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Indications for
Left-to-Right
Shunt Closure

How closure of ASD, VSD, PFO, and PDA
may lead to prevention or improvement of symptoms.

BY SUDESHNA BANERJEE, MD, AND JOHN M. LASALA, MD, PuD, FACC

ommunications between the right- and left-

sided chambers of the heart result in left-to-

right shunting due to the relatively low

intracardiac pressures on the right side. In
atrial septal defects (ASDs), the volume load affects
the right ventricle, leading to enlargement and elevat-
ed pulmonary pressures. In ventricular septal defects
(VSDs), as well as patent ductus, shunting leads to left
ventricular overload.” All of these defects can lead to
increased pulmonary flow resulting in severe or irre-
versible pulmonary hypertension and, consequently,
reversal of the shunt. The mechanism of the murmur
is not due to the size of the communication but rather
to increased pulmonary flow.

The degree and direction of shunting are deter-
mined by the compliance of the right and left ventri-
cles. The right ventricle is initially more compliant and
predominately shunts flow left to right early in the dis-
ease process. As right ventricular volume overload and
enlargement ensues, pulmonary pressures rise and the
left ventricular compliance exceeds the right-sided
compliance, leading to right-to-left shunting. The
effects of shunts include arrhythmias, endocarditis,
right and left ventricular dysfunction, paradoxical
emboli, and pulmonary hypertension.? Closure of
these defects may lead to prevention or improvement
of these conditions.

ASD

ASDs are the most common congenital cardiac malfor-
mation, accounting for 10% of those recognized at birth
and 40% of anomalies in adults older than 40 years.?

They are often asymptomatic in infancy and childhood,
but when a significant shunt exists, dyspnea on exertion
occurs in 30% of patients by the third decade, and in
more than 75% of patients by the fifth decade of life.4
Right ventricular volume overload leads to right ventricu-
lar enlargement and right atrial enlargement, which can
eventually result in pulmonary hypertension and right
ventricular failure. The degree of shunting may increase
with age as a result of increased systolic or diastolic dys-
function, affecting the left and right atrial pressure
gradient.

Indications

Right atrial and right ventricular enlargement is a class |
recommendation for ASD closure, either surgically or
percutaneously due to the morbidity and mortality asso-
ciated with elevated right-sided pressures and pulmonary
hypertension. Paradoxical embolism and documented
orthodeoxia-platypnea should also be considered for clo-
sure. In patients with left-to-right shunting, if the pul-
monary vascular resistance is less than two-thirds of the
systemic vascular resistance, closure may be contemplat-
ed. It is recommended that specific types of ASD, namely
sinus venosus, coronary sinus, or primum ASDs, should
be closed surgically. Secundum ASDs, the most common
type, are due to defects in the fossa ovalis. Patients with
secundum ASD are candidates for percutaneous closure
due to their favorable anatomic location and characteris-
tics when the defect is < 38 mm (size of the largest
Amplatzer device, AGA Medical Corporation, Plymouth,
MN) with appropriate margins (approximately 4 mm).
The exception is the deficient anterior rim when the
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Figure 1. The Amplatzer septal occluder (A) and Amplatzer multifenestrated septal occluder "Cribriform" (B).

device can straddle the aorta.

Patients without left-to-right shunts or irreversible pul-
monary hypertension are contraindicated to undergo
closure.® There have been reports, however, that treat-
ment with pulmonary vasodilators may improve pul-
monary pressures enough to allow successful ASD clo-
sure.® If a bidirectional shunt is present, response to a
pulmonary vasodilator and test occlusion of ASDs should
be determined. If a favorable response (a decrease in
mean pulmonary artery pressure with no decrease in car-
diac output and no increase in right atrial pressure) is
obtained, ASD closure may commence without reserva-
tion. If there is an unfavorable response, pulmonary
vasodilators may be initiated, with reassessment in 6
months.”

