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Abstract

The aim of this publication is to report the short and 
mid-term results of the closure of perimembranous 
and muscular Ventricular Septal Defect (VSDs) with the 
novel device, Konar-Multifunctional Occluder (MFO).

Introduction: The endovascular closure of Ventricu-
lar Septal Defect (VSD) is a well-established procedure. 
The Konar Multifunctional occluder (MFO) allows clo-
sure of large VSDs in an antegrade or retrograde way. 

Materials and Method: Since October 2017, the VSD 
closures were performed in 17 patients with MFO de-
vice, including 3 patients weighing less than 5 kg with 
Associated Complex Congenital Heart Diseases. The 
Transthoracic Echocardiography (TTE) measurements 
were as follow: Left orifice: mean of 7.71 mm ±SD (4 to 
12.3 mm); Right orifice: mean of 4.69 mm ±SD (2.8 to 
7.8 mm); Length: mean of 5.75 mm ±SD (3 to 9.7 mm).

Results: From the scope of 17 patients, 16 procedures 
were successful and only 1 failed. The mean follow-up 
was 5.3 months (1 to 11 month). There were no major 
complications such as complete AV block, hemolysis, 
etc. No residual shunt was showed in the mid-term fol-
low-up. 2 patients less than 5 kg died afterwards: 1 due 

Introduction

Ventricular Septal Defects (VSDs) is the second 
most frequent congenital heart disease. The inci-
dence of VSD is between 1.5 and 3.5/1000 in live birth 
and 4.5 to 7/1000 in premature babies1. The peri-
membranous VSD makes 70% of the VSD2 cases.
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to sepsis and the other one after the reoperation of se-
vere restenosis of the pulmonary veins. 

Conclusions: VSD closure with the Konar-MF occlud-
er is feasible for both congenital and residual post-
operative VSDs. It offers a vast variety of options by 
allowing different approaches to the VSD occlusion, 
(antegrade, retrograde and even through the foramen 
ovale), that had greatly simplified the procedure, giv-
ing the device a very substantial advantage, including 
the closure of large defects in low weight patients.
Copyright © 2019 Science International Corp.
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Although surgical intervention is considered the 
gold standard for VSD [3-6], VSDs can successfully be 
closed by catheterization in patients with favorable 
anatomies and precise indications. Despite this, dif-
ferent complications have arisen where the complete 
AV block [7, 8], remains the most fearsome, and there-
fore, it is necessary to be extremely careful with the 
indication of this procedure, the choice of the device, 
and even with the vascular access selection.

Different devices have proven to successfully close 
different types of VSDs, depending on the size, lo-
cation, and presence or absence of prolapse of the 
aortic sigmoid. Several devices have been used in 
VSD closure, such as the PDA Nit-Occlud® coil, Flip-
per® PDA [9, 10] coil, AMPLATZER™ [11, 12] devices for 
muscular VSD and Ductus ADO II devices [13, 14].

Regarding vascular access, the arteriovenous loop 
for the perimembranous VSDs that requires puncture 
of the femoral artery and the femoral vein was al-
ready described by Lock et al [15]. In mid-ventricular 
and apical VSDs, the arteriovenous loop is performed 
through the right jugular vein. However, the retro-
grade approach from the femoral artery can be done 
by using devices with symmetrical discs that allow 
easy access and rapid treatment of the VSD [3, 12].

The new Lifetech KONAR-MF™ Multifunctional Oc-
cluder (MFO) was developed to allow the occlusions of 
small to large defects that can be placed through both 
vascular approaches, anterograde and retrograde.

The purpose of this study is to report the short- 
and mid-term results of perimembranous and mus-
cular VSDs closure with the use of the new MFO.

Materials and Method

The experience with the new MFO for endovascu-
lar closure of VSDs began in October 2017.

Device design

The MFO is a self-expanding occluder consisting of 
a layer nitinol wire mesh with 144 wires of 0.002” ni-
tinol cables. It has two discs joined by a waist, which 
is formed by a truncated cone. The base of this cone 
is attached to the left disc and from the vertex, which 
is umbilicated, hangs an arm that joins it to the right 
disc. This arm allows articulation to the right disc. The 
length of the waist is 4 mm and stretches up to 7 mm.

The left disc or “high-pressure disc” is attached to 
the base of the truncated cone of the waist, and the 
right or “low-pressure disc” is attached to the waist 
arm. Each disc contains a 2.4 mm long hub with a 
screw so that the device can be positioned retro-
gradely or anterogradely. Both discs of the device are 
of equal size. It is a symmetric device.

