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Abstract

Patients with a single ventricular heart physiology may
have a persistent egress through one of the semilunar
valves that was surgically closed during the palliative
operations. This semi lunar patency results in a blind
ending pulmonary artery stump. Consequently, the
patient is at risk for thrombus that can then result in a
paradoxical embolic event and potentially an ischemic
stroke. Patients therefore must undergo a reoperation
to close the stump or remain on anticoagulation for life-
time. This report demonstrates the use of a retrograde
arterial approach and a deflectable delivery sheath to
obliterate the proximal pulmonary valve with a vascular
device.
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Introduction

The surgical palliation of children with univentricu-
lar hearts without obstruction to pulmonary outflow
consists of either Damus-Kaye-Stansel anastomo-
sis of the two great vessels in the setting of poten-
tially obstructed systemic outflow or division of the
pulmonary artery leaving the aorta as the sole out-
flow pathway if there is no potential for subaortic
obstruction [1]. If the latter approach is elected, the

technique of pulmonary artery division must min-
imize the potential for thrombus formation in the
blind ending pulmonary artery stump and subse-
quent risk for systemic embolic events [2, 3, 4]. In the
event that such a stump is present, anticoagulation
may be employed [5, 6, 7], but if thrombus develops
within the stump or embolism occurs, an intervention
to exclude the stump may be required. Here, we de-
scribe a novel management strategy in such a circum-
stance and present long-term follow-up information.

Case Presentation

The original cardiac anatomy of our patient was
that of a functionally univentricular heart. There was
(right-sided) mitral atresia, a large secundum atrial
septal defect, and a large outlet ventricular septal de-
fect. The aorta arose from the anterior and leftward
(morphologic right) ventricle and was unobstructed,
as was the aortic arch. The pulmonary artery arose
from the rightward and posterior (morphological left)
ventricle and had significant valvar and subvalvar
obstruction, such that the patient had prostagland-
in-dependent pulmonary blood flow (Figure 1).

As a neonate, via sternotomy, the patient un-
derwent construction of a right-sided modified
Blalock-Taussig shunt using a 4-mm-diameter graft.
The ductus arteriosus was not ligated at that time
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surgical intervention.

and later closed spontaneously. At 6 months of age,
via re-do sternotomy, the patient underwent shunt
takedown and construction of a bidirectional Glenn
anastomosis. The main pulmonary artery was not di-
vided but was suture-ligated proximally. Follow-up
echocardiography revealed persistent patency of
the main pulmonary artery. At 30 months of age, via
third-time sternotomy, an extracardiac Fontan opera-
tion was performed using a 20-mm conduit. The main
pulmonary artery was again suture-ligated but not di-
vided, leaving a blind end pulmonary outflow stump
(Figure 2).

An echocardiogram performed on post-operative
day 5 demonstrated persistent to-and-from flow into
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Figure 2. Schematic of the single ventricle anatomy after the
Fontan operation.

the proximal pulmonary artery but no antegrade
flow into the pulmonary arteries or Fontan circuit
(Figure 3). Although no thrombus was appreciated
within the pulmonary valve sinuses or proximal pul-
monary artery, the patient was started on warfarin
therapy. A follow-up echocardiogram two months
later demonstrated a moderate-sized mobile throm-
bus within the pulmonary stump despite an inter-
national normalized ratio of 3.3. Although there was
no evidence of systemic embolism, it was deemed
necessary to proceed with obliteration of the pulmo-
nary stump, as the presence of thrombus was felt to
indicate failure of anticoagulation therapy. Because
of the patient’s recent surgery and multiple prior pro-
cedures, transcatheter obliteration was proposed.

At nearly 3 years of age and a weight of 18 kg, the
patient proceeded to the cardiac catheterization lab-
oratory. The procedure was performed under general
anesthesia guided by transesophageal echocardiog-
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Figure 3. Transthoracic echocardiogram color-flow Doppler image on post-operative day 5 after the Fontan operation. (Panel A)
Evidence of persistent to-and-from flow into the proximal pulmonary artery stump. (Panel B) No evidence of significant antegrade
flow across the sutured main pulmonary artery into the Fontan circuit.

raphy and fluoroscopy. Vascular access consisted of a
5-F percutaneously-placed sheath in the left femoral
artery. Angiography of the femoral arterial system con-
firmed an appropriate vessel diameter of 4.2 mm for
upsizing the arterial sheath. From the left femoral ar-
tery sheath, a 5-F pigtail catheter was positioned using
a0.035-in J wire across the aortic valve and through the
ventricular septal defect into the right-sided morpho-
logic left ventricle. Subsequently, a 0.032-in J wire was
positioned through the 5-F pigtail, and an 8.5-F (inter-
nal diameter) Agilis steerable sheath (St. Jude Medical,
St. Paul, Minnesota) was positioned over the 0.032-in
J wire and into the mid-right-sided morphological left
ventricular cavity. The Agilis sheath was deflected to
allow an angle directly toward the pulmonary valve
(Figure 4). During this maneuver, there was a brief
(< 3 s) episode of transient complete heart block with
no hemodynamic changes. Subsequently, a 6-F multi-
purpose A-1 catheter was advanced through the Agilis
sheath and positioned immediately distal to the pul-
monary valve apparatus for an angiogram (Figure 5).
Subsequently, a 0.038-in standard J-wire was advanced
into the proximal pulmonary artery, and the 6-F multi-
purpose catheter was removed. A 6-F JL 3.5 coronary
guide catheter was inserted over this wire into the
pulmonary valve stump. This wire was removed, and
the coronary guide catheter was used to position a 12-
mm Amplatzer Vascular Plug (St. Jude Medical) across
the pulmonary valve apparatus. The device was fully

