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Abstract

Background: Transcatheter ventricular septal defect closure remains a complex procedure with
potential complications like complete heart block and aortic regurgitation. The ideal device
design for such intervention is still evolving. Aim: To assess the safety, efficacy, and short-term
outcome of ventricular septal defect closure using LifeTech™ multifunctional (KONAR-
MF™) VSD Occluder. Patients and methods: In a multicenre study, 44 patients with haemo-
dynamically significant, restrictive ventricular septal defects underwent closure with the
KONAR-MF™ device from April, 2019 to March, 2020. Clinical, echocardiographic, and
angiographic data were collected and reviewed. Patients were followed up at 1, 3, 6, and 12
months. Results: The median age and weight were 8 (1.7-36) years and 20 (11-79) kg. Of
44 patients, 8 (18%) had a high muscular and 36 (82%) had a perimembranous defect, of which
6 had mild prolapse of the right coronary cusp. The median ventricular septal defect size was 8.8
(3.9-13.4) mm. A retrograde approach was adopted in 39 (88.6%) patients. Nine patients
(20.5%) had a small residual leak and there was a slight increase in aortic regurgitation in
one patient. One device, which embolised to pulmonary artery was retrieved, and the defect
was closed with a larger device. At a median follow-up of 13 (5-18) months, the residual leak
persisted in 1 (2.3%) patient. Mild aortic regurgitation in one patient remained unchanged.
There were no major complications. Conclusion: Percutaneous closure of ventricular septal
defect using KONAR-MF™ device is safe and effective in short and midterm follow-up includ-
ing selected patients with perimembranous defect and mild prolapse of the right coronary cusp.

Ventricular septal defect is the most common congenital cardiac defect accounting for more
than 20% of all CHDs (median incidence of 2829 per 1 million live births).! Since the first report
by Lock et al?, transcatheter closure of ventricular septal defect has been attempted by a large
number of different devices. Initially, these were mostly double-disc devices and required septal
rims and an adequate-sized aortic rim, hence were not suitable for most perimembranous
defects.>™ Amplatzer asymmetrical membranous VSD device (St Jude Medical, St Paul, MN,
USA) was specifically designed for perimembranous defects and was used extensively with
mostly good results.>"'2 There was, however, an unacceptable risk of complete heart block,
essentially abandoning its use.*”!*> Nit-Occlud® Lé¢ VSD-Coil (PFM Medical AG, Cologne,
Germany)'®!” and other Amplatzer family devices (AMVSD, ADO, ADOII, AVPII,
pmVS02)'¥-22 are currently being used with acceptable results. The devices of other manufac-
tures (Cera VSD devices; LifeTech, Shenzhen, China, Occlutech muscular and membranous
VSD Occluder; Helsingborg, Sweden, LEPU Medical Technology Co. Ltd, Beijing, China,
and Shanghai pmVSD Occluder; Shape Memory Alloy Ltd, Shanghai, China) are also widely
in use outside the USA.!>?*-2% The anatomical variations, proximity to aortic and tricuspid valve,
prolapse of right coronary cusp, and risk of complete heart block makes perimembranous VSD
closure a complex interventional procedure and the perfect device is yet to be found.
LifeTech™ multifunctional Occluder (Konar-MF VSD Occluder) is soft, flexible, CE
approved, and offers a hybrid design between single and double-disc devices, designed to con-
form to ventricular septal defect.?® It can be delivered through a small sheath, can be screwed
together at both sides which allows it to be placed in antegrade or retrograde way. In addition to
that, its slim cable and flexible waist are expected to minimise damage to adjacent structures and
reduce complications like complete heart block. At the moment, however, there is very limited
data available on the outcome, efficacy, and safety of this device.?~2® The subgroup of patients
with perimembranous outlet ventricular septal defect and right coronary cusp prolapse with
none or trace to mild aortic regurgitation is potentially another indication for use of this device.
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This is a non-randomised clinical follow-up study to evaluate the
feasibility and safety of LifeTech™ Konar-MF VSD Occluder used
for patients with haemodynamicaly significant restrictive ventricu-
lar septal defect.

All consecutive patients undergoing ventricular septal defect clo-
sure with the Konar-MFO device were prospectively enrolled at
all participating institutions, from April, 2019 to March, 2020
and followed up until September, 2020. Written informed consent
was taken and the study protocol was reviewed and approved by
the institutional review boards of all participating hospitals.

