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Abstract

Mitral leaflet perforations after surgical aortic valve
replacement may be iatrogenic or due to endocarditis.
We present a 20-year-old female who underwent sur-
gical mechanical aortic valve replacement 8 months
prior to this presentation for bicuspid severe aortic
valve stenosis. She presented with acute decompen-
sated heart failure with dyspnea and New York Heart
Association (NYHA) functional class of IlI-IV. Transtho-
racic (TTE) and transesophageal echocardiography
(TEE) demonstrated severe mitral regurgitation (MR)
through an anterior mitral leaflet perforation. The pa-
tient refused surgical repair and percutaneous closure
of the perforation was decided and performed using
both antegrade and retrograde approaches. In this re-
port, we emphasize the details and challenges of the
procedure.
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Introduction

Anterior mitral leaflet perforation complicating bi-
cuspid aortic valve has been reported and are mostly
iatrogenic or related to infective endocarditia [1]. For
patients with clinical symptoms, surgical re-interven-
tion is generally the accepted approach [2]; howev-
er, reoperation after aortic valve replacement may
be associated with an increased risk of mortality and
morbidity. Very few sporadic cases of percutaneous
closure of perforated anterior mitral leaflet have been
reported [3-5]. We describe a case of successful per-
cutaneous closure of an anterior mitral leaflet perfo-
ration in a patient who previously had a mechanical
aortic valve replacement. We present this case to em-
phasize the role of double antegrade and retrograde
approaches through both femoral arterial and ve-
nous accesses and the challenges of the procedure.

Case Report

History

A 20-year-old female was diagnosed with bicuspid
aortic valve (AV) and severe aortic stenosis (AS) com-
plicated by infective endocarditis and mechanical AV
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Figure 1. Panel A. TEE showing severe mitral regurgitation through the AML perforation. Panel B. 3D-TEE showing the wire passing
from the AV to AML perforation. Panel C. Fluoroscopic view showing the complete arteriovenous loop and delivery sheath introduc-
tion. Panel D. 2D-TEE view during passing the mechanical aortic valve with the wire, showing moderate aorticregurgitation(left); after
device implantation and removal of the wires, there is no aortic regurgitation (right).

replacement was done. Eight months later, she pre-
sented to our center with progressive SOB with NYHA
class lll-IV. Cardiovascular examination revealed 4/6
holosystolic murmur at the apex. Transthoracic echo-
cardiography revealed severe mitral incompetence
(Figure TA). Transesophageal echocardiography (TEE)
showed 5x5mm anterior mitral leaflet (AML) perfo-
ration through the A2 segment with moderate pul-
monary hypertension (estimated systolic pulmonary
artery pressure of 50 mmHg). The aortic valve showed
a mean gradient of 18 mm/Hg across the AV with no
valvular or paravalvular leaks. The left ventricular
ejection fraction (LVEF) was 55% and the left ventric-
ular end systolic diameter was 46 mm. Several blood
cultures were taken and they showed no bacterial
growth. As the patient refused redo surgery, she was
referred for a possible percutaneous closure of AML
perforation.

Procedure

The procedure was performed under general anes-
thesia with three-dimensional TEE guidance (PHILLIPS
iE33 Cardiovascular Ultrasound, USA) and periproce-
dural prophylactic antibiotics were given. The chal-
lenges were crossing the defect in the A2 segment,
selecting the appropriate device and the AML be-
havior after device deployment. Very low transseptal
puncture was intended to create a straight tract with-
out tension on the AML during closure. We anticipat-
ed that crossing the defect from the LA side will be ex-
tremely difficult due to leaflet’s movement away from
and parallel to the crossing wire with each heartbeat.
In addition, crossing through the mechanical aortic
valve may carry the challenge of hemodynamic insta-
bility or mechanical disruption of the valve. Arterial
and venous femoral accesses were secured and hep-
arin was given. Transseptal access was done; tip de-
flectable catheter (Agilis St Jude) 8.5 F was introduced
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Figure 2. Panel A. 3D-TEE showing the device located within the AML sealing the perforation. Panel B. Fluoroscopic view showing
the device after its release in the AML. Panel C. Colour-TTE apical view after 6 months following the procedure with no residual MR.
Panel D. 2D-TTE apical view showing the device fixed in the AML 6 months after the procedure.

for effective negotiation in the LA cavity and through
the anterior mitral leaflet perforation (Figure 1B, 1C).
With the help of 2 dimensional (2D) TEE at a 120-de-
gree angle with slight clockwise rotation, the mechan-
ical AV and the AML perforation were visualized at the
same view helping to cross the defect. Real-time 3D
imaging was used to monitor device implantation.
Retrograde crossing using cut pigtail catheter and
0.035" Terumo glide wire across one orifice of the aor-
tic valve was successful, avoiding the central slit ori-
fice (Figure 1D). The cut pigtail, with a suitable curve,
successfully passed to the LV cavity then was carefully
pulled back to the level of the AML, and the wire was
easily oriented through the hole of the AML. This step
ended by snaring the wire in the LA forming the com-

plete arteriovenous (AV) loop (Figure 1C). A Tourque
Vue 6F sheath (St Jude Amplatzer) crossed the atrial
septum to the AML perforation and was forwarded to
the ascending aorta, crossing the mechanical aortic
valve with extreme caution as harm may affect the
AML, creating more injury or disrupting the mechan-
ical aortic valve. The device chosen for closure needs
to be light enough not to affect the AML mobility and
needs to be fixed away enough from the closure line
to avoid creating new MR through the normal MV ori-
fice. We selected an atrial septal defect closure device
(Amplatzer septal occluder, St Jude) size 4 mm with
the large disc (16mm) designed to be in the LV side
for better stability. During and after crossing the de-
fect, monitoring with real-time 3D-TEE imaging was
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Figure 3. Panels A and C. A cartoon showing the location of the anterior mitral leaflet perforation and its relation to the aortic valve,
it was 5X5 mm in diameter and 8 mm away from the mitral valve closure line. Panels Band D. Same cartoon showing the ASD closure
device in place and its relation to the MV closure line and also relation to aortic valve.

