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implantation in an adult with a double-outlet
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Atrioventricular valve regurgitation (AVVR) is present in up to 75% of Fontan patients, and it is associated with an increased risk of Fontan
circulation failure, morbidity, and mortality. Traditional treatment options include surgical repair vs. surgical replacement. We present, to
the best of our knowledge, one of the first cases of successful trans-catheter repair of severe common AVVR using the MitraClip device.

A 20-year-old male with a history of double-outlet right ventricle (DORV) with unbalanced common atrioventricular canal to the
right ventricle, severely hypoplastic left ventricle, and total anomalous pulmonary venous return status post-Fontan procedure pre-
sented with progressively worsening dyspnoea on exertion. Transoesophageal echocardiogram demonstrated severe common
AVVR. After discussion of the case during the adult congenital heart disease multidisciplinary conference, patient underwent suc-
cessful placement of two MitraClip devices, reducing the regurgitation from torrential to moderate.

MitraClip therapy can be used to alleviate symptoms in patients deemed as high risk for surgery. However, careful attention must be
paid to haemodynamics before and after clip placement, which may predict short-term clinical outcomes.

Common atrioventricular valve regurgitation e Fontan palliation e MitraClip ® Case report

9.7 Adult congenital heart disease ® 4.9 Multivalvular disease ® 2.2 Echocardiography e 6.1 Symptoms and signs of heart
failure ® 7.1 Haemodynamic instability

e Atrioventricular valve regurgitation is common in patients with Fontan circulation, and it can result in detrimental haemodynamic conse-
quences, requiring timely intervention.

o Catheter-based leaflet repair techniques using devices such as the MitraClip can be a feasible strategy to address atrioventricular valve re-
gurgitation in selected cases.

o Once the atrioventricular valve regurgitation is successfully treated with a trans-catheter device, the Fontan baffle puncture—site leak should
be cautiously and meticulously assessed to ensure haemodynamics, including blood pressure and oxygen saturation, are stable, and systemic
ventricle function is adequate.
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Atrioventricular valve regurgitation (AVVR) is a common long-term
complication in adult patients with Fontan palliation and represents a
poor prognostic factor with an increased risk of Fontan circulation fail-
ure, morbidity, and mortality." Traditionally, treatment options were
limited to surgical repair or replacement in low-risk patients vs. heart
transplantation in high-risk patients. We present, to the best of our
knowledge, one of the first cases of successful trans-catheter repair
of severe common AVVR using the MitraClip device and the associated
haemodynamic consequences.

Infancy  Patient was born with a double-outlet right ventricle (DORV)
associated with an unbalanced common atrioventricular
canal, severely hypoplastic left ventricle, and total anomalous
pulmonary venous return (TAPVR). He subsequently
underwent pulmonary artery banding, left-sided bidirectional
Glenn procedure, and TAPVR repair.

Age 5  Patient underwent right-sided pericardial extracardiac lateral

tunnel Fontan completion.

Day 1 A 20-year-old male presented to our adult congenital heart
disease (ACHD) centre with progressively worsening
dyspnoea on exertion. Transoesophageal echocardiogram
(TEE) demonstrated a common atrioventricular valve with
annular dilatation and severe regurgitation, a severely
enlarged common atrium, and a systemic (right) ventricular

ejection fraction of 20%.

Day 2  Patient’s case was discussed during the ACHD multidisciplinary
conference.

Day 3 Patient underwent successful placement of two MitraClip
devices, reducing the severity of AVVR from torrential to
moderate.

Day 4  Patient was discharged home.

Day 10  Patient was readmitted for worsening dyspnoea. Following

consultation with the ACHD team, patient was urgently taken
to the cardiac catheterization laboratory for trans-catheter
closure of the Fontan baffle puncture—site leak. However,
patient coded following intubation, and he passed away

shortly after.

Case presentation

A 20-year-old male with a history of heterotaxy syndrome, dextrocar-
dia, systolic ventricular failure of the systemic ventricle due to DORV
associated with an unbalanced common atrioventricular canal, severely
hypoplastic left ventricle, and TAPVR presented to our ACHD centre
with progressively worsening fatigue and worsening dyspnoea. Of note,
he underwent pulmonary artery banding in the 1st month of life fol-
lowed by left-sided bidirectional Glenn procedure and TAPVR repair
at 8 months of age and ultimately right-sided pericardial extracardiac
lateral tunnel Fontan completion at 5 years of age. Other relevant his-
tory include elevated Fontan pressures, Fontan-associated liver disease,
chronic hypoxic respiratory failure, mild-to-moderate intellectual
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disability, cleft lip and palate status post repair, bilateral conductive
hearing loss, asplenia, and obesity.

Vital signs were notable for blood pressure 90—-100/60—70 mmHg
and SpO, 80-90% on room air. Physical examination was notable for
a 3/6 holosystolic murmur not only heard loudest at the right upper
sternal border but also heard all over the precordium and the back.
Home medications were notable for aspirin 81 mg, carvedilol 25 mg,
chlorothiazide 500 mg, enalapril 10 mg, furosemide 40 mg, sildenafil
20 mg, and spironolactone 25 mg.

