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Abstract

The soft nitinol KONAR-MF™ ventricular septal defect (VSD) Multifunctional Occluder
(MFO) device is increasingly used for transcatheter perimembranous ventricular septal defect
closure. We report for the first time a case of delayed complete atrioventricular block with
pacemaker implantation 20 months post-procedure. Through a systematic review, the overall
rate of persistent complete atrioventricular block was 0.6% with this device, but follow-up
duration was limited.

Case report

A 52-year-old man was referred for exertional dyspnoea. He had a history of untreated
restrictive perimembranous ventricular septal defect lost to follow-up and controlled systemic
hypertension. There was no reported familial history of sudden cardiac arrest or pacemaker.
Repeated transthoracic heart ultrasound scans showed an isolated left-to-right perimembranous
ventricular septal defect with evidence of left chamber overload. The Doppler velocity on the
left-to-right ventricular septal defect shunt was more than 5 m/s suggesting normal pulmonary
pressures.

Percutaneous ventricular septal closure was decided after informed consent of the patient.
Under transoesophageal echography guidance (Figure 1a, 1b) and using a retrograde approach
from the right femoral artery, the ventricular septal defect was closed, via a 6-French delivery
sheath, by a 10/8 KONAR-MF™ ventricular septal defect Multifunctional Occluder (MFO)
device (Lifetech Scientific, Shenzhen). TheMFO devicemeasured 4 mm long and was composed
of a truncated cone-shaped plug measuring 10 mm on its left side and 8mm on its right side, an
inflexible 14-mm left retention disk, and a flexible 14-mm right retention disk (Supplementary
Figure S1). After deployment, almost the entire device was inside the defect, the left disk being
slightly tilted into the left ventricular entry (Figure 1c). There was no valvular injury and only a
small residual shunt with a 2-mm-colour-doppler jet width, so the device was released
(Figure 1d). The fluoroscopy time was 10 minutes and 39 s, and 25 mL of contrast medium was
used for the unique initial angiography. There was no acute complication. Twenty-four hours
after the procedure, transthoracic ultrasound showed no residual shunt. The patient was
discharged 48 hours post-procedure. The repeated electrocardiograms before discharge, at 2
months, and 1 year post-procedure, were similar to the pre-procedural electrocardiogram
(Figure 2a).

Follow-up was uneventful until 18 months when the patient was admitted to the emergency
for vasovagal symptoms: the electrocardiogram was unchanged and the patient was discharged
home with no other investigation. The patient still complained of fatigue and was urgently
hospitalised 2 months later for another episode of fainting. The electrocardiogram showed a
complete atrioventricular block with severe bradycardia requiring isoprenaline (Figure 2b). An
epicardial dual-chamber pacemaker DDD was successfully implanted.

Systematic review and discussion

A comprehensive literature review was performed. The aim was to assess the overall rate of
complete atrioventricular blocks associated to the MFO device in perimembranous ventricular
septal defect closure (Supplementary Figure S2). All included studies were observational with no
control group, associated with a very high risk of bias (Supplementary Table S1).1 Overall, 494
patients underwent the closure of a perimembranous ventricular septal defect with the MFO
device. Three cases of persistent complete atrioventricular block were reported: 2 occurred early
and resolved with the surgical ablation of the device and 1 late (the present case), totalling a
complete atrioventricular block rate of 0.6%. Including transient cases, the overall rate of
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complete atrioventricular blocks was 1%. However, the rate of
complete atrioventricular blocks requiring pacemaker implanta-
tion was only 0.2% (one patient, the present case). These figures
were comparable to other transcatheter devices (1.1% and 0.5% for
the overall complete block rate and pacemaker implantation-
associated complete block rate respectively) but appeared lower
than asymmetric membranous devices (4% and 1.1%, respec-
tively),2 and lower than surgery (5% and 1%, respectively).3 These
differences in complete atrioventricular block rates were not
significant in the literature but more recent devices such as
the MFO had not been used.4