helpful through device deployment. The device was
partially opened through the aortic valve then fully
opened in the LVOT with good secured traction of the
delivery system to close the second disc sandwiching
the AML. The device showed no interference with
the mitral valve closure mechanism and the anterior
mitral leaflet moved freely. TEE showed no residual
mitral incompetence; no diastolic gradient across the
mitral valve and no LVOT systolic gradient (Figure 2A
and 2B).

Follow up

The patient's clinical course was excellent as she
had significant symptomatic improvement with
NYHA class | and her follow-up echocardiography
showed no residual MR, no diastolic mitral valve gra-
dient and estimated systolic pulmonary artery pres-
sure of 35 mmHg after 6 months following the proce-
dure (Figure 2C and 2D).

Discussion

Mitral leaflet perforations are generally rare and
mostly due to infective endocarditis [1, 6]. Other caus-
es can be iatrogenic and would have occurred during
surgery for the aortic valve, or due to autoimmune
diseases like systemic lupus, erythematosus, or anti-
phospholipid syndrome [7]. During aortic valve sur-
gery, anterior mitral leaflet perforation can happen
due to the fibrous continuity between the anterior
mitral leaflet and the aortic valve [8]. Furthermore, the
middle of the anterior mitral leaflet corresponds to
the anatomical location of the commissure between
the left and non-coronary sinuses of the aortic valve
[8]. Because of this close anatomical proximity, either
of the two valves may be injured during intervention
for the other [8]. In a review of the complications in
475 cases after repair of aortic valve insufficiency
done by Dyck et al. [9]; they reported two cases of
perforation of the base of the anterior mitral leaflet. In
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some patients, the mechanism of injury to the mitral
valve anterior leaflet is aortic valve regurgitation, with
the regurgitant jet being directed towards the mitral
valve anterior leaflet, eroding the tissue and leaving
the surface more prone to infection [8].

As endocarditis is sometimes associated, infection
must be excluded in all patients with leaflet perfora-
tion. Perforations in the anterior leaflet may be the
only mechanism of mitral regurgitation and if it is
large, it may cause severe heart failure and warrant
intervention whenever they are diagnosed [1, 2].

In this reported case, multiple blood cultures
drawn over two weeks were negative, and no vege-
tations were seen on TEE. In our case, the perforation
may have been either iatrogenic, possibly because of
surgical aortic valve replacement, or as a complica-
tion of the endocarditis that was diagnosed preoper-
atively. Surgery is the standard treatment for patients
with mitral leaflet perforations [8]; but because of the
higher risk related to the redo surgery and the pa-
tient’s preference, percutaneous procedure was ad-
opted.

Percutaneous closure carries multiple challenges
which include crossing the leaflet perforation, which
can be done from either the LA side or the ventricular
side, the site of transseptal access, feasibility of cross-
ing and negotiating the mechanical aortic valve, and
how much the device can affect the closure mecha-
nism of the mitral valve. We chose a very low septal
puncture to avoid stretching the leaflet during ma-
nipulation. Then we decided to use either IM catheter
or cut pigtail for negotiating the perforation from the
LVOT as it was faster and easier. For the mechanical
aortic valve, we avoided any excessive tension on the
valve and made sure to stay away from the central slit
to avoid impairment of both discs simultaneously. The
best selection of the closure device was a double disc
device with a distance no more than 4mm between
the discs, and it is best to have a larger disc towards
the high-pressure chamber (LV). Also, there must be
enough distance between the edge of the device and
the closure line of the mitral valve. We used an atrial
septal occluder device size 4 mm with an LV disc of
12 mm and waist thickness of 3 mm. Because of the
extreme difficulty of crossing, we preferred keeping
a safety wire during device deployment to maintain

access in case of accidental loss of the access (Figure
3A-D).

In the study of Velasco S., et al. [3], they used an
8X4-mm Amplatzer Vascular Plug Ill with no follow up
reported. In the study of Raczkiewicz S., et al. [4], they
reported usinga 6 mm x 3 mm PLD rectangular (Para-
valvular Leak Device, Occlutech). They reported five
months follow up by transthoracic echocardiography
with no residual regurgitation. In the study of Javed
U, et al. [5], they used 5mm Amplatzer atrial septal
occluder.

In our case, we used an Amplatzer ASD device,
however, a small Amplatzer duct occluder Il, (5 to
6 mm with a short waist), could be another option
since it's made of micronitinol with a low chance of
hemolysis. It can be delivered through a much small-
er delivery sheath which could minimize trauma to
the mitral valve as well.

Summary

Percutaneous repair of mitral leaflet perforation
caries many challenges and is only reserved for ap-
propriately selected patients who have a high risk
for surgery or in patients who refuse it. The main
challenge during the procedure is the safe crossing
through the defect using both the antegrade and ret-
rograde approach. TEE guidance of the procedure is
mandatory and real-time 3D is very helpful. Further
research is needed to establish mid- and long-term
follow up of this approach.
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