The base of the cone or “D2” has a diameter of 2 
mm greater than the vertex. adding 2 mm on each 
side to “D2” we obtain the diameter of the left disc or 

Table 1. Different types of MFO catalog numbers with the corresponding delivery sheaths.

Catalog Number
D Disc Diameter 

(mm)
D2 Waist Diameter 

LV Side (mm)
D1 Waist Diameter 

RV Side (mm)

L Waist 
Length 
(mm)

Recommended 
Delivery Sheath 

(Fr)

LT-MFO-5-3 10 5 3 4

4F-5F
LT-MFO-6-4 10 6 4 4

LT-MFO-7-5 12 7 5 4

LT-MFO-8-6 12 8 6 4

LT-MFO-9-7 14 9 7 4
6F

LT-MFO-10-8 14 10 8 4

LT-MFO-12-10 16 12 10 4
7F

LT-MFO-14-12 18 14 12 4
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rotation. The delivery sheaths diameter depends on 
the diameter of the device (Table 1).

All procedures were performed under general an-
esthesia and patients were anticoagulated with Hep-
arin 100 IU / kg and repeated 50 IU / kg every hour. 
7500 IU were used in adults and afterward added 
2500 IU more.

"D", except for the 5-3, 7-5 and 9-7 devices where 2.5 
mm must be added on each side.

Devices whose disc diameters "D" is ≥ 14 mm have 
a PTFE membrane inside (Figure 1).

The delivery system consists of a sheath and a ca-
ble (Figure 2). The cable has a thickness of 3 fr and a 
length of 1,5 m. On one side it has a screw to hold 
the device and on the other a handle that allows the 
device delivery maneuver with a counter-clockwise 

Figure 1. Konar-MFO. Panel A. The device. Panel B. The design. Panel C. Device Components Denomination: (Panel D) Disc diameter, 
(Panel D1): Waist Diameter Right Ventricular side (Panel D2): Waist Diameter Left Ventricular side. Panel D. The arrows show the PTFE.
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5. Associate congenital heart disease of exclusively 
surgical resolution
All previous measurements for the patient selec-

tion were made with transthoracic echocardiography 
(TTE), included the right orifice, the left orifice, and 
the VSD length.

During the procedure, the patients over 5 Kg, were 
measured with transesophageal echocardiography 
(TEE) and under 5kg by transthoracic echocardiogra-
phy (TTE).

Patients with perimembranous and high muscular 
VSDs performed 24 hours Holter before the proce-
dure as well as an electrocardiogram (EKG) for those 
with the prior disorder.

The choice of the appropriate device is related to 
the TTE measurements of the VSD orifices, the size of 
the waist and the high-pressure disc of the device. 
The waist diameter, suggested by the device Compa-
ny, is 2 mm greater than the maximum diameter of 

Protocol design

Inclusion criteria

1. Patient > 2.5 kg
2. Perimembranous VSD with aneurism
3. Muscular VSDs with adequate rims
4. Pulmonary/Systemic flow (QP/QS) > 1.5:1
5. Clinical and/or echocardiographic signs of volume 

overload
6. Pulmonary resistance (PR) ≤7UW
7. History of endocarditis

Exclusion criteria

1. Perimembranous VSDs without aneurysm
2. Muscular VSDs with inadequate rims
3. Not perimembranous or muscular VSD type
4. PR > 7 UW

Figure 2. Delivery System. Panel A. The cable has, on one side a screw to hold the device and on the other side, the handle. Panel B. 
The screw that holds the device. Panel C. The sheath. Panel D. The loader with the device.
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Statistics Analysis

T-Test or Student Test was used in the statistical 
analysis. Statistical significance is p <0.05.

Results

17 procedures performed on 17 patients: 14 pa-
tients > 10 kg and 3 patients <5 kg.

> 10 kg

Sex: 9 males, 5 females; Age: median 12.67 years 
(1.11 to 37 years); and Weight: mean 39,96 kg ±SD (12 
to 89 kg).

2 patients had complete right bundle branch block 
prior to the procedure, both postoperative.

VSD type

• Perimembranous VSD with aneurysm: 4 patients. 2 
of them had 2 right orifices.

the right orifice of the defect. The left disk has a main 
role in the perimembranous and high muscular VSDs, 
due to the risk of AV block. In the case of perimembra-
nous VSD with more than one right orifice, the device 
will need to be placed inside the aneurysm to avoid 
the conducting system and to occlude all the right 
orifices. This is achieved with a retrograde approach 
(Figure 3).

In muscular VSDs, the device has to inevitably lay 
over the interventricular septum; special care has to 
be taken in high muscular VSDs due to the direct rela-
tionship with the conduct system (Figure 4).