Surgery Versus Percutaneous Closure

Surgical ASD closure has been practiced for more than
50 years and has been shown to be safe and effective,
improve survival, and prevent deterioration secondary to
heart failure. It is, however, associated with increased
morbidity related to sternotomy, cardiopulmonary
bypass, and extended intensive care stay. The compara-
tive safety of percutaneous closure was demonstrated by
Suchon et al, who showed zero mortality and similar low
periprocedural complication rates and early outcomes in
a cohort randomized to surgical versus percutaneous clo-
sure.* The Amplatzer septal occluders (AGA Medical
Corporation) and the Gore Helex occluder (W. L. Gore &
Associates, Flagstaff, AZ) (Figures 1 and 2) are available
and approved for use in the United States. Amplatzer
FDA data have shown lower complications with a similar
statistical closure rate compared to surgery.® The Helex
device can currently close defects < 16 mm, while the
Amplatzer device has sizes up to 38 mm in the United
States. Sizing and success of closure has been aided with
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the development of test balloon occlusion.

Percutaneous closure leads to decreased right atrial
size and normalization of right and left ventricular vol-
umes per MRI evaluation, which has not been estab-
lished in postsurgical patients.” Studies suggest a tran-
scatheter approach is superior to a surgical approach
in terms of improvement in myocardial function.
Surgical treatment does not lead to an improvement
in myocardial performance index; this has been attrib-
uted to the effects of cardiopulmonary bypass.'®
Conversely, after percutaneous closure, right ventricu-
lar volume reduction at 6 and 12 months, as well as
improvement in right and left ventricular function,
results in a decrease in pulmonary artery pressure and
improved New York Heart Association functional
class."2

Complications/Limitations

Surgical complications include infection, bleeding, and
atrial arrhythmias. Fever, vomiting, or chest pain should
raise suspicion for postpericardiotomy syndrome or tam-
ponade.® Percutaneous closure is associated with a low
rate of long-term complications; transient atrial arrhyth-
mias have been reported, but they are rarely clinically sig-
nificant.”® Device erosion is rare (0.05%) and has been
reported with the Amplatzer ASD occluder in association
with oversizing of the device, as seen in the setting of
deficient rims." Although device erosion and migration
are uncommon, urgent evaluation is warranted should
symptoms occur or if a new effusion is seen on echocar-
diography.

VSD

Ventricular septal defects may be congenital or result
from myocardial infarction or trauma. In VSDs, compli-
cating acute myocardial infarction, the mortality is high
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Figure 2. The Gore Helex septal occluder.

with and without closure. Some studies have reported a
2-month mortality rate as high as 90% in patients who
did not undergo closure.’

In congenital patients, VSDs usually spontaneously
close in childhood. In one series, up to 80% of VSDs seen
at 1 month were closed at follow-up. In adults, sponta-
neous closure occurs in only 10% of patients. Persistent
defects can lead to heart failure, arrhythmias, pulmonary
hypertension, endocarditis, and aortic valve regurgita-
tion.'® The most common VSD is perimembranous, fol-
lowed by muscular and, rarely, supracristal.’” At present,
only muscular VSDs can be closed percutaneously,
although a perimembranous device is being developed.
The remainder should be closed surgically, if indicated.

Indications

The major indications for VSD closure in adults are
left-to-right shunt leading to right and left ventricular
overload, prevention of endocarditis, heart failure, and
aortic regurgitation. Endocarditis is associated with a 10%
mortality rate in patients with a congenital VSD.'®
Closure of a VSD is indicated when there is clinical evi-
dence of left ventricular volume overload or Qp/Qs (pul-
monary-to-systemic blood flow ratio) of 2.0 or more. A
history of infective endocarditis is another class | indica-
tion.> As recommended for ASD closure, if the pul-
monary vascular resistance is less than two-thirds of the
systemic vascular resistance, closure may be contemplat-
ed. Device closure should only be considered if the VSD is
remote from the tricuspid valve and aorta (Figure 3).
Patients with irreversible pulmonary hypertension are
contraindicated to undergo closure.