Initial evaluation, including transthoracic echocardiogram (T TE) and TEE,
demonstrated a common AV valve with annular dilatation and severe regur-
gitation, a severely enlarged common atrium, and a systemic (right) ventricu-
lar ejection fraction of 20%. The AVV leaflets were thickened, with dominant
anterior and posterior bridging leaflets and smaller dysplastic leaflets in the
medial and lateral commissures (Figure 1A and B and Supplementary
material online, Videos ST and S2). These leaflets demonstrated excessive
mobility and prolapsed into the atrium, resulting in a wide and torrential
medioposterior-directed regurgitant jet involving most of the valve and
reaching the pulmonary vein inflows. Of note, the Nyquist limit setting on
the echocardiogram was 60 cm/s and there were large V-waves.

After a multidisciplinary discussion, surgical repair of the common
AVV was deemed high risk due to underlying severely reduced single ven-
tricular systolic function and associated cirrhosis. Similarly, heart trans-
plantation was deemed very high risk in the setting of a poor social
support system exacerbated by intellectual disability of the patient. A de-
cision was therefore made to proceed with trans-catheter repair of the
common AVV using the MitraClip system (Abbott Cardiovascular,
Plymouth, MN, USA). Computed tomography angiography of the chest
was obtained for preoperative evaluation (Figure 2).

Baseline haemodynamics during cardiac catheterization revealed
moderately elevated Fontan pressures of 18 mmHg, mildly elevated
pulmonary capillary wedge pressure of 13 mmHg, and pulmonary vas-
cular resistance of 1.5 Wood units. Baseline systemic oxygen saturation
was 87% in the setting of multiple veno-venous collaterals.

After successfully accessing the right and left femoral veins with 8 Fr
sheaths and right femoral artery with a 5 Fr sheath and induction of general
anaesthesia using a combination of propofol and midazolam, trans-baffle
puncture of the Fontan tunnel was performed with fluoroscopy and
TEE guidance. Considering underlying dextrocardia and the orientation
of the AVV, the puncture was directed counterclockwise and positioned
just above the mid-point of the valve on fluoroscopy. Under TEE guidance,
the tenting was positioned such that the guide sheath entered the common
atrium horizontally and levelled with the centre of the AV valve. A 0.035”
Confida wire was advanced across the baffle and used to facilitate the de-
livery of a 22 Fr steerable guide catheter and dilator into the atrium.
Complicating considerations included the presence of an intra-atrial
web, a remnant of the intra-atrial septum, and a left-sided Fontan baffle
(Figure 3). Additionally, the delivery system needed to be mis-keyed at
180° and the sheath had to be inverted so that it flexed to the patient’s
right due to the dextrocardia. As the atria and systemic ventricle were hori-
zontal, the system did not require much flexing of the guide catheter. Once
a puncture was successfully made, an XTWV clip was prepared in the usual
manner and introduced via the catheter on the clip delivery system. Once
in position above the valve and using the en-face view, the orientation of the
clip was rotated to intersect the largest of the regurgitation jets. After a
couple of attempts and gauging the clip movement in this anatomy, the leaf-
lets were successfully grasped and anchored. This reduced the regurgita-
tion from torrential to severe. A second XTW clip was prepared and
advanced close to and slightly lateral to the first clip to better address
the valve regurgitation and anchor the first XTWV clip given the high mobil-
ity of the leaflets (Figures 17C and D and 4 and Supplementary material
online, Videos S3 and S4). This further reduced the regurgitation from se-
vere to moderate. After successful delivery of the clips, Fontan baffle punc-
ture—site closure was considered. However, evaluation with angiography
and TEE revealed minimal right-to-left shunting by colour flow, and the
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Transoesophageal echocardiogram demonstrating (A) an enlarged common atrium, (B) a deformed common atrioventricular valve asso-
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Computed tomography angiography of the chest approximating the Fontan baffle puncture site (black arrow). AV = atrioventricular.



P. Kumar et al.

BIPLANE AJRAGW

Pulmonary
B

Artery

Inferior Vena Cava
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Figure 4 Fluoroscopic image showing the positions of the two
MitraClip XTW.

patient maintained stable systemic oxygen saturations at 87%, so it was not
performed. Of note, the systemic ventricular ejection fraction remained
unchanged at 20%. The patient was discharged home in stable condition.

Six days later, the patient was readmitted for worsening dyspnoea and sys-
temic oxygen desaturations. Chest radiography was negative. Transthoracic
echocardiography (TTE) revealed worsening right-to-left shunting through
the Fontan baffle puncture site by colour flow and saline contrast study.
This was postulated to be due to a decrease in common atrium pressure
post successful MitraClip placement, while the Fontan pressure remained
constant and elevated. Imaging showed the common atrium had shrunk in
size since the MitraClip procedure. A decision was made to close the

Fontan baffle puncture site. Unfortunately, induction of anaesthesia was com-
plicated by worsening hypoxemia and cardiac arrest with unsuccessful cardio-
pulmonary resuscitation.