Follow up

• 24 hs: Thoracic X-Ray, EKG and TTE.
• 1 month: EKG and TTE.
• 3 months: EKG, TTE, and 24hs Holter.
• 6 months: EKG and TTE.
• 1 year: Thoracic X-Ray, EKG, TTE and 24hs Holter.

Figure 3. Perimembranous VSD. Panel A. TEE 120 degrees view. The arrows show the VSD. Panel B. TEE 120 degrees with Doppler color 
where the arrow shows the flow of the color through the VSD. Panel C. Left Ventricular Angiography (4 chambers): the arrow shows 
the VSD. Panel D. Retrograde approach positioning of the device. Panel E. Left Ventricle Angiography (4 chambers): the arrow shows 
the correct position of the device. Panel F. TEE 120 degrees view that shows the trivial residual shunt.
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• Length: mean 4.82 mm ±SD 3.72.

Hemodynamic data:

• QP/QS: mean 1.65/1 (1.3/1 to 2.2/1).
• Pulmonary pressure: mean 24/11 (20/10 to 40/16).

The device most frequently used was 7-5. The de-
vices employed were: 5-3: 3 devices, 6-4: 2 devices, 
7-5: 4 devices, 8-6: 3 devices, 9-7: 1 device and 10-8 
1 device.

The mean of the right waist was 5.07mm ±SD 1.52; 
the mean of the left waist was 7.07mm ±SD 1.52, and 
the mean length of the waist was 4 mm.

Endovascular VSD closure was successful in 13 
out of 14 patients with trivial to no residual shunt. 
The failed procedure was on a patient who had a 
high muscular VSD and persisted with severe resid-
ual shunt after the implantation of the device. There 
was an attempt to close the VSD with a bigger device, 
but the patient presented a transient AV block during 
the procedure so the decision was taken to surgically 
close the defect.

• Muscular VSD: 8 patients (5 high-muscular and 3 
mid-ventricular VSDs). 1 patient had a Ductus Arte-
riosus associated that was also closed in the same 
procedure.

• 2 postoperative VSDs: 1 patient had a Perimem-
branous VSD surgically repaired who suffered from 
endocarditis and presented with a residual shunt, 
and 1 patient had Tetralogy of Fallot surgically re-
paired with a residual VSD and Subtricuspid left 
ventricle-right atrium shunt.

• 2 postoperative VSDs: 1 patient had a Perimem-
branous VSD surgically repaired who suffered from 
endocarditis and presented with a residual shunt; 
The other patient had Tetralogy of Fallot surgically 
repaired with a residual VSD and subtricuspid left 
ventricle-right atrium shunt.

VSD echocardiographic measurements:

• Left orifice: mean 6.92 mm ±SD 2.83.
• Right orifice: mean 4.54 mm ±SD 1.50. 2 patients 

had more than one right orifice.

Figure 4. Muscular VSD. Panel A. TEE 0-degree view. The arrow shows the Muscular VSD. Panel B. Left Ventricle Angiography (4 cham-
bers): The Muscular VSD is shown by the arrows. Panel C. MFO Anterograde approach positioning. Panel D. Left Ventricle Angiography 
(4 chambers): The device is correctly in place. Panels E and F. TEE shows no residual shunt.
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Case 1

1-month-old, 3 kg. Suffered from severe Aortic ste-
nosis and severe Aortic coarctation associated with 
patent Ductus Arteriosus and a muscular VSD. Aor-
tic valvuloplasty and balloon angioplasty were per-
formed and, 4 days later, the Aortic arch was surgical-
ly repaired and the Ductus closed. A week later, the 
patient remained with heart failure and pulmonary 
edema, so endovascular occlusion of the VSD was 
successfully done (Figure 5).

Case 2

3-month-old, 3 kg. Presented with transposition 
of great arteries and a muscular VSD. After being sur-
gically repaired with arterial switch technique, the 
patient persisted with residual VSD and severe heart 

Follow up

The mean follow-up was 5.75 months (1 to 10 
months). No complete AV block, hemolysis or may-
or complications were observed throughout the fol-
low-up.

< 5 kg

Patients <5 kg had another congenital heart dis-
ease associated with severe hemodynamic repercus-
sions. All 3 patients presented with heart failure and 
pulmonary edema.

The mid-ventricular muscular VSDs were the type 
of defect.