Surgical Versus Percutaneous Closure
Surgical treatment is still the gold standard for VSDs
resulting from myocardial infarction; the mortality can
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Figure 3. The Amplatzer muscular VSD occluder.

vary from 20% to 80%."” Surgeons often recommend a
delay consisting of days to weeks to allow for formation of
necrotic tissue, which provides a better anchor for closure.
Postsurgical shunts are not uncommon and may lead to
reintervention." Surgical closure does not improve intra-
cardiac dimensions.’ Thiele et al observed the outcomes
of a group of patients undergoing immediate primary
transcatheter closure of postinfarct VSDs. The benefits of
percutaneous closure over surgical closure included earlier
treatment time, decreased mortality, and the ability to
close inferior defects. Long-term follow-up of these
patients revealed a mortality rate of 37% at 730 days."”
Percutaneous closure is feasible in postsurgical and post-
traumatic patients. In patients with congenital muscular
VSDs, the mortality and complication rates associated
with percutaneous closure are very low."® To date, a per-
imembranous closure device has not been approved.

Complications/Limitations

Surgery remains the traditional treatment but has
increased morbidity and mortality resulting from scar-
ring and sternotomy. Complete heart block is the main
complication.”™

Percutaneous closure involves a rigid sheath that may
enlarge the VSD or cause rupture, with resultant dislo-
cation into the right ventricle. Another limitation is
small device sizes that are not adequate for large VSDs.
Late embolization or dislocation has been described
after percutaneous closure due to late healing and
enlargement of the defect."” The rates of complete
heart block are similar to surgical closure and have lead
to pacemaker placement and, rarely, closure device
removal with referral to surgery.”® Infection and arrhyth-
mias are reported but are less common." To date, the
Amplatzer postmyocardial infarction device is available
only for compassionate use.
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Figure 4. The Amplatzer PDA occluder device.

PDA

The ductus arteriosus connects the main pulmonary
artery to the descending aorta. It normally closes sponta-
neously within 24 to 48 hours after birth. The incidence is
5% to 10% of congenital cardiac malformations and the
defect is two times more common in female patients.'
Untreated mortality in adults is approximately 1.8% per
year.?? Cardiac catheterization provides important hemo-
dynamic information, including pulmonary vascular
resistance and degree of shunting.

Ten percent of congenital heart disease patients have
the diagnosis of patent ductus arteriosus (PDA)." PDA
commonly escapes diagnosis until adulthood when it is
usually found incidentally by auscultation of a murmur
or as an incidental finding on transthoracic echocardiog-
raphy. Asymptomatic patients may have silent pul-
monary hypertension and left ventricular dysfunction.?’

Indications

Endocarditis is responsible for almost 50% of deaths in
patients with untreated PDA; patients with a history of
endarteritis are strongly recommended to undergo surgical
or percutaneous closure. Left atrial or left ventricular
enlargement indicating left ventricular volume overload is a
class | indication.?’ Other class | recommendations include
pulmonary arterial hypertension or the presence of left-to-
right shunting.?? If the PDA is calcified, is too large for
device closure, or has distorted anatomy, surgical closure is
recommended.?? Asymptomatic patients with a PDA are
also candidates for closure with a transcatheter device. As
with ASD and VSD, irreversible pulmonary hypertension
with net right-to-left shunt is a contraindication for closure.
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Surgery Versus Percutaneous Closure

Surgical closure has been the conventional treatment
and has a negligible mortality rate but an increased mor-
bidity rate.” Percutaneous closure was first described in
1998;23 since that time there have been many new gener-
ations of devices, including improved sheaths and sizes.
The Amplatzer PDA occluder (AGA Medical Corporation)
(Figure 4) can close defects 4 to 12 mm in size, but smaller
residual defects can be occluded with coils. New advances
have also provided allowance of confirmation before
device release.2’ Temporary test occlusion with a balloon
catheter can help with sizing and predict the degree of
success.?? Percutaneous transcatheter closure is a safe alter-
native to surgery. It decreases endocarditis, arrhythmias,
and development of pulmonary hypertension.