Pre-procedural data included patient demographics, baseline clini-
cal characteristics, 12-lead electrocardiogram, a chest X-ray, and
transthoracic echocardiography. The operator who was also the
main interventionist in all the procedures performed transthoracic
echocardiography at all centres. A detailed haemodynamic and
defect morphological assessment was done.

The procedural details included procedure time, fluoroscopy
time, mean pulmonary artery pressure, pulmonary-to-systemic
blood flow ratio, angiographic, and transesophageal echocardio-
graphic defect size, the size of the devices used during the pro-
cedure, complications, and aborted or failed implantations.
Post-procedural follow-up data about rhythm disturbances, echo-
cardiographic device position, residual leaks, and AV valve insuf-
ficiency (aortic and tricuspid valves) was collected. The data were
recorded at the institutional level and then collated and analysed at
The Children’s Hospital Lahore.

Patients with a clinically relevant and haemodynamically signifi-
cant ventricular septal defect were included. The significance
was defined by the presence of LV volume overload. In the case
of a perimembranous ventricular septal defect, the defect diameter
(by two-dimensional echocardiography) of <10mm with an
adequate sub-aortic rim (distance between the upper margin of
the defect and the aortic valve > 2.0 mm) was included. Patients
with perimembranous ventricular septal defect and right coronary
cusp prolapse were included only if the prolapse was mild, aortic
regurgitation was mild or trivial, and an aneurysm was present for
placement of the left ventricular disc of the device below the mildly
prolapsed cusp.

The following patients were excluded from the study: (a) perimem-
branous ventricular septal defect with more than mild aortic valve
regurgitation; (b) sub-aortic rim < 2 mm except in patients with an
aneurysm or prolapse of right coronary cusp; (c) severe pulmonary
artery hypertension; (d) presence of any other associated CHDs
requiring cardiac surgery; (e) age <12 months or bodyweight
<8kg in view of vascular safety; (f) patients opting for surgery;
or (g) not giving informed written consent for the procedure.
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The Konar-MF VSD Occluder is a soft woven mesh low-profile
device made from 144 threads of 0.002-inch Nitinol wires.?
This self-expanding device is a hybrid design with two discs
joined by an articulated and expanding cone-shaped connecting
waist. The device is delivered with SteerEase™ introducer
(LifeTech, Shenzhen, China) with sheath sizes ranging from
5F to 7F. There are eight available sizes of the device, the waist
of the four large models is securely sewn with polytetrafluoro-
ethylene membrane using Nylon threads in order to increase its
occlusion capacity, while the four smaller models have no mem-
brane inside.?6-28

In perimembranous ventricular septal defect, the aim was to
completely occlude the left ventricle entry when sub-aortic rim
length was adequate. In patients with deficient sub-aortic rim,
the devices were chosen based on the diameter of the left retention
disc with a preference for even sizes, whereas in those with suffi-
cient sub-aortic rim, D2 guided the device selection. In defects with
deep aneurysm, the device was slightly oversized (right ventricular
side of the defect + 2mm), but if the device’s left ventricular disc
(including rims) exceeded the size of the aneurysm, device size
was decreased to the same size or +1 mm of the right ventricular
disc. For muscular defects, the defect size 42 (right ventricle disc
size) was usually enough.

The procedure was performed under general anaesthesia in all
patients. Transesophageal echocardiography was performed to
reassess the defect size (left ventricle entry diameter and number
and diameters of the right ventricle exit(s)), defect morphology,
position, and the relationship and morphology of surrounding
structures like aortic valve and tricuspid valve. Left ventriculogra-
phy at 55-65° left anterior oblique and 20-30° cranial projections
were used to profile the defect.

The decision of using the antegrade or retrograde approach was
primarily based on the size and weight of the child and then on the
sheath required from the arterial approach as per VSD size. If the
VSD aneurysm is large and extends towards the tricuspid valve, a
retrograde approach is preferred to be antegrade as the distance of
the device to the tricuspid valve is increased. The arterial approach
helped in reducing procedure time and cumulative radiation.

