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Background: Patent ductus venosus (PDV) is a rare form of congenital portosystemic shunt. Because
of the diversity of clinical symptoms and insufficient knowledge of this condition, clinicians often fail to
perform targeted examinations, resulting in missed diagnoses and misdiagnoses. This study summarized
the clinical and radiological findings, as well as surgical methods, of PDV with the aim of improving early
diagnosis and guiding treatment.

Methods: Clinical, laboratory, and radiologic data of patients with PDV were analyzed retrospectively.
In all, 9 padents with PDV were included in the study (7 male, 2 female; median age 1.6 years, age range
16 days to 16.5 years).

Results: Data for all 9 patients with PDV were reviewed. The most common initial clinical
presentations were jaundice and respiratory symptoms. Laboratory data revealed hypoxemia in 5 patients,
hyperammonemia in 2, hyperbilirubinemia in 7, abnormal coagulation function in 6, abnormal myocardial
enzymes in 4, hepatic dysfunction in 8, and renal dysfunction in 3. The direct imaging sign of PDV was a
vascular structure connecting the left branch of the portal vein (LPV) to the inferior vena cava. Secondary
imaging findings observed in all 9 patients were dilated right heart, pulmonary artery, and LPV, and an
atrophic right branch of the portal vein. The main portal vein was dilated in 8 patients and shrunk in 1.
Moreover, 8 patients had enlarged livers, and 3 presented with hypoperfusion in the right lobe of the
liver. The spleen was enlarged in 8 patients but shrunk in 1. Renal imaging was abnormal in 2 patients.
Hepatic encephalopathy was found in 4 patients; 7 patients had PDV combined with other malformations,
with congenital heart disease and vascular abnormalities being the most common; 3 patients successfully
underwent surgical ligation of PDV.

Conclusions: PDV can lead to multisystem damage. Secondary radiological signs of PDV play an
important role in early diagnosis and preoperative evaluation. Complications and coexisting malformations
were common and should not be missed during preoperative evaluation. Early surgical closure for PDV is

recommended.
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Introduction

Patent ductus venosus (PDV) is an extremely rare form
of congenital portosystemic shunt that results in the
diversion of portal blood into the systemic circulation (1).
PDV is associated with the potential for life-threatening
complications, with early detection and proper management
leading to a good prognosis and the prevention of serious
complications. The ductus venosus (DV) is an embryonic
vascular structure. In utero, the DV connects the umbilical
vein to the inferior vena cava (IVC), allowing a portion
of the oxygenated umbilical vein blood to bypass the liver
and return to the heart. Spontaneous closure of the DV
begins immediately after birth, with complete functional
closure usually occurring by 18 days of age (2,3). Failure
of DV closure after birth leads to PDV. PDV results
in portal venous blood bypassing the liver and directly
entering the systemic circulation, decreasing hepatic blood
flow and increasing blood volume and toxic substances
in the systemic circulation. Diagnosis of PDV primarily
depends on imaging examinations. However, because
of the diversity of clinical symptoms and insufficient
knowledge of this condition, clinicians often fail to perform
targeted examinations, resulting in missed diagnoses and
misdiagnoses. Only a few cases of PDV have been reported,
appearing in small case series, case reports, and literature
reviews (4,5). Literature regarding radiological findings
in patients with PDV is limited, and no reports exist
concerning the secondary radiological findings of PDV. In
this study, we summarized the clinical findings, secondary
radiological findings, and surgical methods for 9 patients
with PDV to improve early diagnosis and guide treatment.
We present the following case in accordance with the AME
Case Series reporting checklist (available at https://cdt.
amegroups.com/article/view/10.21037/cdt-22-179/rc).

Methods
Patients

This study is a single-center retrospective case series study,
which was approved by the institutional review board
of Hunan Children’s Hospital, and the requirement for
informed consent was waived. The study was conducted
in accordance with the Declaration of Helsinki (as revised
in 2013). The institute’s database was searched to retrieve
the clinical, laboratory, and radiological data of patients
with PDV who attended the hospital between May 2013
and December 2020. Consecutive patients with PDV were
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identified and enrolled based on the following inclusion
criteria: (I) PDV confirmed by computed tomography
(CT) and ultrasound according to the criteria described by
Blanc ez 4l. (1) (i.e., an intrahepatic shunt running at the
depth of the Arantius sulcus between the left and caudate
lobes from the proximal part of the left branch of the portal
vein to the terminal part of the left hepatic vein) and (II)
sufficient image quality to allow accurate interpretation of
radiological features. Patients with a PDV diameter <3 mm
and aged <2 weeks were excluded from this study due to a
higher likelihood of the PDV closing spontaneously. In all,
9 patients with PDV were enrolled in this study (7 males
and 2 females; median age 1.6 years, age range 16 days to
16.5 years).

