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Abstract

Pulmonary arteriovenous malformations are a rare entity in children, and can cause significant
morbidity. Device embolization has become the intervention of choice over the past 2 decades as more
sophisticated devices have become available. We present an adolescent with a single, large
arteriovenous malformation diagnosed and treated as part of an international medical mission in
Kampala, Uganda, highlighting the atypical diseases encountered in developing countries and
treatment modalities that can be employed.
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Introduction
Pulmonary arteriovenous malformations are a rare entity in
children, and can cause significant morbidity. In children, they
have been described in the setting of severe liver disease, after
surgical palliation with a cavopulmonary shunt where hepatic
venous blood is excluded from the pulmonary circulation, or
associated with other systemic disease. Clinical manifestations
typically occur in the fourth to sixth decades, and are present in
greater than 70% of patients [1-4]. Common symptoms include
exertional dyspnea, fatigue and cyanosis. More serious
complications include stroke or transient ischemic attack
(11-55%), seizures (5-15%), brain abscess (5-25%), hemoptysis
or hemothorax in up to 18%, and a higher incidence of
migraine headaches [1-8].

Device embolization has become the intervention of choice
over the past 2 decades as more sophisticated devices have
become available. Detachable balloons were initially preferred,
but were largely replaced by coil embolization in later years.
More recently, the development of the Amplatzer Vascular
Plugs (St. Jude Medical, St. Paul, Minnesota) have made
device embolization even more favourable [1,2,4,5,9-16].
While pulmonary arteriovenous malformations can occur as a
single entity, they are frequently encountered as multiple
lesions, often affecting only one lung, and can be associated
with systemic diseases such as hereditary hemorrhagic
telangiectasia [17]. We present an adolescent with a single,
large arteriovenous malformation diagnosed and treated as part
of an international medical mission in Kampala, Uganda.

Case Report
A 13-year-old Ugandan male was growing and developing
normally until the age of 7 years when he developed gradually
worsening exercise intolerance, exertional dyspnea, central
cyanosis, and scleral injection. Subsequently he developed
weight loss, dizziness, palpitations, digital clubbing, and

bowing of both lower and upper limbs. He intermittently
reported knee and elbow arthralgias. He had no history of
cough, chest pain, edema or syncope. Laboratory data at
presentation included polycythemia (Hemoglobin 28 mg/dl) for
which he would undergo phlebotomy five times per year to
aide with severe headaches. A local hematologist would later
initiate hydroxyurea, aspirin and esomeprazole therapy. While
these treatments reduced the need for phlebotomy, symptoms
did not abate.

At 12 years of age he was evaluated at the regional heart
institute. He could not walk more than 50 m and had fallen
behind academically because he had insufficient energy to
attend school which was across the street from his residence.
Imaging studies included a chest radiograph that exhibited a
prominent right hilum, but was otherwise unremarkable. An
echocardiogram demonstrated mildly dilated left heart
chambers with a small patent foramen ovale with left to right
shunting. Biventricular function was normal, and there was no
septal wall flattening and the tricuspid regurgitation jet
suggested normal right ventricular systolic pressure. Due to
cyanosis and digital clubbing, a right to left shunt was
suspected, but was not identified by ultrasound imaging. His
oxygen saturation was 68-70% on room air.

A new catheterization laboratory was installed in the region
and he was referred for diagnostic catheterization at 13 years.
His height was 156 cm and weight was 44 kg. A bubble
contrast echocardiogram with injection in a left arm IV was
performed prior to the catheterization that demonstrated rapid
filling of contrast to the right atrium and subsequent left atrium
within 3 beats. At catheterization, a 7 French balloon wedge
catheter (Arrow International Inc., Reading, Pennsylvania) was
introduced and directed to the right pulmonary artery where it
easily passed into the left atrium. Pulmonary artery pressures
were normal, with systolic pressures of 18 mmHg. Left atrial
pressure was mildly elevated with a mean pressure of 12
mmHg. Angiography demonstrated a single large connection
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between the right lower pulmonary artery and the right lower
pulmonary vein (Figure 1).