The associated congenital heart diseases were as 
follow:

Figure 5. Mid-Muscular VSD. Panel A. TEE: 4 chambers view shows the Mid-ventricular VSD. Panel B. Left Ventricular Angiogram: the 
arrow shows the VSD Panel C. MFO totally positioned crossing the mitral valve. Panel D. Left Ventricular Angiogram: a trivial residual 
shunt can be observed. Panel E. TEE: 4 chambers view: the arrow shows the trivial residual shunt.
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failure reason why endovascular occlusion of the VSD 
was performed.

Case 3

5-month-old, 5 kg. The anomaly associated was an 
obstructed infradiaphragmatic pulmonary venous re-
turn. After the surgical repair, the severe pulmonary 
hypertension persisted so Nitric Oxide was required. 
After 10 days, the pulmonary pressure decreased and 
endovascular VSD occlusion was performed. During 
the Pulmonary vein re-stenosis surgery, the patient 
died.

Table 2 shows the hemodynamic data, the VSD 
measurements, the devices used and the immediate 
result.

Follow up

Case 1

Good clinical condition with Aortic re-coarctation 
waiting for a new angioplasty.

Case 2

The patients died 15 days after the procedure due 
to sepsis.

Case 3

The patient developed a progressive severe Pul-
monary Vein Stenosis and died during the surgery.

Discussion

VSD closure has historically been surgical [3-6]. 
After Lock [15] performed the first VSD occlusion by 

catheterization, different devices and vascular ap-
proaches have been proposed.

VSD closure was historically treated through sur-
gery [3-6]. After Lock15 performed the first VSD occlu-
sion by catheterization, different devices and vascu-
lar approaches, such as Nit-Occlud® PDA coil, Flipper® 
PDA [9, 10] coil and AMPLATZER™ [11, 12] devices 
for muscular VSD and Ductus ADO II devices [13,14]. 
have been used to perform the closure.

Few complications were reported, being complete 
AV block the most feared [7, 8, 17-19].

The endovascular occlusion of perimembranous 
defects with the MFO device has the same feasibili-
ty as other known devices. The MFO great versatility 
in the vascular access, allow the possibility of closing 
defects of larger sizes with lower profile sheaths that 
can be placed through both vascular approaches, an-
terograde and retrograde, expanding the spectrum 
of patients who can benefit from the alternative clo-
sure by catheterization, among others.

In the short term follow-up, we did not observe in 
the cohort patients the complete AV block, however, 
it is a complication that can appear at any time that 
requires [19] a close follow-up.

In the vascular access, we usually use the antegrade 
approach for mid-ventricular and apical muscular de-
fects, leaving the retrograde maneuver for the peri-
membranous and high muscular VSDs. Depending 
on the circumstances, avoiding the arteriovenous 
loop can simplify the procedure and reduce the risks 
associated with this technique. Moreover, avoiding 
arterial puncture represents a great advantage, es-
pecially in small patients. The MFO’s great versatility, 
due to the double hub with screw-in both sides, al-
lows the occlusion of the VSD in an antegrade or ret-
rograde way according to convenience. In complex 
cases where the placement of the device is challeng-
ing, we suggest the use of the antegrade approach. 

Table 2. Shows the hemodynamic data, VSD measurements, the devices used and the immediate results.

Case
Left To Right 

Shunt
Pulmonary 

Hypertension Left Orifice Right Orifice Length MFO
Residual 

Shunt

1 Severe Severe 8 MM 8 MM 4 MM 10/8 No

2 Severe Severe 5 MM 7 MM 3 MM 8-6 Mild

3 Severe Moderate 5 MM 5 MM 3 MM 6-4 No
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When using the retrograde approach, the right disc 
has to be completely open on the right side of the 
VSD so when it is pulled gently towards the left side, 
the full occlusion of the right orifice is performed. 
Later on, the waist and left disc are deployed within 
the aneurysm, with no differences regarding residual 
shunt between both approaches.

The patent foramen ovale (PFO) allows reaching 
through the mitral valve, the left ventricle and cathe-
terizing mid-ventricular and apical VSDs from the cav-
ity. Caution must be placed during the procedure in 
order to avoid injuries to the mitral valve. The guides 
must be covered with the catheter at all times and 
the placement of the sheath through the mitral valve 
must be done carefully.

Smaller devices contain compact mesh, compare 
to the larger ones. The PTFE membrane is needed in-
side the larger occluders to facilitate the closure.

The MFO devices come in different sizes, where the 
greater diameter of the waist goes from 5 to 14mm 
and the disc from 10 to 18 mm, enabling the closure 
of VSDs from 3 mm to 12 mm. To select the adequate 
device size, the Company suggests that the right 
waist should exceed the maximum right diameter of 
the VSD by at least 2 mm. Occasionally the right disc, 
contributes to the occlusion avoiding the oversize of 
the device.

