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We describe percutaneous closure of an unusual paravalvular leak, with a communica-
tion from the noncoronary cusp of the aortic valve to the left atrium adjacent to a St.
Jude mitral valve prosthesis, in the absence of an infection. The patient presented with
worsening dyspnea and edema. The anatomic location of the valve annulus adjacent to
the noncoronary cusp underlies the etiology of this communication. Outcomes from
surgical repair are associated with high mortality. We performed percutaneous closure
of the defect, using general anesthesia and transesophageal echo guidance. An
Amplatzer duct occluder was placed in the fistula, with immediate and complete clo-
sure of the shunt. While no devices specific for closure of paravalvular leaks have been
designed, growing experience with a variety of devices and the use of echo guidance
have allowed successful therapy in many complex cases. ' 2005 Wiley-Liss, Inc.
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INTRODUCTION

Clinically significant paravalvular periprosthetic leaks
are relatively uncommon, occurring in <5% of patients
with prosthetic valves [1–4]. They are more common
with mechanical valve implants, and small leaks may
be found in over 40% of the patients, if searched for
carefully [5,6]. We describe percutaneous closure of a
particularly unusual lesion associated with a paravalvu-
lar leak in which there was a fistulous communication
from the noncoronary cusp of the aortic valve to the
left atrium, adjacent to a St. Jude mitral valve prosthe-
sis [7]. A fistula connection from the aorta to the left
atrium has usually been associated with the sequelae of
infective endocarditis. The appearance of this lesion in
association with a mechanical valve in the absence of
an infection is highly unusual. The anatomic location of
the valve annulus adjacent to the noncoronary cusp
underlies the etiology of this communication. Heart fail-
ure is a significant complication of paraprosthetic leaks,
and outcomes from surgical repair are associated with
high mortality [7,8].

CASE DESCRIPTION

A 76-year-old woman presented with a history of
St. Jude mitral valve replacement in 1994. In 2001,
she had a transesophageal echocardiogram that showed
normal prosthetic function and no aortic insufficiency.
She had been well until about 1 year prior to her cur-
rent presentation, when she began developing progres-
sive exertional dyspnea and lower extremity edema.
Ultimately, she was dyspneic, walking only 15–20 feet

despite therapy with captopril, furosemide, aldactone,
metolazone, and digoxin. She had not required hospi-
talizations for congestive heart failure. She had no
history of endocarditis. She had murmurs that were
thought to be due to pulmonic insufficiency or tricus-
pid regurgitation. During evaluation for the etiology of
her shortness of breath, she underwent transthoracic
and transesophageal echocardiography, and cardiac ca-
theterization. Echocardiography demonstrated left ven-
tricular hypertrophy with an ejection fraction of 70%.
There was right ventricular hypokinesis with pulmonic
and tricuspid insufficiency. The estimated pulmonary

artery systolic pressure was 70 mm Hg. Transesopha-

geal echo demonstrated the mitral prosthetic leaflets to

function normally. Spontaneous echo contrast was seen

in the left atrium. Doppler interrogation demonstrated

an abnormal, eccentric jet in the perivalvular area.
Cardiac catheterization included aortography. This

demonstrated a fistula from the noncoronary cusp of
the aorta into the left atrium. The left atrium was
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noted to largely fill during a single cardiac cycle and
contrast entered the pulmonary veins. The pulmonary
artery pressure at that time was noted to be 84/20 mm
Hg, with a mean of 45 mm Hg and a pulmonary capil-
lary wedge mean pressure of 25 mm Hg. Angiography
showed mild coronary artery disease, and ventriculog-
raphy demonstrated an ejection fraction of 55% with
no angiographic evidence for mitral regurgitation.
Following review of the diagnostic images, percuta-

neous closure of the fistula was planned. After general
anesthesia, and using transesophageal echo guidance,
an 8F sheath was placed in the right femoral vein, and
a 6F sheath was placed in the right femoral artery.
Transseptal puncture was accomplished without inci-
dent, using an 8F Mullins transseptal sheath. Anticoa-
gulation with heparin was administered. Aortography
once again demonstrated the fistulous connection be-
tween the noncoronary cusp of the aorta and the base
of the left atrium (Fig. 1). Transesophagel echo clearly
demonstrated the lesion adjacent to the mitral annulus
and just above the aortic leaflets (Fig. 2). Continuous
flow was noted through the fistula. The systolic Dop-
pler-estimated gradient from the aorta to the left atrium
was 90 mm Hg, and the diastolic gradient was 50 mm
Hg. A second, small paravalvular leak was noted adja-
cent to the mitral prosthetic annulus, with a narrow-
based, systolic jet from the left ventricle to the left
atrium. The pulmonary artery peak systolic pressure