The procedures were performed as per standard guidelines
either with retrograde or antegrade approach for perimembranous
(Fig 1a-d) and high muscular defects (Fig 2a-f). Left ventriculo-
gram and transesophageal echocardiography were performed
before the release to confirm proper device position (Fig 2g-h).
Post-procedure transesophageal echocardiography and left ventri-
culogram were performed in all cases to confirm results.
Additional aortogram was performed in selected patients to check
any aortic insufficiency.

Follow-up evaluation was done at 1, 3, 6, and 12 months’ post-pro-
cedure. Physical examination, transthoracic echocardiography,
electrocardiogram, and chest X-ray (if needed) were performed.
Holter monitoring (24-hour) was performed only when judged
clinically indicated. Aspirin 5mg/kg per day was administered
for 6 months in all patients.
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Figure 1. Device closure of a perimembranous defect using retro-
grade approach. (a) Left ventriculogram showing membranous septal
defect. (b) Delivery sheath passed across VSD into RV. (c¢) RV end of
device being released in RV, while LV end still attached to delivery
cable within delivery sheath. (d) Final position of device after deploy-
ment completely occluding the defect.

Figure 2. Device closure of a high muscular defect using retrograde approach. (a) Left ventriculogram showing high muscular VSD. (b) LV outflow angiogram showing high
muscular VSD. (c) Crossed through retrograde approach with glide wire and engaged in main pulmonary artery. (d) Device's RV disc released in RV. (e) LV disc released in
LV. (f) Final position checked prior to release. (g) Final result confirmed on LAO 45° projection ventriculogram. (h) Final result confirmed on LAO 60° projection ventriculogram.

range depending on the distributional assumption for continuous
variables using Shapiro-Wilk test. Comparison between groups
was assessed using chi-squared or Student’s t-test considering
p < 0.05 as significant.

Descriptive statistics of demographic and clinical characteristics
are presented as frequency and percentage for categorical variables,
and mean and standard deviation or median and interquartile
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Table 1. Demographic characteristics and pre-procedural details of patients.

Demographics Median (range)

Age (months) 96 (19-432)
Weight (kg) 20 (11-79)
Height (cm) 119 (88-176)
Body surface area (BSA kg/m?) 0.8 (0.52-1.9)
Male-to-female ratio (M:F ratio) 1:1.2
Pre-procedure details: (transthoracic n/N (%)
echocardiography; n = 44):

VSD type: Perimembranous 36/44 (81.8)

Muscular 08/44 (18.2)

RV end openings: Single 42/44 (95.5)

VSD dynamics Median (range)

VSD LV end (mm) 6 (4-13)

VSD RV end (mm) 4 (3-8)

VSD-to-aortic annulus ratio 0.31 (0.18-0.67)

Trans-VSD gradient (mmHg) 56 (55-78)
Trans-tricuspid valve regurgitation 25 (16-32)
gradient (mmHg)

Trans-pulmonic valve regurgitation 08 (06-12)

gradient (mmHg)

LV end-diastolic dimension (mm) with z 44 (+2.172)[35(+1.482)-

score (z) 63(+6.022)]
Associated findings n/N (%)
Mitral valve regurgitation: Annular 3/44 (6.8)

dilatation

Tricuspid aneurysmal tissue formation 20/44 (45.5)

Tricuspid valve regurgitation (all trace 10/44 (22.8)

to mild)

Mild/partial right coronary cusp pro- 6/44 (13.6)
lapse

Complete prolapse of right coronary 0/44 (0)
cusp

Aortic regurgitation: (trivial to mild) 02/44 (4.5)

LV = Left ventricle; RV = Right ventricle; VSD = Ventricular septal defect

Forty-four patients were enrolled in this multicentre study. The
demographic details and pre-procedural echocardiographic details
are given in Table 1. None of these patients had symptoms of heart
failure, 12 (27.2%) had a recurrent respiratory infection, 15 (34.1%)
failed to thrive, and the remaining were clinically asymptomatic.
There was no significant difference between types of ventricular
septal defect in either gender (p = 0.71). At the time of interven-
tion, all patients had sinus rhythm except one with first-degree
heart block. All the ventricular septal defects had restrictive physi-
ology with left ventricular volume overload and no or mild pulmo-
nary hypertension. The median cardiothoracic ratio on the chest
radiograph was 0.53 (range 0.41-0.67).

