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Transcatheter Edge-to-Edge Repair for Left
Atrioventricular Valve Cleft After Previously
Repaired Complete Atrioventricular Canal

Defect in Down Syndrome

Rohit Mital, MD, Satvik Ramakrishna, MD, Gregory L. Judson, MD, Clifton Watt, MD,
Kirsten Tolstrup, MD, and Vaikom S. Mahadevan, MD, Scottsdale, Arizona; Salt Lake City, Utah;

Portland, Maine, and San Francisco, California
INTRODUCTION

Transcatheter mitral valve edge-to-edge repair (TEER) has an estab-
lished role in the management of severe mitral regurgitation (MR),
with proven benefits to patients with primary MR at high risk for sur-
gery as well as select patients with secondaryMR.1 As experience with
the use of the MitraClip (Abbott, Abbott Park, IL) for TEER continues
to grow, the use of these devices is increasingly expanding to cases
with unconventional and challenging anatomy. Cleft mitral leaflets,
a typically rare finding, represent a situation featuring complex valve
anatomy where the role of TEER has not been clearly established
and surgery has been the default consideration for management.2,3

Patients with Down syndrome (DS) have a relatively higher incidence
of atrioventricular septal defects (AVSDs) and concomitant cleft
mitral/atrioventricular valve (AVV) leaflets potentially requiring multi-
ple surgical repairs in childhood, thus placing them at higher risk of
additional complications in adulthood.4-7 Prior case reports have
demonstrated the use of TEER in cases of cleft mitral leaflets, high-
lighting possible interventional approaches to achieve an effective
repair.8-13 Here we present a case with prior surgical repair of a com-
plete atrioventricular canal (CAVC) defect with left AVV cleft who un-
derwent successful TEER for severe regurgitation.
CASE PRESENTATION

A33-year-oldmanwith a history of DSwith surgically repairedCAVC
in the first year of life and repeat surgical intervention 11 years later,
bicuspid aortic valve, symptomatic sinus bradycardia with permanent
pacemaker implantation, nonsustained ventricular tachycardia, supra-
ventricular tachycardia, obstructive sleep apnea, chronic kidney dis-
ease, and seizure disorder was evaluated for progressively
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worsening dyspnea on exertion and fatigue. Subsequent evaluation
with transesophageal echocardiogram (TEE) confirmed surgical repair
with inlet ventricular septal defect (VSD) patch and a common AVV
with the presence of anterior left AVV cleft and severe regurgitation.
Given the progressively worsening nature of the patient’s symptoms
resulting in significant functional decline, the patient was evaluated
by cardiac surgery for consideration of repeat surgical intervention.
The patient was thought to be prohibitively high risk for repeat surgery
in the setting of multiple prior sternotomies and presence of significant
medical comorbidities. He was referred to the structural heart team
for exploration of percutaneous therapeutic options. The decision
was made to proceed with percutaneous valve repair with TEER.

Intraoperative TEE demonstrated normal biventricular size and
function, with a left ventricular (LV) end-diastolic internal diameter
of 4.6 cm and an estimated LV ejection fraction of 55% to 60%.
There was no evidence of flow across the site of inlet VSD repair by
color and spectral flow Doppler. An anterior cleft of the left AVV
was located at the lateral aspect of the A2 scallop with prolapse of
the A2 and A3 scallops. There was severe left AVV regurgitation orig-
inating at the site of the anterior cleft with a posteromedially directed
jet. The effective regurgitant orifice area was 0.59 cm2, with estimated
regurgitant volume of 99 mL and regurgitant fraction of 74% along
with systolic flow reversal in the right-sided pulmonary veins consis-
tent with severe regurgitation. The peak and mean transvalvular gra-
dients were 15 mm Hg and 5 mm Hg, respectively (Figure 1, panel
A in Videos 1-4). The estimated mitral valve area by two-dimensional
(2D) planimetry in the transgastric view was approximately 3.8 cm2,
suggesting that the elevation in transmitral gradients was likely due to
significant regurgitant flow. Posterior leaflet length was assessed prein-
tervention to guide device selection and measured approximately
9 mm. The anterior leaflet measured 14 mm in length.

With TEE guidance, transseptal puncture was performed using a ra-
diofrequency wire, and the delivery sheath was advanced into the left
atrium. Posterior leaflet length was important in determining appro-
priate device selection, with 6 mm of leaflet insertion needed for
NT/NTW MitraClips, according to the manufacturer’s recommenda-
tions, and 9 mm of leaflet insertion needed for XT/XTW MitraClips.
An NTW MitraClip was selected due to a posterior leaflet length of
only 9 mm. The device was subsequently advanced into the left
ventricle, and bileaflet capture was confirmed. Initially, the device
was positioned at the A2/P2 scallops with orientation of the clip
arms at 12 and 6 o’clock, essentially perpendicular to the valve plane.
However, significant left AVV regurgitation remained with this
approach, with difficulty in capturing the anterior leaflet within the
clip arms due to the presence of the anterior cleft near the 12 o’clock
position (Video 5). The device was repositioned with slight angulation
with clip arms adjusted to 2 and 8 o’clock so that there was capture of
35
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VIDEO HIGHLIGHTS

Video 1: Intraprocedural TEE with 2D views pre- and post-

TEERwithout color Doppler. Midesophageal biplane imaging of

a long-axis (120�-155�) and bicommissural view (55�-65�)
without color Doppler (A) demonstrating A2/A3 prolapse (V)
and the location of the anterior cleft (Y). Similar views are

shown (B) that demonstrate 2D placement of the device at the

location of the anterior cleft.