Examinations and analysis

All patients underwent abdominal contrast-enhanced CT.
CT examinations were performed using a Philips Brilliance
64 CT scanner with a tube voltage of 120 kV and a tube
current of 200-250 mA. Iodixanol (320 mg I/mL) was used
as the radiocontrast agent at a dose of 1.5-2.0 mL/kg body
weight and an injection rate of 1.0-2.5 mL/s. Scans were
obtained in the arterial phase 25 s after injection and in the
portal vein phase 45 s after injection. All images from all
patients were transferred to an imaging workstation (Philips
Brilliance V4.5.4.50030) for postprocessing. To obtain
clear depiction of the lesions, the main image processing
methods used were sagittal, coronal position, maximum
intensity projection (MIP), and volume rendering (VR).
All patients underwent ultrasound and/or CT angiography
of the cardiovascular system. Brain magnetic resonance
imaging (MRI) was performed in 7 patients. Two pediatric
radiologists (YHX and KJ, with 20 and 25 years’ experience,
respectively) retrospectively reviewed all the images and
reached a consensus for each patient. The data were
counted and analyzed.

Treatment and follow-up

Two patients (patients 7 and 9) without coexisting
malformations underwent surgical ligation of PDV in our
hospital. Because these 2 patients had coagulation disorders
and 1 presented with recurrent decreases in the platelet
count associated with hypersplenism, we chose to ligate
the PDV with a surgical procedure instead of percutaneous
closure to avoid heparin-induced thrombocytopenia that
could aggravate their coagulation disorders. Pulmonary
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Table 1 Clinical characteristics and laboratory tests of the 9 patients in this study

Case Sex/age (IDr;an:')\ Symptoms Hypoxemia (“:::3'_) Hyperbilirubinemia C?jgg:;tilon M;/:;;:eial HD RD

1 F/16 d 7.0 Icterus and cough Yes 60 Yes Abnormal  Abnormal Yes Yes

2 M/18 d 5.0 Cyanosis Yes 55 Yes Abnormal Normal Yes Yes

3 M/25 d 4.5 Icterus Yes 86 Yes Abnormal Normal Yes  Normal

4 M/30 d 71 Icterus Normal 78 Yes Normal Normal Yes  Normal

5 F/1.6y 9.5 Cough and fever Yes 46 Yes Normal Abnormal  Yes Normal

6 M/4.2y 4.0 Cough and wheeze Normal 60 Normal Normal Normal Yes Normal
repeated

7 M/4.9y 10.0 recurrent respiratory Yes 39 Yes Abnormal  Abnormal Yes Yes
infections

8 M/10.2y 17.5 Hemoptysis, recurrent  Normal 41 Normal Abnormal Normal  Normal Normal

respiratory infections
9 M/16.5y 14.5 Yellowing sclera and Normal 26 Yes Abnormal  Abnormal Yes Normal

skin for two years

F, female; M, male; d, day; vy, year; Age, age at diagnosis; Diam, diameter of PDV; HD, hepatic dysfunction; RD, renal dysfunction; PDV,
patent ductus venosus. The reference range for NH4 is 18-72 ymol/L.

artery and portal vein manometry were performed during
the operation. A PDV banding test was performed before
ligation, which indicated that the portal venous pressure
increased transiently after banding and recovered 15 min
later. The pulmonary artery pressure remained stable. The
PDV was ligated (double ligation) in 1 step without clinical
deterioration in 2 patients. Patient 3 underwent PDV
ligation in another institute (details unclear). Patients 7 and
9 were reviewed in our hospital 1 year after their procedures.
The remaining 6 patients were discharged from our hospital
without surgical intervention for PDV, and were followed up
by telephone for 2 weeks to 3 years until February 2022.

Statistical analysis

Demographic data were summarized using descriptive
statistics. Descriptive statistics for categorical variables were
reported as frequency and percentage.