In our analysis, the cohort of patients showed that 
when comparing the right waist of the device with 
the echocardiographic measurement of the right ori-
fice of the VSD, the mean of the diameters was almost 
equal. The same result was showed when comparing 
the left waist of the device with the left diameter of 
the defect. The result of the analysis of the cohort of 
patients showed, that the size of the discs had a signif-
icant difference with the left waist, which established 
a linear relationship between the left diameter of the 
VSD and the size of the discs. The discs device was 4 
mm larger than the left orifice of the VSD, concluding 
that the required size of the disc using the diameter 
of the left orifice of the VSD should have an additional 
4 mm.

Another relevant observation during the analysis 
for the closure of the perimembranous defects was 
that the size of the device was ruled by the diameter 
of the aneurysm, as it had to be placed inside to avoid 

the AV block, to perform the complete occlusion of 
the right orifices, sometimes more than one.

The perimembranous VSDs without aneurysm 
is difficult to be treated with MFO [15-19] since the 
symmetrical discs might injure the Aortic sigmoids. 
Eccentric devices can be used for these types of de-
fects where the left disc does not reach the aortic sig-
moid valve [22].

Base on our experience, the alternative treatment 
was able to be offered to patients with very low 
weight, greater than 2,500 kg [7, 26-28], serious life 
risk, and did not comply with any requirement need-
ed for other treatments. This group of patients mani-
fests heart failure and acute pulmonary edema due to 
large defects, greater than 5 mm. Babies with a severe 
left to right shunt are often symptomatic with failure 
to thrive and can die from heart failure and respira-
tory compromise if the medical treatment is insuffi-
cient and the closure is delayed. Only patients with 
mid-ventricular and apical VSD can benefit from MFO 
for endovascular closure. Patients with high muscu-
lar and perimembranous VSDs, especially in patients 
under 1 year of age, will not be recommended for clo-
sure due to the high risk for complete AV block [12]. 
The low-profile and flexibility of the delivery system 
is well tolerated by the venous system that allows the 
crossing through the foramen ovale to LV avoiding 
the puncture of the arterial, common complication 
in young children. This is the main reason why Nag-
eswara [26] and Zartner [27] already proposed avoid-
ing arterial puncture in young children.

The postoperative residual VSDs range has been 
reported between 5 and 25% [30] if reoperation is 
decided, complications can arise [31]. When residual 
VSDs are greater than 3 mm and associated with QP 
/ QS over 1.5 / 1, they need to be closed [32, 33]. Base 
on the information mention before, the endovascu-
lar treatment is a suitable option. In our experience, 
two patients had a residual postoperative VSD and re-
quired endovascular closure with no complications in 
the follow-up. Both patients had post-surgical com-
plete right bundle branch block, so they underwent 
Holter prior to the procedure that did not show any 
other type of severe arrhythmia that contraindicated 
the device occlusion, and they did not present com-
plete AV block during follow-up.
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Base on our experience, successful closure was 
achieved in 92.8% of the cases, without major compli-
cations and minimal or no residual shunt. The failed 
procedure was due to the appearance of transient 
complete AV block during a reposition maneuver of 
the device that caused to refer the closure to surgery.

Regarding the group of patients under 5 kg who 
had severe cardiac diseases,  (TCGA with mid-ven-
tricular VSD,  critical aortic stenosis with severe aortic 
coarctation, Total anomalous pulmonary venous con-
nection (TAPVC), the decision was taken to repair the 
most severe emergent pathology that was putting 
the patient’s life at risk  through VSD with the MFO, 
due to the versatility of the device.

One of the main strengths of this novel device is 
the presence of a double hub that allows an antero-
grade or retrograde approach, as well as the low-pro-
file delivery system that allows the closing of large 
VSDs in low-weigh patients under 5 Kg.

One of the disadvantages of the device in peri-
membranous VSDs with prolapse of the aortic sig-
moid is the symmetrical diameter of the discs that 
can compromise the function of the aortic valve. As 
well the length of the right hub (7mm) can injure the 
tricuspid valve during the device implantation.

This is the first publication of the novel device “MFO” 
for endovascular VSD closure that is in full develop-
ment with satisfactory short and mid-term results.

Conclusion

The device increase the possibility of closure of dif-
ferent types of VSD since it allows choosing the ante-
grade or retrograde approach as well as the closing 
of a great variety of sizes of VSD and the occlusion of 
large defects in low-weight patients.

The learning curve of the device, will let us know 
more details about MFO including the success rate of 
VSD closure.
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