was 42 mm Hg, reflecting recent intensive therapy for
the patient’s lower extremity edema and dyspnea.
Via the arterial access, a 5F multipurpose catheter

was placed in the noncoronary cusp, and contrast injec-
tion demonstrated close proximity to the origin of the
fistula (Fig. 1). A hydrophilic 0.035 in. angle-tip wire
was used to probe the sinus of Valsalva, until it crossed
the fistula into the left atrium. The 5F multipurpose
catheter was easily passed across the defect without any
feeling of resistance into the left atrium (Fig. 3).
A 0.035 in. 3 300 cm long wire was passed through

the 8F transseptal sheath into the left atrium, and
snared with a 10-mm gooseneck snare placed directly
through the 5F multipurpose catheter (Fig. 3). The
wire was pulled across the fistula from the left atrium
into the aorta and exteriorized through the arterial
sheath, using a 7F arterial sheath (Fig. 4). With the
wire exiting both the venous and arterial sheaths, the
transseptal sheath was exchanged for a 7F AGA medi-
cal ASO delivery sheath. The dilator of the sheath
tracked through the left atrium, across the defect, and
into the aorta with only minimal resistance. The distal
portion of the sheath was placed in the top of the
aortic arch, and the dilator and the wire were removed.
This left the sheath in the aorta, from the venous side,
for delivery of a duct occluder (Fig. 5). Based on the
feeling of some resistance around the sheath and cross-
ing the defect, and a diminution of color jet flow with

Fig. 1. In the left panel, the arrows outline contrast filling the left atrium, arising from the
posterior or noncoronary aortic cusp during aortography. The right panel shows a multipur-
pose catheter in the noncoronary cusp, with a discrete jet of contrast streaming into the left
atrium, also noted by arrows. A transseptal sheath is seen in the left atrium, and a transeso-
phageal echo probe is seen at the top of the right panel.
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the 7F sheath (2.3 mm diameter) across the defect, a
6-4 mm AGA duct occluder was chosen. The sheath
appeared to have kinked in the fistula tract after
removal of the guidewire, but advancement of the duct
occluder on its delivery cable required no force at the
point of the apparent kink (Fig. 5). The distal retention

flange of the duct occluder was opened in the aorta,
and the sheath and the device were withdrawn until
the flange abutted the sinus of Valsalva on the aortic
side (Fig. 6). At this point, TEE imaging showed that
aortic leaflet motion was unimpeded, and there was no
evidence for aortic insufficiency on color Doppler

Fig. 3. In the left panel, a multipurpose catheter is seen traversing the aorta and entering
the left atrium above the aortic valve. In the right panel, a snare has been passed through
the multipurpose catheter into the left atrium. A guide wire has been passed through the
Mullins sheath into the left atrium as well.

Fig. 2. Transesophageal echo images obtained during the procedure. The color flow can
clearly be seen between the aorta and left atrium. In the left panel, there is acoustic shadow-
ing from the St. Jude prosthetic mitral valve. AO, aorta; LA, left atrium; MV, mitral valve.
[Color figure can be viewed in the online issue, which is available at www.interscience.wiley.com.]
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Fig. 4. Left panel shows an anteroposterior view of a guide wire looped through the circula-
tion. From the lower left, the wire traverses the Mullins sheath, crosses from the left atrium
into the aortic root just above the aortic valve, and goes through the aortic arch and then
into the descending aorta. In the right panel, a right anterior oblique view shows the course
of the wire from posterior in the left atrium, coursing anteriorly into the aorta.