The procedural details are shown in Table 2. An arterial (retro-
grade) approach was adopted in 39 patients (88.6%). Immediately
after device release, 16 patients (36.4%) showed some foaming
through the device while 9 patients (20.5%) had a small residual
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leak. The median hospital stay was 2 days (range 1-4 days). Six
(13%) patients with perimembranous outlet ventricular septal
defect and mild prolapse of the right coronary cusp also underwent
device closure successfully. One patient with trace to mild aortic
regurgitation had slightly increased (but still mild) aortic regurgi-
tation and no progression was detected at follow-up.

Most of the adverse events were minor complications (11.4%).
Three patients (7%) required device recapture and readjustment
before final release while 2 patients (4.5%) required reloading a
larger device. Major complications occurred in 2 (4.5%) patients.
One device embolised to the pulmonary artery, which was success-
fully retrieved percutaneously and the ventricular septal defect was
closed with a larger device. There was no late embolisation. One
patient with perimembranous ventricular septal defect and mild
prolapse of right coronary cusp had a slight increase in aortic
regurgitation, which remained mild and unchanged till the latest
follow-up. Two patients had a slight increase in tricuspid regurgi-
tation. There were no deaths, disabilities, or any other major com-
plications such as complete heart block (Table 3).

Median follow-up was 13 months (range 5-18 months) with 97.7
% follow-up rate, (one patient lost to follow-up). The left ventricu-
lar diastolic dimension dropped from median +2.17 z score (range
+0.48-46.02z) to +0.87 z score (range —0.61 — +3.23z) at 3
months and +0.1 z score (range —1.9 - +1.37z) at final follow-
up. The rate of improvement in left ventricular diastolic dimension
was fastest in the first 3 months (median 10.1%, range 0-20.83 %)
while median fall in left ventricular diastolic dimension at the final
follow-up was 15.8% (range 5.9-25%) Figure 3.

At 3 months’ follow-up, residual leak persisted in 6 patients
(13.6%). After 6 months, only 3 patients (6.3%) had a small residual
leak. At the final follow-up (5-18 months), only 1 patient (2.3%)
had a minimal residual leak with no patients showing any increase
in aortic regurgitation. Mild neo-tricuspid regurgitation was per-
sisted in one patient. No right ventricular or left ventricular out-
flow tract obstruction was noted (Table 4).

A follow-up transthoracic echocardiography in a patient with
ventricular septal defect and mild prolapse of RCC closed with a
10/8 MFO device (Fig 4) clearly shows that the device did not dis-
tort the mildly prolapsed cusp, and no progression of aortic regur-
gitation after 12 months was seen.

Ventricular septal defect is the commonest of all CHDs and there
has always been a lot of enthusiasm for device closure of the ven-
tricular septal defect. The initial devices used for ventricular septal
defect closure were not specifically designed for this purpose.
Rashkind’s double umbrella device was designed for the closure
of PDA and the Lock Clamshell device was designed for closure
of ASD.?* Detachable coils used for vessel embolisation was used
for VSD closure.’ Sideris buttoned device was again designed for
ASD and PDA occlusion.* Knauth AL and colleagues reported
upon successive generations of the STARFlex® and CardioSEAL®
devices (NMT Medical, Inc., Boston, Massachusetts, USA) for
VSD closure.” These devices were cumbersome to use with large
delivery sheaths, inability to recapture and reposition, structural
failure, interference with the aortic valve and tricuspid valve,
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Table 2. Procedural details. Table 3. Complications.
Procedural details Median (range) Complications n/N (%)
Procedure time (min) 75 (30-120) Major
Fluoroscopy time (min) 13 (6-37) Device embolisation 1/44 (2.3)
Kar (cumulative air kerma; mGy) 171 (31-692) Slight increase in aortic regurgitation 1/44 (2.3)
Angiography data; (n =44) n/N (%) Minor
RV end openings: Single 40/44 (90.9%) Device recapture and redeployment 3/44 (6.8)
Haemodynamic data; (n = 44) Reloading a larger device 2/44 (4.5)
Pulmonary artery mean pressure (mm Hg mean + SD) 23+9.8 Immediate small residual VSD 9/44 (20.5)
Qp/Qs ratio 1.8+0.6 Slight increase in tricuspid valve regurgitation 2/44 (4.6)
VSD dynamics Median (range) Mild new RV outflow tract turbulence but no gradient 1/44 (2.3)
VSD LV end (mm) 8 (4-134) Rhythm disturbance 0/44 (0)
VSD RV end (mm) 4.6 (2-8) Local complication (bleeding, haematoma, absent 0/44 (0)
Aortic rim (mm) 6 (2-39) _—
Procedural details (n/N, %) RV = Right ventricle, VSD = Ventricular septal defect