deployed with a waist in the mid-portion (Figure 6),
suggesting engagement with the pulmonary valve
annulus. A ventriculogram demonstrated a well-posi-
tioned device and no evidence of flow into the pulmo-
nary valve or pulmonary artery (Figure 7). Subsequent
angiography and transesophageal echocardiography
demonstrated no significant leak around the device
but a trivial leak through the device mesh. The previ-
ously noted thrombus material remained within the
pulmonary outflow stump, with thrombus egress
prevented by the device. The femoral arterial sheath
was removed, periprocedural antibiotics were admin-
istered, aspirin and warfarin were restarted, and there
were no unanticipated adverse events.

The patient was maintained on warfarin and aspi-
rin post-procedure. An early pre-discharge transtho-
racic echocardiogram demonstrated that the vascu-
lar occlusion device was in a good position across the
pulmonary valve with elimination of leaflet motion.
A trace amount of prograde flow by color-flow Dop-
pler was observed through the device mesh without
reflux back across the valve leaflets. The previously
noted thrombus remained along the posterior wall of
the pulmonary stump. After 6 months, warfarin was
discontinued, and aspirin was continued indefinite-
ly. No evidence of thrombus recurrence or propaga-
tion was detected, nor was there any sign of systemic
embolism.
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Figure 4. Agilis sheath retrogradely placed into the left ventricle and deflected toward the pulmonary valve. (Panel A) Anterior-pos-
terior projection. (Panel A) Lateral projection.

Figure 5. A 6-F multipurpose A-1 catheter advanced through the Agilis sheath and positioned immediately distal to the pulmonary
valve apparatus for an angiogram. (Panel A) Right anterior oblique projection. (Panel B) Lateral projection.

Rhodes, J. F. et al. Transcatheter Pulmonary Value Stump Device Closure



Case Reports

132

A

Figure 6. A 12-mm Amplatzer Vascular Plug fully deployed with a waist in the mid-portion across the pulmonary valve apparatus.

(Panel A) Anterior-posterior projection. (Panel B) Lateral projection.

Figure 7. Ventriculogram demonstrating a well-positioned
Amplatzer Vascular Plug and no evidence of flow into the
pulmonary valve or pulmonary artery.

The echocardiogram at the most recent follow-up
of 7 years demonstrated a well-positioned vascular
device and no residual flow into or out of the proxi-
mal pulmonary artery (Figure 8).This finding was con-
firmed by magnetic resonance imaging angiography
with and without contrast, though the images were
partially obscured by an artifact related to the occlu-
sion device. In addition, at the most recent follow-up,
there was no leg length discrepancy and normal fem-
oral pulses bilaterally.

Discussion

We believe this to be the first report of the use of
a percutaneous retrograde deflectable sheath tech-
nique and vascular occluder to obliterate the proxi-
mal pulmonary artery in this setting. There are reports
of perventricular approaches to close the pulmonary
artery stump [8] as well as multiple publications de-
scribing vascular occluders for other indications in-
cluding AV malformations, aorto-pulmonary collater-
als, and coronary fistula [9].

This indication should be relatively rare, as the
pulmonary valve is often resected and the proxi-
mal pulmonary trunk obliterated with suture lig-
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Figure 8. Transthoracic echocardiogram with color-flow Doppler at 7-year follow-up demonstrated a well-positioned vascular

device and no residual flow into or out of the proximal pulmonary artery. (Panel A) Two-dimensional imaging. (Panel B) Color-flow

Doppler imaging.

ature during staged palliation. However, in some
cases, the surgeon may not perform these maneu-
vers, perhaps because of the presence of impor-
tant coronary artery branches around the pulmo-
nary annulus or the wish to preserve additional
pulmonary blood flow at the time of the Glenn
operation. In such circumstances, thrombus may
develop within the proximal pulmonary artery
immediately distal to the pulmonary valve appa-
ratus [7]. If this is recognized, the patient may be
treated with long-term anticoagulation [5]. With
valve patency, and particularly to-and-from flow
across the pulmonary valve, a thrombus may dis-
lodge into the systemic circulation [2, 3, 4] and
result in stroke [2, 3], with significant consequent
morbidity and even mortality [7]. When thrombus
is identified or suspected, the most aggressive
approach would include surgical thrombectomy
and patch closure of the pulmonary annulus.
As this would require what in most children
would be fourth sternotomy, as well as the use of
cardiopulmonary bypass, a trial of medical ther-
apy may be undertaken. If that fails or is felt un-
likely to be successful, we have demonstrated an

effective alternative to surgery. Also, perventricu-
lar techniques should be considered if the femoral
arterial system is deemed inadequate for the large
deflectable sheath.

In conclusion, this report demonstrates the use
of a retrograde arterial approach and a deflect-
able delivery sheath to obliterate the proximal
pulmonary valve with a vascular device, thus pre-
cluding the need for reoperation, perventricular
technique, or lifetime anticoagulation and asso-
ciated risks. Transcatheter obliteration of a blind
ending pulmonary artery stump is feasible and
durably effective.
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