Video 2: Intraprocedural TEE with two-dimensional views

pre- and post-TEER with color Doppler. Midesophageal biplane

imaging of a long-axis (120�-155�) and bicommissural view

(55�-65�) with color Doppler (A) demonstrating severe left

AVV regurgitation originating at the site of the anterior cleft (Y)
and A2/A3 prolapse (V) with a posteromedially directed jet.

Similar views are shown (B) that demonstrate 2D placement of

the device at the site of regurgitation.

Video 3: Three-dimensional surgeon’s view of the left AVV

pre- and post-TEER without color Doppler. Pre-TEER imaging

(A) demonstrates anterior leaflet cleft (Y) with A2/A3 prolapse

(V). Post-TEER imaging (B) shows angulated positioning of the

device at the 2 and 8 o’clock positions (dashed arrows) with

adequate tissue bridge above and below the device.

Video 4: Three-dimensional surgeon’s view of the left AVV

pre- and post-TEER with color Doppler. Pre-TEER imaging (A)
demonstrates severe left AVVregurgitation originating at the site

of the anterior cleft and A2/A3 prolapse with a posteromedially

directed jet. Post-TEER imaging (B) shows angulated positioning

of the device at the 2 and 8 o’clock positions with significant

reduction in the degree of regurgitation.

Video 5: Three-dimensional surgeon’s view of the left AVV

with attempted TEER at the 6 and 12 o’clock positions (dashed

arrows) without (A) and with color Doppler (B) demonstrating

significant residual A2/A3 prolapse medial to the device (V) and

severe left AVV regurgitation.

Viewthevideocontentonlineatwww.cvcasejournal.com.
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the A2 scallop just medial to the cleft and capture of the lateral aspect
of the P2 scallop (panel B in Videos 1-4). This approach resulted in sig-
nificant reduction in left AVV regurgitation with estimated residual
mild-moderate regurgitation based on an effective regurgitant orifice
area of 0.33 cm2 and regurgitant volume of 44 mL. There was subse-
quently systolic dominant flow in all 4 pulmonary veins with no evi-
dence of flow reversal. The peak and mean transvalvular gradients
remained stable from baseline at 14 and 5 mm Hg, respectively
(Figure 2).
DISCUSSION

Isolated mitral clefts are a rare occurrence, but the presence of left
AVV or mitral valve clefts in patients with DS with AVSDs is well
described.14 Due to failure of endocardial cushion fusion, left AVV/
mitral valve deformities such as a cleft can be present and result in sig-
nificant valve regurgitation. It is estimated that 40% to 60% of patients
with DS will have a major congenital heart defect, representing a
notable patient population at risk for AVV issues with complex
anatomical considerations.4 Despite early surgical repair of AVSDs
in childhood, patients with DS can present later in life with significant
left AVV regurgitation. Minimally invasive surgical repair has been
described; however, many patients are prohibitive surgical risk due
to the presence of significant medical comorbidities and prior exten-
sive cardiac surgical histories.15 Data on percutaneous options for
treatment of these valvular conditions are limited and there is a crucial
unmet need for these data in the high-risk DS population.

The presence of a cleft leaflet poses unique challenges to deployment
of the TEER device, which relies on grasping the leading edges of the
leaflets to approximate and improve leaflet coaptation. Variousmethods
have been successfully employed, including an orthogonal 2-clip
approach; however, fewpublished reports in patientswithDSwith a his-
tory of AVSD exist.9-11 In this case, we demonstrate the successful use of
a singleTEERdevice to percutaneously repair a leftAVVcleft in a patient
with DS and prior surgical interventions for CAVC deemed to not be a
suitable surgical candidate due to extensive surgical history and comor-
bidities. The severe left AVV regurgitation resulting in significant symp-
toms and functional limitation was substantially reduced with TEER
with clear evidence of improvement by hemodynamic parameters.
Using an approach of angulating the device such that the A2 scallop
medial to the cleft was graspedwith lateral tension resulted inmore suc-
cessful reduction of regurgitation. This technique allowed a redundant
portion of the A2 scallop to essentially ‘‘cover’’ a portion of the cleft
with a resultant decrease in the regurgitant orifice area and allowed
for the most optimal result with a single clip. The elevated transvalvular
gradients ultimately precluded the use of a second clip.

CONCLUSION

Percutaneous repair in cases of mitral cleft has been described only
sparingly in the past. The population of patients withDSwith relatively
higher incidence of AVSDs and left AVV/mitral disease represents an
important population where this may prove to be an important tech-
nique. This case demonstrates the feasibility of achieving a successful
result with percutaneous repair in left AVV cleft with a single
MitraClip approach in this congenital heart disease population.
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Figure 2 Post-TEER intraprocedural TEE images. Midesophageal biplane imaging of a long-axis and bicommissural viewwithout and
with color Doppler demonstrating bileaflet capture with reduction to mild-moderate regurgitation (A, B), three-dimensional surgeon’s
view demonstrating angulated device positioning (dashed arrows) with tissue bridge and color Doppler (C, D), right upper pulmonary
vein subsequently with systolic dominant flow (E), and stable transvalvular inflow gradients following device release (F).

Figure 1 Baseline intraprocedural TEE images. Midesophageal biplane imaging of a long-axis and bicommissural view without and
with color Doppler (A, B), three-dimensional surgeon’s viewwithout and with color Doppler demonstrating severe regurgitation (C, D),
systolic flow reversal in the right upper pulmonary vein (E), and elevated transvalvular inflow gradients (F). Anterior leaflet cleft (Y) and
A2/A3 prolapse (V) are shown in 2D (A) and three-dimensional (C) imaging.
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SUPPLEMENTARY DATA

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.case.2022.09.008.
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