Results
Clinical findings

The clinical characteristics and laboratory tests for all 9
patients are summarized in 7able 1. The diameter of the
PDV ranged from 4.0 to 17.5 mm. The initial clinical
presentations of PDV varied, but jaundice and respiratory
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symptoms were the most common. Laboratory tests showed
that 5 of 9 patients had hypoxemia, 2 had hyperammonemia,
7 had hyperbilirubinemia, 6 had abnormal coagulation
function, 4 had abnormal myocardial enzymes, 8 had
hepatic dysfunction, and 3 had renal dysfunction.

Imaging findings and coexisting malformations

The imaging findings and coexisting malformations of the
9 patients are summarized in Table 2. The direct imaging
sign of PDV was a vascular structure connecting the left
branch of the portal vein (LPV) to the IVC, running at the
depth of the Arantius sulcus. Secondary imaging findings of
PDV (Figure I) included an enlarged livers (n=8), especially
the left lobe, and multiple nodules in the liver (n=1). Three
patients were found to have hypoperfusion in the right lobe
of the liver on abdominal contrast-enhanced CT. The spleen
was enlarged in 8 patients but shrunk in 1. A dilated LPV
and atrophic right branch of the portal vein (RPV) were
observed in all patients. The main portal vein was dilated
in 8 patients and shrunk in 1. A dilated right heart and
pulmonary artery were observed in all patients. Abnormal
renal imaging was found in 2 patients. Complications and
coexisting malformations included hepatic encephalopathy
on brain MRI in 4 patients (Figure 2). A further 7 patients
had other malformations, including congenital heart disease
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Table 2 Secondary radiological findings and coexisting malformations in the 9 patients in this study

Xiang et al. Patent ductus venous: clinical findings, imaging and therapy

) Heart ) ) Brain . )
Case Liver Spleen PV dilation PA Renal imaging MR Coexisting malformations
1 Enlarged; Small; CE MPV and RPV small; LPV  Right Dilated CE of kidneysis NA ASD; PDA; multiple
hypoperfusion in  reduced and UV cystic dilated heart reduced arteriovenous fistulas
right lobe
2 Enlarged Enlarged MPV and LPV dilated; Right  Dilated  Diffuse lesion Normal ASD; PDA; VSD;
thrombus in LPV; RPV small heart of kidneys Congenital hypospadias
3 Multiple nodules;  Enlarged MPV and LPV dilated; Right  Dilated Normal Normal  Hepatic arteriovenous
hypoperfusion in RPV small heart fistula
right lobe
4 Left lobe enlarged Enlarged MPV and LPV dilated; Right  Dilated Normal Normal  ASD; PDA; Abernethy I
RPV small heart malformation
5 Left lobe enlarged Enlarged MPV and LPV dilated; Right  Dilated Normal HE ASD; PDA; multiple skin
RPV small heart hemangiomas
6 Enlarged Enlarged MPV and LPV dilated; Right  Dilated Normal NA Congenital hypospadias
RPV small heart
7 Enlarged; Enlarged MPV and LPV slightly Right  Dilated Normal HE No
hypoperfusion in dilated; RPV small heart
right lobe
8 Left lobe enlarged Enlarged MPV dilated; LPV cystic  Whole Dilated Normal HE ASD; cerebrovascular
dilated; RPV small heart malformation; bronchial
artery-pulmonary fistula
9 Enlarged Enlarged MPV dilated; LPV cystic ~ Right  Dilated Normal HE No
dilated; RPV small heart

CE, contrast enhancement; NA, not available; PV, portal vein; MPV, main portal vein; RPV, right branch of the portal vein; LPV, left branch
of the portal vein; PA, pulmonary artery; UV, umbilical vein; HE, hepatic encephalopathy; ASD, atrial septal defect; PDA, patent ductus

arteriosus; VSD, ventricular septal defect.

(CHD), vascular abnormalities, and congenital hypospadias;
CHD and vascular abnormalities were the most common,
found in 5 and 6 patients, respectively. The most common
types of CHD associated with PDV were atrial septal defect
(ASD) and patent ductus arteriosus (PDA).