» Retrograde approach for device deployment 39/44 (88.6%)

« Device size used

14-12 7/44 (15.9%)
12-10 6/44 (13.6%)
10-8 8/44 (18.2%)
9-7 4/44 (9.1%)
8-6 16/44 (36.4%)
7-5 1/44 (2.3%)
6-4 2/44 (4.6%)

« PTFE membrane devices

With PTFE membrane 25/44 (56.8%)

Without PTFE membrane 19/44 (43.2%)

LV = Left ventricle; Qp = Pulmonary blood flow; Qs = Systemic blood flow;
PTFE = Polytetrafluoroethylene; RV = Right ventricle; VSD = Ventricular septal defect

and a high rate of dislodgement, embolisation, and residual shunt-
ing. >

The first device designed for perimembranous ventricular sep-
tal defect closure was the Amplatzer asymmetrical membranous
VSD device (AGA Medical Corporation, MN, USA) in which
the aortic end of the left ventricular disc is short (0.5 mm).5"12
However, anatomic proximity to the cardiac conduction system
and high radial stress and clamp force led to an increased risk
of a complete atrioventricular block (5-22%) essentially aban-
doning its use.®'® The Nit-Occlud® VSD device (pfm -
Produkte fiir die Medizin AG, Kéln, Germany) was also developed
for dedicated ventricular septal closure (aneurysmatic perimem-
branous and muscular).!® No permanent heart block has been
reported so far although severe tricuspid regurgitation needing
surgery has been reported in 2.3% of patients.!” The other
Amplatzer family devices (AMVSD Occluder, ADOI, ADOII,
AVPIL; Abbott Medical, Plymouth, MN, United States of
America) are now considered for off-label use and have shown
results comparable to surgery.’®2! A new Amplatzer device
(Amplatzer Membranous VSD Occluder 2, AGA Medical
Corporation, St Jude, MN, USA) was designed to prevent conduc-
tion abnormalities and favourable results were reported in the
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Figure 3. Gradual normalisation of LV diastolic dimensions in 18 months’ follow-up.

initial experience, but no follow-up data are available.?? The devi-
ces of other manufactures are also being used worldwide most
commonly from China and the rest of Asia.'>?3~%

LifeTech™ Konar-MF VSD Occluder is a new device specifi-
cally designed for VSD closure, which is soft and flexible, can be
delivered both ante and retrograde and offers a hybrid design
between single and double-disc devices.?*~2® The initial experience
is encouraging and our experience adds to the currently limited
literature available on the initial and early results including patients
with mild right coronary cusp prolapse with no or trace to mild
aortic regurgitation.

Our data are important for various reasons. First, it includes the
short-term follow-up of over a year. There was no incidence of
complete heart block, no late embolisation, and no new onset of
aortic or tricuspid regurgitation. The device embolisation occurred
in only one patient during the procedure needing a larger device.
The design of the device is such that either end can be snared and
the softness allows it to be easily pulled into the same sheath size,
which is used to deliver the device.
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Table 4. Follow-up data.

Follow-up Median (range)
Hospital stay (days) 2 (1-5)
Follow-up duration (months) 13 (5-18)
Final follow-up (up to 18 months) n/N (%)
Residual shunt (residual VSD) 1/44 (2.3)
Persistent mild neo-tricuspid regurgitation 1/44 (2.3)
Persistent mild aortic regurgitation 1/44 (2.3)
Progression in RVOT obstruction 0/1 (0)
LVOT obstruction 0/0(0)
Complete heart block 0/44 (0)
Need for re-intervention/surgery 0/44 (0)
Sudden death 0/44 (0)

LVOT = Left ventricular outflow tract obstruction; RVOT = Right ventricular outflow tract
obstruction; VSD = Ventricular septal defect

Figure 4. Echocardiographic picture of pmVSD with RCC prolapse at follow- up. (a)
Parasternal long axis 2D. (b) Parasternal long axis with color Doppler. (c) Parasternal
short axis 2D. (d) Parasternal short axis with color Doppler. (e) Parasternal short axis
with 3D showing device in situ, no residual defect and no aortic insufficiency.