Fig. 5. In the left panel, a 7F delivery sheath has been passed through the defect from the
venous side, and extends into the ascending aorta. The arrow shows the point at which the
catheter is kinked in the fistula. In the right panel, the Amplatzer duct occluder has been
passed through the delivery sheath into the aorta. The delivery cable is opaque, and the
device can be seen to be compressed within the sheath. The tip of the device is marked by
a small radiopaque marker.
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examination. The duct occluder was pulled back to seat
well into the aortic side of the fistula opening, and the
remainder of the occluder exposed as the delivery sheath
was pulled back into the left atrium (Fig. 7). Echocar-
diographic, Doppler, and angiographic assessments dem-
onstrated complete occlusion of the fistula without aortic
insufficiency or impingement on the mitral leaflets. The
small left ventricle to left atrium paravalvular leak was
unchanged compared to preprocedure.
The device was unscrewed from the delivery cable

and released. A final aortogram demonstrated complete
closure of the shunt without aortic insufficiency (Fig. 8).
This was confirmed on Doppler echocardiographic exa-
mination (Fig. 9).
Less then 48 hr after the procedure, she was able to

walk the length of the hospital corridor (200 feet) with-
out dyspnea. By 2 weeks post procedure, her edema
was resolved, and her diastolic murmur (initially thought
to be from pulmonic or tricuspid insufficiency) was no
longer detectable.

DISCUSSION

A communication between the aorta and the left
atrium is unusual. Most reported cases are related to

infective endocarditis. This patient clearly had no his-
tory of endocarditis or clinical signs or findings to sug-
gest an infective etiology. The communication in this
patient is paravalvular. The proximity of the posterior
sinus of Valsalva to the mitral annulus is easily appre-
ciated in anatomic drawings (Fig. 10). The long delay
between mitral valve replacement and the appearance
of clinical symptoms related to this fistula cannot be
clearly explained. It is possible that a very small leak
existed in the early postoperative time frame, and
enlarged very slowly. It is also possible that erosion of
suture occurred much later in the course after valve re-
placement. It is also possible that repair of the intra-
atrial septum at the time of surgery might have involved
the posterior sinus.
A wide variety of devices have been used to close

paravalvular leaks. Various atrial septal, ventricular
septal occluders, and coils have been reported [9–17].
None of these devices are specifically designed or
ideally suited for closure of paravalvular leaks [15,18].
More recently, the AGA medical Amplatzer PDA
occluder has been reported as useful in this clinical
setting [17]. The PDA occluder is especially well
suited, because it has a retention flange to help main-
tain its position in a narrow-necked, relatively short
defect such as these paravalvular leaks.

Fig. 6. In the left panel, the device can be seen with the retention phlange pushed out of
the delivery sheath and opened in the aorta. In the right panel, the device has been pulled
back so that the delivery cable is now fully within the left atrium and the device is partially
deployed within the defect.
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A number of technical challenges are presented by
the use of vascular plug devices such as this for para-
valvular leak closure. In this case, crossing the lesion
was not difficult. After a multipurpose catheter was

positioned in the noncoronary cusp, a glide wire was
easily passed into the left atrium. Snaring the wire in
the left atrium required considerable maneuvering be-
cause of the large size of the left atrium. We were best
able to get the wire and snare into close proximity by
maneuvering into a common pulmonary vein in which
there was less room for the two devices.

Fig. 8. Aortography after device placement shows no further
evidence for contrast leaking into the left atrium. The arrow
shows the location of the device in the noncoronary cusp.

Fig. 9. Transesophageal echo imaging after device place-
ment. There is no longer flow between the aorta and left
atrium. The arrow points at the device in the wall of the aorta,
adjacent to the left atrium. AO, aorta; LA, left atrium. [Color
figure can be viewed in the online issue, which is available at
www.interscience.wiley.com.]

Fig. 7. The left panel shows the device well implanted into the fistula, with the delivery
cable attached in the left atrium. The right panel shows the device after release.
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The duct occluder delivery sheath passed across the
defect with the support of a wire that had been exteri-
orized on the arterial side and snared. It is not clear
whether it would have been possible to advance the
sheath through the defect without that degree of sup-
port. The sheath kinked in the defect, after the wire
and the dilator were removed; but it was surprisingly
easy to pass the occluder across the kink with minimal
retraction of the sheath.

REFERENCES

1. Hammermeister K, Sethi GK, Henderson WG, Grover FL,

Oprian C, Rahimtoola SH. Outcomes 15 years after valve

replacement with a mechanical versus a bioprosthetic valve:

final report of the Veteran’s Affairs Randomized Trial. J Am

Coll Cardiol 2000;36(4):1152–1158.

2. Jindani A, Neville EM, Venn G, Williams BT. Paraprosthetic

leak: a complication of cardiac valve replacement. J Cardiovasc

Surg 1992;32:503–508.