Trreatment and follow-up

Two patients (patients 7 and 9) successfully underwent
surgical ligation of the PDV without clinical deterioration
during the procedure. There were no serious complications
after surgery: patient 7 was hospitalized for 24 days
(14 days before surgery and 10 days after), while patient
9 was hospitalized for 21 days (9 days before surgery and
12 days after); 1 year after their procedures, patients 7
and 9 showed normal exercise tolerance and weight gain.
The laboratory parameters of myocardial enzymes and
liver and kidney function were normal. The frequency of
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recurrent respiratory infections decreased in patient 7, and
the jaundice in patient 9 disappeared. In the patient 3 who
returned six months after the surgery to our hospital for
examination, serum bilirubin, alanine aminotransferase, and
aspartate aminotransferase were decreased.

Because PDV was associated with complex CHD and
other malformations in 3 patients (patients 1, 2, and 5),
their parents abandoned treatment, and these 3 patients
died within 1 to 2 weeks after discharge. Another patient
(patient 4), in whom PDV was associated with ASD,
PDA, and Abernethy II malformation, was transferred to
another hospital; this patient did not undergo surgery for
PDV (no other details are available) and died 15 months
after discharge. The remaining 2 patients (patients 6
and 8) were followed up by telephone for 3 years after
discharge from our hospital. The parents of these patients
reported that they were hospitalized 2-3 times a year
at a local hospital for coughing, wheezing, fever, and
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Figure 1 Imaging findings in patient 3. (A) Axial CT showed a PDV (arrowhead). (B) Sagittal CT showed a PDV (arrowhead) between
the dilated LPV (long arrow) and the IVC (short arrow). (C) An atrophic RPV (arrow) was detected. (D) Color Doppler ultrasound
demonstrated that the blood within PDV (black arrow) flow towards the IVC (white arrowhead) from the dilated LPV (white arrow). Red

indicates flow towards the probe; blue indicates flow away from the probe. (E) Multiple nodules were detected in the liver. CT, computed

tomography; PDV, patent ductus venosus; LPV, left branch of the portal vein; IVC, inferior vena cava; RPV, right branch of the portal vein.

other problems, with the frequency increasing each year;
however, at the time of writing, these 2 patients have
still not undergone surgical treatment for PDV. Patient
8 underwent surgical treatment for cerebrovascular
malformation in another hospital 1 year ago.

Discussion
Clinical symptoms and laboratory tests

PDV is more common in boys (5,6), and, in our study, the male
to female ratio was 7:2. The clinical presentations of PDV are
highly diverse (7-10). In the present study, the initial symptoms
and signs varied, but jaundice and respiratory symptoms were
the most common. In younger patients, jaundice was often the
initial presentation, whereas recurrent respiratory infections
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were more common in older patients. A previous report
suggests that PDV is a very rare cause of cholestatic jaundice (6).
Symptoms of patients with PDV can appear at different ages;
patients may show severe symptoms in infancy or appear initially
asymptomatic, with symptoms slowly developing with age.
Hepatic dysfunction secondary to PDV has been
reported previously (11,12). In the present study, 89% (8/9)
of patients had hepatic dysfunction. Hepatic dysfunction
was an important initial presentation of PDV and may
be secondary to a reduction in blood flow in the portal
vein that deprives hepatocytes of nutrients and causes
hepatic dysfunction, including in protein synthesis (12).
Hyperammonemia can be caused by hepatocellular
insufficiency or abnormal shunting of the portal blood from
the intestine directly into the systemic circulation (13), and
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Figure 2 Imaging findings in patient 7. (A) Axial CT showed a PDV (arrow). (B) Coronal MIP CT showed a PDV (arrow) and the dilated
pulmonary artery (arrowhead). (C) A PDV (arrow) was shown on VR imaging. (D) An atrophic RPV (arrow) was detected. (E) The dilated

right atrium (arrowhead) and ventricle (arrow) were observed. (F) Symmetrical hyperintensity in the bilateral lenticular nucleus (arrow) was

found on T'1-weighted magnetic resonance imaging of the brain. CT, computed tomography; PDV, patent ductus venosus; MIP, maximum

intensity projection; VR, volume rendering; RPV, right branch of the portal vein.