Figure 1. Right pulmonary artery angiogram demonstrating a large
pulmonary arteriovenous malformation communicating with the right
lower pulmonary vein.

There was no evidence of other arteriovenous malformations
on the right or left. The narrowest diameter of the
communication measured approximately 16 mm. After placing
an 8 French long sheath (Cook Medical Inc., Bloomington,
Indiana) in the distal right pulmonary artery, an 18 mm
Amplatzer muscular ventricular septal defect occluder (St. Jude
Medical, St. Paul, Minnesota) was deployed across the
narrowest area of the arteriovenous malformation (Figure 2A).

There was no significant change in pressure measurements
following device release. Follow-up angiography demonstrated
complete occlusion of the defect and no evidence of
obstruction to surrounding pulmonary artery branches or
pulmonary venous return (Figure 2B).

Figure 2. A) Image of a Amplatzer 18mm muscular ventricular septal occluder that has been deployed in the distal right pulmonary artery. B)
Right pulmonary artery angiogram demonstrating complete occlusion of the pulmonary arteriovenous malformation.

The morning following the procedure, the patient appeared
pink and oxygen saturation was 96% on room air. Chest
radiograph demonstrated the device in stable position.
Echocardiography demonstrated normal biventricular function
with normal septal wall motion. The PFO continued to
demonstrate left to right shunting. Within one week of the
procedure, the patient reported improved exercise tolerance.
Three months following the procedure, the patient’s father
reported that his son had normal exercise tolerance, however,
they would not return to Kampala for follow-up diagnostic
evaluation.

Discussion
This report describes the successful embolization of a single,
large pulmonary arteriovenous malformation connecting the
right lower pulmonary artery to the right lower pulmonary
vein. The patient did not have an associated disease process,
and had become significantly symptomatic prior to
intervention. Importantly, this adolescent had presented with
initial symptoms 6 years prior to intervention and had
undergone extensive evaluation and medical therapy without
definitive diagnosis. Even with a presumptive diagnosis, or
sufficient concern to request an invasive diagnostic procedure,
limitations within the country required a delay until the
adequate facility was constructed to allow the investigation to
take place. Additional limitations to intervention include the
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paucity of physicians trained to perform them as well as
insufficient resources to provide the needed devices for the
procedure.

Pulmonary arteriovenous malformations are rare, but well
documented entities, albeit less common in children in the
absence of other diseases or congenital heart disease. This case
is unique to the degree of symptoms present at the time of
diagnosis. The literature largely describes the setting of
multiple pulmonary arteriovenous malformations that require
occlusion with multiple small devices. In this case, a single
large device was required. While a large type 2 Amplatzer
vascular plug (St. Jude Medical, St. Paul, Minnesota) may have
been sufficient, utilizing available resources was required. The
ventricular septal defect occluder (St. Jude Medical, St. Paul,
Minnesota) provided an important anchoring mechanism with
the retention discs, and a device waist of sufficient size to fill
the defect.

Conclusion
This case highlights an example of flexibility and use of
devices designed for other specific purposes. Moreover, where
resources are limited, utilizing any device available is a
necessary compromise to the best, or intended, device to solve
uncommon and unanticipated cardiac conditions. For
interventional cardiologists who participate in medical
missionary work, or spend time in regions of limited resources,
deciding what equipment to bring presents significant, logistic
challenges. A mission trip designed to focus on valvuloplasty
procedures, as was the one with this case, could obviate the
need to bring multiple devices and delivery systems of multiple
sizes. However, as is frequently encountered, such
circumstances arise and unscheduled needs occur. As more
catheterization laboratories are built in these regions, there may
be a demand for creating a “tool kit” to assist interventional
cardiologists in preparing for the unexpected. Moreover, it will
be important for these cardiologists to prepare to train local
physicians as these facilities strive to serve their communities.
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