Complications/Limitations

Complications and limitations include residual left to
right shunt, incomplete closure, hemolysis, distal
embolization, and endocarditis.”’

PFO

Patent foramen ovale (PFO) has an overall prevalence
of 27%, as described in one autopsy series. The interatrial
tunnel usually fuses within 2 years. In one series, it was
found to be patent in 35% of children. Cryptogenic
stroke is defined as an ischemic cerebrovascular episode
in the absence of identifiable cause. This accounts for
30% to 40% of patients affected who are younger than 55
years.2 PFO is more prevalent in patients with crypto-
genic stroke than in patients with known cause of stroke
(20% vs 40%-50%).24

Indications

Factors suggesting need for PFO closure include
younger patients (younger than 50 years), no other caus-
es for stroke, large PFO, coexisting atrial fibrillation, recur-
rent events, failure of anticoagulation to prevent recur-
rence, intolerance of anticoagulation, and a history of
pulmonary embolism or deep vein thrombosis.?®

In cryptogenic stroke, conventional therapy is antico-
agulation and/or antiplatelet medications. There have
not been any studies that substantially show one of these
treatments to be superior to the other. Twenty-five per-
cent of these patients have repeat recurrences of cerebral
vascular accident (CVA) or transient ischemic attack in 4
years despite medical treatment.?* Thus, medical therapy
has not been shown to prevent recurrence but has been
associated with increased risk of bleeding.” Surgical clo-
sure increases morbidity, usually manifested as atrial fib-
rillation, infection, bleeding and tamponade. Percutaneous
PFO closure secondary to cryptogenic stroke has a success
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rate of 86% to 100%, with a recurrent stroke rate of 0% to
4.9%. Percutaneous closure is superior to conservative
treatment in patients who achieve complete closure or
have more than one stroke.” Mas et al have shown that
the recurrence rate of stroke was increased in patients
with an atrial septal aneurysm that coexisted with a PFO,
leading some physicians to perform closure in the setting
of atrial septal aneurysm.™

Migraines are not currently an indication for PFO clo-
sure. The MIST trial examined this indication but the pri-
mary endpoint was not reached.’® Of note, these patients
had no history of transient ischemic attack or CVA. In
registry data of patients with a history of transient
ischemic attack/CVA plus migraine, 50% to 70% of
patients had a reduction or elimination of their migraine.
This population still has to be studied. There are insuffi-
cient data to make a recommendation about PFO clo-
sure in patients with a first stroke and a PFO. PFO closure
may be considered for patients with recurrent crypto-
genic stroke despite medical therapy.?

Complications/Limitations

Surgical treatment leads to decreased recurrence of
transient ischemic attacks and CVA, but increased
morbidity due to atrial fibrillation, bleeding, infection,
and tamponade.?® Rates of atrial fibrillation are very
low (< 2.5%), and arrhythmia is usually transient.
Hazards of PFO closure include thrombus formation
on the device (incidence of 2%), seen mostly with the
CardioSeal device (NMT Medical, Boston, MA), as well
as embolization and erosion, which are very rare.?”®

CONCLUSION

Cardiac shunts are associated with heart failure, pul-
monary hypertension, infection, and arrhythmias.
Closure of these lesions may prevent or reverse these
complications. Surgical closure is safe and well-validated.
Percutaneous closure devices have comparable safety and
efficacy in specific situations and may be associated with
less morbidity due to a less invasive procedure. Surgical
closure has been the conventional management for many
years, but with the advent of percutaneous devices and
continued advances in technology, percutaneous closure
of cardiac shunts may become more prevalent. B
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