Discussion

This case report demonstrates that the MitraClip device can be used to
successfully treat severe common AVVR in patients with underlying
complex congenital heart disease, describes relevant anatomic consid-
erations when seeking such an approach, and highlights the haemo-
dynamic sequelae of the procedure.

Since all patients with Fontan circulation have chronic heart failure,
they are often managed similarly to non-Fontan patients with heart fail-
ure. However, given the risk of precipitating a low-output state, initi-
ation, and continuation of treatments should be performed with
caution and take into account haemodynamic consequences. The heart
failure can be worsened by several conditions, including, but not limited
to, worsening systemic ventricular function and AVVR. These circum-
stances yield an elevated common atrial filling pressure, thereby reducing
the preload and cardiac index and raising the pulmonary artery pressure,
which reflects on the Fontan pressures. In addition, Fontan pressures can
also be elevated due to pulmonary vascular changes. For instance, in our
patient, after the severe common AVVR was repaired, the common at-
rial pressure dropped, worsening the right-to-left shunt through the
Fontan puncture site, giving rise to hypoxemia.

Patients with congenital heart disease often undergo muiltiple intri-
cate surgeries to have their complex haemodynamic derangements
corrected, increasing the risk for poor outcomes with any further pro-
cedure. Percutaneous management can significantly reduce this risk.
Furthermore, in cases where the operative risk is particularly high,
such as in the one presented here, treatment options are limited, and
temporizing the patient’s condition with a less risky technique can delay
the need for further surgical intervention.

Blusztein et al.” and Guerin et al.® recently showed that the MitraClip
device can be used to treat severe systemic tricuspid regurgitation (TR)
in patients with complex congenital heart disease. Our case report s, to
the best of our knowledge, one of the first to report the utilization of
the MitraClip device to treat severe common AVVR.

Five main types of AVVR exist are as follows: primary TR, secondary TR,
primary mitral regurgitation (MR), secondary MR, and common AVVR.
Primary TR and MR occur due to structural abnormalities of the valve ap-
paratus, whereas secondary TR and MR occur secondary to ventricular and
annular dilation. Common AVVR,; seen in patients with a common AVV,
occurs secondary to valve dysplasia, leaflet prolapse, and tethering.*

Unrepaired moderate-to-severe AVVR has been shown to worsen
outcomes in patients who underwent any form of Fontan surgery in
the past.> Consequently, treatment of severe AVVR is often promptly
sought. Options for treating common AVVR are primarily surgical, and
they include repair, closure, and replacement. However, literature re-
garding non-surgical management of severe common AVVR is scarce.

MitraClip, a trans-catheter leaflet edge to edge repair device which
reduces mitral valve regurgitation by approximating the anterior and
posterior leaflets, has been shown to be safe and effective in patients
with primary and secondary MR.¢

Although treatment of common AVVR with MitraClip is technically
challenging, it is feasible, especially with a good understanding of the anat-
omy, giving physicians a novel non-invasive option for treating this type of
valvular disease. The specific access and device approach should be custo-
mized to the anatomy of the patient. In our patient, the MitraClip XTW
was chosen over MitraClip NTR given the large orifice, flail and redundant
tissue, and multi-faceted morphology of the AV valve. XTW clips, com-
pared with NTR clips, are 50% wider at 6 mm and 33% longer at
12 mm, allowing more tissue to be captured and adding fixation to the an-
choring, which in turn improves the likelihood of stabilization.
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Furthermore, careful considerations to the haemodynamics of the Fontan
baffle puncture—site closure at the time of MitralClip placement and of the
common atrium and Fontan pressures post-procedure should be made. In
our patient, a bubble study following MitraClip placement as a means of
identifying any Fontan leak at an early stage could have been considered.
However, in retrospect, we noticed colour flow across the Fontan leak,
so we did not think a bubble study would have added significant informa-
tion. We believe that the patient’s haemodynamics, over time, progressive-
ly changed with the drop in atrial pressures. Similar to atrial septal defect
(ASDs), a bubble study, compared with colour flow and haemodynamic as-
sessment, is less of an indicator of a shunt. On a similar note, based on the
presence of a significant right-to-left shunt at rest that was noted during our
patient’s second presentation, we could have considered closing the Fontan
baffle puncture site using intra-cardiac echocardiogram under local anaes-
thesia, thereby avoiding general anaesthesia and the precarious haemo-
dynamic changes. Lastly, these patients should be followed by a physician
or team familiar with ACHD management in the outpatient setting.

Conclusions

Reduction of severe common AVVR in Fontan patients is technically feasible
with trans-catheter MitraClip therapy. Close evaluation of haemodynamics
before and after clip placement is necessary to determine volume and shunt
changes, which may predict short-term clinical outcomes.
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