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“Chiusura percutanea dei leaks paravalvolari: 
indicazioni, tecnica e risultati” 

Round Oval Crescentic



Background (1) 

• Depending leak size, regurgitation can cause congestive heart failure 
(69% ≥ NYHA III) and pulmonary edema, can increase the risk for 
endocarditis, and often provokes mild to substantial transfusion-
requiring hemolysis

• Redo surgery has been considered the first choice to treat PVLs but 
carries a higher operative risk compared to that of the initial procedure 
with mortality rates between 4% and 14%.
(13% :1st reoperation; *15% 2nd reoperation; *37% 3th reoperation)

* Echevarria JR. Eur J Cardiothorac Surg 1991;5:523–526
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• Available clinical results are promising showing low complication rates
and high technical or clinical success rates of catheter-based closure
of PVL (60-90%).

• Compared to surgical closure of PVL, lower mortality rates (30-days
mortality rate: 4,6%) have been documented in patients treated by
catheter-based closure of PVL in clinical practice.

• Therefore interventional closure seems to be a promising option,
which need to be discussed with every symptomatic patient suffering
from PVL prior to therapeutical decision making.

Background (2)
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ü Good candidates : patients with previously implanted surgical
prosthetic/bioprosthetic heart valves, symptomatic paravalvular
regurgitation (equal or greater than moderate) associated with
hemolysis, need for recurrent blood transfusions, or hemodynamically
significant heart failure who are deemed to be at high risk for further
surgical intervention after surgical consultation (!!)

ü Exclusion criteria : active bacterial and/or viral infection or any type
of serious infection < 1 month prior to the procedure; lack of suitable
access route; valve dehiscence to such an extent that device
manipulationwould likely cause disruptionof the entire valve apparatus*

• there is insufficient experience to define the percentage of the ring without suitable attachment to meet this criterion, 
but a rocking valve apparatus with large areas of dehiscence would fall into this category.

Indications
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Unfavorable 

Favorable

Courtesy: Dr Bill Edwards
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3D CT Angiography

Preprocedural planning
Prosthetic Paravalvular Leaks

Ruiz C. et al.   Eur Heart J Suppl 2010;12:E52-E62

excellent anatomical leak characterization (number, size, location, orientation)



Taramasso M et al.  European Heart Journal – Cardiovascular Imaging 2014;15:1161-1167

In the present study, the single-centre experience with the surgical
and percutaneous TAp treatment of PVL in selected high-risk
patients was reported. Notably, the two categories were different
and patients undergoing surgical closure were in slight better condi-
tion. The patients treated with the TAp approach were at very high-
risk for surgery. This paper shows that even high-risk patients for
surgery can be treated with excellent peri-procedural results,
because the in-hospital mortality was 0% in TAp patients. The pro-
gramme of hybrid TApPVL closure is functional for a global reduction
of procedural-related mortality and morbidity in these complex and
high-risk patients. On the contrary to the past, the current implemen-
tation with a less invasive treatment is extremely appealing, allowing
for a better patient selection and a tailored strategy that could de-
crease the risk profile of surgical patients. Therefore, the addition
of a hybrid programme to a surgical programme could help to
relieve the undertreatment of patients with PVLs.

Safety
The results of the present study showed the safety of the TAp ap-
proach for PVL closure, even in the presence of an extremely high
surgical risk (!19% of Logistic EuroScore). Patients who underwent
TAp closure had a higher risk profile, mainly due to a higher preva-
lence of chronic obstructive pulmonarydisease and tomoreprevious
cardiac operations: it has been showed that mortality increases pro-
gressively with the number of re-operations: 13% after the first, 15%
after the second, and 37% after the third.7 In the present study, !80%
of the patients of the TAp group had .1 previous cardiac operation,
compared with !40% of the patients of the surgical group.

In spite of a much worse risk profile at baseline, no in-hospital
deaths were observed in the TAp group.

These results suggest that in high-risk patients with suitable
anatomy who are not amenable for surgery, a less invasive approach
should be considered, in order to improve clinical outcomes. On the
other hand, in-hospital mortality in the surgical group was acceptable
and congruent with other surgical series3,5,7 confirming that

Figure 2: Pre-operative imaging of a wide crescent-shape mitral paravalvular leak in the anterolateral position. (A) and (B) Two-dimensional and
3D echocardiographic imaging. (C) The longitudinal section of the anatomic course of the leak at angio-CT scan (red area); this view is important to
determine the tortuosity of the leak channel, which can make the procedure technically demanding. (D)The precise extension of the leak on the
annular plane (green spots); this view is useful to predict the eventual need for multiple plugs.

Figure 3: Axial CT-scan section showing the proximity of the
apical access to the therapeutic target.
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Longitudinal section of the anatomic leak course

Precise extension of the leak

Wide crescent-shape mitral paravalvular leak

Preprocedural planning
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paravalvular leak

Axial CT- scan section

Preprocedural planning
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Mitral plane

paravalvular leak

Apical access

Axial CT- scan section
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Jelnin V et al.   J Am Coll Cardiol Interv 2011;8:868-874 

on the LV (Fig. 2B) the anesthesiologist was asked to
deflate the left lung to minimize exposure of the lung tissue.
A selective coronary angiogram was also used for patients in
whom the CTA revealed proximity of the coronary arteries to
the puncture site. The transapical puncture was accomplished
by accessing the LV cavity percutaneously with a 21-gauge
micropuncture needle (Cook Medical, Bloomington, Indiana).