3. Davila-Roman VG, Waggoner AD, Kennard ED, Holubkov R,

Jamieson WR, Englberger L, Carrel TP, Schaff HV, Artificial

Valve Endocarditis Reduction Trial Echocardiography Study.

Prevalence and severity of paravalvular regurgitation in the Arti-

ficial Valve Endocarditis Reduction Trial (AVERT) echocardiog-

raphy study. J Am Coll Cardiol 2004;44(7):1467–1472.

4. Safi AM, Kwan T, Afflu E, Al Kamme A, Salciccioli L. Para-

valvular regurgitation: a rare complication following valve re-

placement surgery. Angiology 2000;51(6):479–487.

5. Rallidis LS, Moyssakis IE, Ikonomidis I, Nihoyannopoulos P.

Natural history of early aortic paraprosthetic regurgitation: a

five-year follow-up. Am Heart J 1999;138(2 Pt 1):351–357.

6. Miller DL, Morris JJ, Schaff HV, Mullany CJ, Nishimura RA,

Orszulak TA. Reoperation for aortic valve periprosthetic leak-

age: identification of patients at risk and results of operation.

J Heart Valve Dis 1995;4:160–165.

7. Archer TP, Mabee SW, Baker PB, Orsinelli DA, Leier CV.

Aorto-left atrial fistula. A reversible cause of acute refractory

heart failure. Chest 1997;111(3):828–831.

8. Jones JM, O’Kane H, Gladstone DJ, Sarsam MA, Campalani G,

MacGowan SW, Cleland J, Cran GW. Repeat heart valve sur-

gery: risk factors for operative mortality. J Thorac Cardiovasc

Surg 2001;122:913–918.

9. Hourihan M, Perry SB, Mandell VS, Keane JF, Rome JJ,

Bittl JA, Lock JE. Transcatheter umbrella closure of valvular

and paravalvular leaks. J Am Coll Cardiol 1992;20:1371–1377.

10. Moscucci M, Deeb GM, Bach D, Eagle KA, Williams DM. Coil

embolization of a periprosthetic mitral valve leak associated with

severe hemolytic anemia. Circulation 2001;104: E85–E86.

11. Eisenhauer AC, Piemonte TC, Watson PS. Closure of prosthetic

paravalvular mitral regurgitation with the Gianturco-Grifka vascu-

lar occlusion device. Cathet Cardiovasc Interv 2001;54:234–238.

12. Boudjemline Y, Abdel-Massih T, Bonhoeffer P, Piechaud JF,

Agnoletti G, Iserin F, Bonnet D, Sidi D. Percutaneous closure of

a paravalvular mitral regurgitation with Amplatzer and coil pros-

theses. Arch Mal Coeur Vaiss 2002;95:483–486.

13. Piechaud JF. Percutaneous closure of mitral paravalvular leak.

J Intervent Cardiol 2003;16:153–155.

14. Kort HW, Sharkey AM, Balzer DT. Novel use of the Amplatzer

duct occluder to close perivalvar leak involving a prosthetic

mitral valve. Cathet Cardiovasc Interv 2004;61:548–551.

15. Hijazi ZM. Transcatheter management of paravalvular mitral

leaks: far from ideal. Cathet Cardiovasc Interv 2004;61:552–553.

16. Pate G, Webb J, Thompson C, Munt B, Chugh S, Carere R,

Moss R. Percutaneous closure of a complex prosthetic mitral

paravalvular leak using transesophageal echocardiographic guid-

ance. Can J Cardiol 2004;20:452–455.

17. Webb JG, Pate GE, Munt BI. Percutaneous closure of an aortic

prosthetic paravalvular leak with an Amplatzer duct occluder.

Cathet Cardiovasc Interv 2005;65:69–72.

18. Moore JD, Lashus AG, Prieto LR, Webb JD, Latson LA.

Transcatheter coil occlusion of perivalvular mitral leaks associ-

ated with severe hemolysis. Cathet Cardiovasc Interv 2000;49:

64–67.

Fig. 10. Anatomic drawings showing the relationship between the posterior or noncoronary
cusp of the aortic root and the left atrium. It is clear that the mitral annulus abuts the non-
coronary cusp. Reproduced with permission from McAlpin WA. Heart and coronary arteries:
an anatomical atlas for clinical diagnosis, radiological investigation, and surgical treatment.
New York: Springer-Verlag; 1975. p 19, 161.
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