hepatic encephalopathy occurs with hyperammonemia.
The incidence of hyperammonemia in patients with PDV
has been reported to be high. In a study of 8 patients with
PDV, all 8 were reported to have hyperammonemia (14).
However, in the present study, hyperammonemia
was detected in only 2 (22%) patients, and the serum
ammonia concentrations of 4 patients with hepatic
encephalopathy were within the normal range. Hypoxemia,
hyperbilirubinemia, and coagulation dysfunction
associated with PDV have been reported previously
(5,6,14). In the present study, the incidence of hypoxemia,
hyperbilirubinemia, and coagulation dysfunction was 56%,
78%, and 67%, respectively. Myocardial damage caused
by PDV is rarely reported. In the present study, abnormal
myocardial enzymes were detected in 4 (44%) patients. All
4 patients had a larger PDV diameter, and a significantly
dilated pulmonary artery. We speculate that pulmonary
hypertension leads to increased right ventricular afterload
and contributes to myocardial damage. Previous studies
have shown that congenital portosystemic shunt can lead
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to proliferative glomerulonephritis (15,16). In the present
study, renal dysfunction was detected in 3 patients, 2 of
whom exhibited decreased renal enhancement.

Imaging findings

Imaging examinations can lead to an accurate diagnosis
based on the specific anatomic position of the PDV. The
direct imaging sign of PDV is a vascular structure from
the anterior inferior to the posterior position connecting
the LPV to the IVC, running at the depth of the Arantius
sulcus. PDV can be mistaken for the hepatic veins if its
diameter is close to that of the hepatic veins on CT images;
however, the PDV communicates with the LPV and its
density is higher than that of the hepatic vein in the early
stage of portal phase imaging, which enables discrimination
of the PDV from the hepatic vein.

It is important to evaluate secondary imaging signs
of PDV. PDV can lead to an increase in blood volume
returning to right heart and then into the pulmonary artery,
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causing dilation of the right heart and pulmonary artery.
In the present study, all patients had a dilated right atrium,
right ventricle, and pulmonary artery. These signs were not
specific for the diagnosis of PDV, but may be the first to be
detected. This is because the initial presentation of patients
is often precipitated by respiratory symptoms, and chest
imaging examinations are therefore performed first. In fact,
in several patients in this study, dilatation of the pulmonary
artery was first observed, followed by further examinations
to confirm PDV. Patient 7 was admitted several times for
cough, and chest CT revealed obvious dilatation of the
right heart and pulmonary artery for unknown reasons;
however, abdominal examinations were not performed,
leading to several missed diagnoses. Thus, PDV should be
considered as a possible cause of unexplained dilatation of
the right heart and pulmonary artery. PDV was previously
reported to coexist with hypoplasia of the intrahepatic
portal venous system (5,11). In the present study, all patients
had a dilated LPV and an atrophic RPV. We believe that
the PDV increased blood flow in the LPV, while decreasing
flow in the RPV, leading to the dilatation of the LPV
and atrophy of the RPV. This sign is rarely observed in
other types of portosystemic shunt, and is a relatively
characteristic indirect manifestation of PDV, which is of
great value in identifying PDV. Atrophy of the RPV may
result in decreased blood flow to the right lobe of the
liver and manifests as decreased perfusion on CT images.
Hypoperfusion in the right lobe of the liver was observed
in 3 patients during portal phase imaging in the present
study. In addition, enlargement of the liver and spleen was
common, with liver enlargement manifesting as either
whole liver or left lobe enlargement.

Complications and coexisting malformations

Complications of portosystemic shunt depend on the
shunt ratio and age. When the shunt ratio is small, there
may be no symptoms, whereas a large shunt ratio can
lead to multiple systemic symptoms, such as pulmonary
hypertension, hepatopulmonary syndrome, high-output
heart failure, membranous proliferative glomerulonephritis,
gastrointestinal bleeding, and hepatic encephalopathy
(7,17,18). Hepatic encephalopathy due to cerebral effects
of circulating toxins, which normally undergo first-pass
metabolism in the liver, is a critical problem in patients with
PDV. The age of onset of encephalopathy is variable and
related, in part, to the volume and duration of the shunt.
A previous study reported (19) that when the shunt ratio
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is <30%, symptoms associated with portosystemic shunt
may not develop throughout the lifetime of the individual;
however, when the shunt ratio exceeds 30%, hepatic
encephalopathy could develop at any time, and when the
shunt ratio exceeds 60%, the risk of hepatic encephalopathy
is increased. In the present study, brain MRI revealed
hepatic encephalopathy in 4 patients; unfortunately, the
shunt ratio was not measured, but we found that the
diameter of the PDV was larger in these patients, the
smallest being 9.5 mm; in addition, these 4 patients were
older, with a minimum age of 1.6 years. It is important to
note that although hepatic encephalopathy is present, there
may be no neurological symptoms or only mild symptoms.
Indeed, 2 patients in the present study had no neurological
symptoms, even though brain MRI suggested hepatic
encephalopathy. Therefore, in the case of patients with a
larger PDV diameter and older age, we suggest brain MRI
should be performed to detect hepatic encephalopathy,
regardless of the presence of neurological symptoms.

