can develop acute
portal venous congestion and bowel ischemia [31].

Given the likely effect of PGE infusion and elevated right-
sided pressures on the ductus venosus, a PDV is an important
consideration in the differential diagnosis of hepatic dysfunc-
tion in neonates with CHD presenting with hyperbilirubine-
mia, coagulation disturbances or hyperammonemia. We would
suggest a management strategy that minimizes factors contrib-
uting to PDV patency, such as a PGE infusion or high right-
sided pressures, to encourage spontaneous closure of the PDV.
This may require modification of the surgical plan for repair
or palliation of CHD. When this is not possible, interventional
or surgical closure of the PDV may be necessary if the portal
venous system is found to be adequate.
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