In the present systematic review, in 11 studies with available
data totalling 320 patients, only 5 studies totalling 240 patients
(75% of patients with available data, 48.6% of the whole cohort)
had a follow-up of at least 12 months. As other cases of delayed
complete atrioventricular block may not have been reported, a
longer follow-up is necessary to confirm the long-term safety of
the MFO device. Similarly, in the present review, the patients who
had a persistent complete atrioventricular block were aged 5, 26,
and 52 years. Nevertheless, most children undergoing this

procedure were younger than 10. Indeed, in the literature, older
age was associated with conduction disorders,5 as was age less
than 6 years with the Amplatzer ventricular septal defect
occluders.6 This may have been explained by a higher diameter
of the delivery sheath.7 Further studies in younger patients with
low-profile devices including the MFO are necessary.

It is unclear whether the complete atrioventricular block would
have been the natural history of the current case. Among risk
factors for conduction disturbances, pre-existing conduction
disorders have been reported, including a pre-existing complete
right bundle branch block and a longer QRS duration as in the
present case.5,8Moreover, the occluder size, the diameter difference
between the occluder and defect,7 and the perimembranous
ventricular septal defect localisation remote from the aortic valve
as in the current case9 were other suggested risk factors for
complete left bundle branch block. In the present case, the left disk
was tilted into the left ventricular entry: this may have increased
pressure onto the inferior rim where conduction tissue is usually
found. Yet no significant change in the device configuration was
seen over time (Supplementary Figures S3 and S4). In the

Figure 1. Initial long-axis transoesophageal ultrasound 2-dimension and colour Doppler views (a) and angiography (36°-left-anterior-oblique and 16°-cranial projection) (b), and
the corresponding ultrasound (c) and radiological projection (d) after device deployment for the perimembranous ventricular septal defect closure. Before closure (a and b), note
the aneurysm with the two right ventricular exits (blue arrows), and the 10-mm-length aortic rim (blue line). The entry on the left side measured 10 mm, and two exits on the right
side measured 6 and 4mm, respectively, the larger being superior and closer to the aortic valve. The depth of the aneurysm of the septal leaflet of the tricuspid valve from the left
ventricular entry was 22.5 mm. After closure (c and d), the left disk was tilted into the left ventricular entry (blue dotted line).
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literature, a longer operation time,10 per-procedural and early post-
procedural transient complete atrioventricular blocks 9,11 are other
reported risk factors. The present procedure was yet straightfor-
ward using the retrograde approach. Unfortunately, no recovery of
complete atrioventricular block occurring beyond 1-month post-

implantation has been reported and a permanent pacemaker
should be implanted.5

Post-procedural follow-up, including regular systematic elec-
trocardiograms, is necessary. The present patient complained of
vasovagal symptoms 2 months before diagnosis, possibly related to

Figure 2. Twelve-lead electrocardiogram on the day before the procedure of ventricular septal defect closure depicting complete right bundle branch block (QRS duration
160 ms) (a), and twelve-lead electrocardiogram 20 months after the procedure showing complete atrioventricular block (b).
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high-grade atrioventricular block episodes. In case of unusual
fatigue, fainting, or syncope, with a history of perimembranous
ventricular septal defect percutaneous closure, electrocardiogram
Holter monitoring should be realised and an implantable loop
recorder should be discussed. Eventually, persistent asymptomatic
post-procedural conduction disorders including right or left
bundle branch block may be as high as 10%,7 very rarely associated
with symptoms of heart failure. The incidence and the impact of
these anomalies have been poorly described with the MFO device
in the literature.

Conclusion

We report for the first time a case of late complete atrioventricular
block requiring pacemaker implantation after perimembranous
ventricular septal defect percutaneous closure with the MFO
device. Percutaneous closure should be avoided when a complete
right bundle branch block exists. Post-procedural follow-up is
mandatory with a low suspicion threshold for arrhythmia events in
older patients. The rate of complete atrioventricular block
requiring surgical ablation or pacemaker implantation is 0.6%
with theMFO device with amedian follow-up of 1 year. Long-term
follow-up is warranted.

Supplementary material. The supplementary material for this article can be
found at https://doi.org/10.1017/S1047951124026891.
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