Patients with PDV may have other anatomical
deformities (20). In the present study, 78% (7/9) of
patients with PDV had other malformations involving
multiple systems. CHD and vascular abnormalities were
the most common, with 5 and 6 cases, respectively. The
most common types of CHD associated with PDV were
ASD and PDA. There is a recognized association between
extrahepatic shunts and CHD (21). We believe that PDV
is also associated with CHD. A review of the literature
indicated that up to 25% of patients with PDV have
CHD (20). In the present study, all patients had dilation of the
right atrium and ventricle, so we speculate that PDV increased
the blood volume returning to the right heart, increasing the
pressure in the right heart and pulmonary artery, thereby
delaying or impeding the closure of the ASD and PDA. These
coexisting malformations are more likely to be detected and
diagnosed, leading to missed diagnoses of PDV. Patient 8
in our study underwent ASD repair, residual ASD repair,
and cerebrovascular malformation surgery in 3 different
institutions, but PDV was missed each time. Finally, the
patient was admitted to our institute because of hemoptysis,
with chest CT demonstrating a dilated pulmonary artery and
heart. Further examinations were performed to determine the
cause, which led to the discovery of PDV.

Treatment

PDV rarely closes spontaneously and is the most likely
of the intrahepatic shunts to require surgical closure or
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a catheter-based intervention (22). The treatment of
PDV is inconsistent, with different therapeutic strategies
being applied, including conservative management
and surgical treatment, such as coil embolization,
surgical ligation, Teflon banding, and liver transplant
(5,6,23-26). In the present study, 2 patients underwent
surgical treatment of PDV in our hospital. Because these 2
patients had coagulation disorders and 1 of them presented
with recurrent decreases in the platelet count associated
with hypersplenism, we chose to ligate the PDV with
a surgical procedure instead of percutaneous closure to
avoid heparin-induced thrombocytopenia that could result
in the aggravation of their conditions. The adequacy of
the portal venous system must be assessed before closure
is attempted, both through imaging of the portal venous
system and measurement of the rise in portal venous
pressure with temporary occlusion of the PDV (27,28).
Before ligation, we performed a PDV banding test, which
indicated that portal pressure increased transiently after
banding and recovered 15 min later. In both patients, the
PDV was ligated in 1 step without clinical deterioration.
In addition, there were no serious complications after the
operation. Although a small RPV was observed in both
patients, this might not have been truly hypoplastic. We
speculate that a large PDV resulted in an insufficient
opening of the portal branches by transferring most of
the portal blood to the IVC. Hence, the portal pressure
decreased spontaneously when the portal branches
gradually opened after PDV banding. One year after
their procedures, both patients exhibited normal exercise
tolerance and weight gain. The laboratory parameters of
myocardial enzymes and liver and kidney function were
normal. The frequency of recurrent respiratory infections
had decreased in 1 patient, and the other patient was no
longer jaundiced. Unfortunately, 4 patients in this study
died before surgical intervention. The time of symptom
onset in these 4 patients was at an early age, and all 4 were
complicated with CHD and other vascular malformations.
Of these patients, 2 did not undergo surgical intervention of
PDV for external reasons, and telephone follow-up of these
patients indicates that their general condition is worsening.

Limitations

This study has some limitations. First, only a small number
of PDV cases were included. Second, the study was a single-
center study. Finally, only a few patients received surgical
intervention.
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Conclusions

In conclusion, PDV is a rare vascular malformation that
can lead to multi-system damage. The clinical symptoms,
signs and laboratory findings of PDV are diverse. The
diagnosis of PDV depends on imaging examinations, with
secondary radiological signs playing an important role in
early diagnosis and preoperative evaluation. Complications
and coexisting malformations are common and should not
be missed during the preoperative evaluation. Early surgical
closure of PDV is recommended.
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