Second, the incidence of prolapse of the right coronary cusp
associated with perimembranous outlet ventricular septal defect
is high in our population.’? We decided to close these defects if
patients had a perimembranous ventricular septal defect with mild
right coronary cusp prolapse and aneurysm on the right ventricu-
lar end of the ventricular septal defect. In these cases, the conven-
tional double-disc device may cause further complications in
particular acute severe aortic regurgitation or progression of aortic
regurgitation with time.** The implantation of MFO Occluder was
convenient in perimembranous ventricular septal defect with
aneurysm because the retention disc can be put entirely within
the aneurysm and the cylindrical portion of the device secures itself
in an opening of the aneurysm on the right ventricular side with
right ventricle disc ensuring complete closure. Therefore, the
device stayed under the aortic valve cusp preventing any further
progression of the prolapsing leaflet, hence preventing progression
of aortic regurgitation. Proper patient selection is the most impor-
tant factor for procedural success in these cases. As there is no
aortic rim, the measurement of the actual ventricular septal defect
size is a challenge. We measured the ventricular septal defect size
from the crest of the interventricular septum to the aortic valve
annulus. Hence for successful ventricular septal defect device clo-
sure in these patients, pre-intervention profiling of ventricular
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septal defect by transthoracic and transesophageal echocardiogra-
phy (0-180° profiling) as well as intraoperative profiling during left
ventricular angiography are crucial.

The procedural success (100%) and immediate closure rates
(79.5%) were high in our study. These results were comparable
to studies using the conventional double-disc devices such as
Amplatzer Membranous VSD Occluder, Amplatzer Muscular
VSD Occluder, Amplatzer Duct Occluder, Amplatzer Duct
Occluder II, AVPII, or modified devices such as modified VSD
Occluder (being used in China) for perimembranous ventricular
septal defect closure.!”2*> The closure rate increased to 97.5% at
a median follow-up of 13 (15-18) months.

Fourth, the design of this device allows its use in few patients,
where the ventricular septal defect RV end diameter is bigger than
the left ventricular end diameter (two patients in our series). The
unique design of the MFO Occluder achieves a stable position
inside the defect while occluding the right ventricle end completely.
Such patients have historically needed surgery.

Finally, the complications associated with attempted device clo-
sure have been related to various factors like a large device profile, a
large delivery system, high clamping force caused by double-disc
design, and high radial stress due to the hard profile of the device.
The Konar-MF VSD Occluder is a low profile, soft device, and
needs a small delivery system with ease of implantation from either
route. There is a significantly reduced probability of trauma, low
clamp force, and radial stress to the ventricular septum, and there-
fore the likelihood of damage to adjacent structures like aortic and
tricuspid valves as well as the bundle of His greatly decreases. The
left ventricular disc in Konar-MF VSD Occluder, however, is sym-
metrical (ADOI design) and long-term data are required to evalu-
ate this limitation as complete heart block has been reported with
this device too.”” Similarly, the right ventricular disc is like that of
ADOII which may potentially cause tricuspid regurgitation.

The study population was relatively older children and the age
range was wide. Since this experience was in its initial stage, the
operators’ choice of defect size was also small to moderate and
moderate rather than large. The study is essentially a clinical fol-
low-up of just 1 year, hence, the safety profile in patients with aortic
valve prolapse is uncertain and needs long-term follow-up, as the
aortic regurgitation may show up in later years. Long-term data
would be required to assess other long-term complications like
complete heart block.

Percutaneous closure of ventricular septal defect using the Konar-
MF device is safe and effective. The short-term follow-up shows a
high closure rate with few complications and no case of complete
heart block. This device can also be safely used in patient with peri-
membranous ventricular septal defect, aneurysm formation, and a
mild prolapse of the right coronary cusp. With increasing experi-
ence, the device may be used in younger patients with large ven-
tricular septal defects.
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