The procedures were guided by live fluoroscopy and
monitored with TEE. During the puncture, contrast was
injected through the needle to monitor the entry into the
LV cavity. After cannulating the LV, a 0.018-inch guide-
wire was advanced through the needle, and the needle was
exchanged for a 5-F radial sheath (Cook Medical). Appro-

priate delivery sheaths were then introduced according to
the interventional needs and ranged from 5- to 12-F.
Technique for closure of the direct LV access. In 4 patients
with a transapical access sheath of 5-F, the access site was not
closed. As previously reported, the closure of a transapical
access site in 1 patient was performed using 2 0.052-inch
Gianturco Coils (Cook Medical) (7). In 1 patient, the LV
access was closed using a 6-mm Amplatzer Muscular VSD
Occluder (AGA Medical Corporation, Plymouth, Minne-
sota). All other transapical accesses were closed using a
6-mm to 4-mm Amplatzer Duct Occluder (AGA Medical
Corporation). The implantation of the closure device is
performed under real-time fluoroscopy guidance. The de-

Figure 1. Intraprocedure Real-Time, Live 3D TEE Images, Deep Transgastric Longitudinal Views

(A) Entrance of the puncture needle (white arrow) into the LV cavity from the chest wall. (B) Closure of the transapical access site with Amplatzer Duct
Occluder device (AGA Medical Corporation) (black arrow). 3D ! 3-dimensional; LV ! left ventricle; TEE ! transesophageal.

Figure 2. Volume-Rendered CTA Demonstrates Variation of the “Safe Puncture Window” Among Different Patients

(A) Patient with good exposure of the LV apex with a large puncture window (yellow shaded). (B) Patient with small puncture window because of lung overlap
and close proximity of the coronary artery. CTA ! computed tomographic angiography; LAD ! left anterior descending; LV ! left ventricle.

J A C C : C A R D I O V A S C U L A R I N T E R V E N T I O N S , V O L . 4 , N O . 8 , 2 0 1 1

A U G U S T 2 0 1 1 : 8 6 8 – 7 4

Jelnin et al.
Percutaneous Direct Left Ventricular Access

870

A) Good exposure of LV apex : large puncture window B) Small puncture window : lung overlap and close proximity
of coronary artery

3D Volume-Rendered CTA : 
variation of the “Safe Puncture Window” among different patients

on the LV (Fig. 2B) the anesthesiologist was asked to
deflate the left lung to minimize exposure of the lung tissue.
A selective coronary angiogram was also used for patients in
whom the CTA revealed proximity of the coronary arteries to
the puncture site. The transapical puncture was accomplished
by accessing the LV cavity percutaneously with a 21-gauge
micropuncture needle (Cook Medical, Bloomington, Indiana).

The procedures were guided by live fluoroscopy and
monitored with TEE. During the puncture, contrast was
injected through the needle to monitor the entry into the
LV cavity. After cannulating the LV, a 0.018-inch guide-
wire was advanced through the needle, and the needle was
exchanged for a 5-F radial sheath (Cook Medical). Appro-

priate delivery sheaths were then introduced according to
the interventional needs and ranged from 5- to 12-F.
Technique for closure of the direct LV access. In 4 patients
with a transapical access sheath of 5-F, the access site was not
closed. As previously reported, the closure of a transapical
access site in 1 patient was performed using 2 0.052-inch
Gianturco Coils (Cook Medical) (7). In 1 patient, the LV
access was closed using a 6-mm Amplatzer Muscular VSD
Occluder (AGA Medical Corporation, Plymouth, Minne-
sota). All other transapical accesses were closed using a
6-mm to 4-mm Amplatzer Duct Occluder (AGA Medical
Corporation). The implantation of the closure device is
performed under real-time fluoroscopy guidance. The de-

Figure 1. Intraprocedure Real-Time, Live 3D TEE Images, Deep Transgastric Longitudinal Views

(A) Entrance of the puncture needle (white arrow) into the LV cavity from the chest wall. (B) Closure of the transapical access site with Amplatzer Duct
Occluder device (AGA Medical Corporation) (black arrow). 3D ! 3-dimensional; LV ! left ventricle; TEE ! transesophageal.

Figure 2. Volume-Rendered CTA Demonstrates Variation of the “Safe Puncture Window” Among Different Patients

(A) Patient with good exposure of the LV apex with a large puncture window (yellow shaded). (B) Patient with small puncture window because of lung overlap
and close proximity of the coronary artery. CTA ! computed tomographic angiography; LAD ! left anterior descending; LV ! left ventricle.

J A C C : C A R D I O V A S C U L A R I N T E R V E N T I O N S , V O L . 4 , N O . 8 , 2 0 1 1

A U G U S T 2 0 1 1 : 8 6 8 – 7 4

Jelnin et al.
Percutaneous Direct Left Ventricular Access

870

Preprocedural planning
Prosthetic Paravalvular Leaks



Good exposure of LV apex : large puncture window

3D Volume-Rendered CTA : 
variation of the “Safe Puncture Window” among different patients
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Prosthetic Paravalvular Leaks



Choice of approach

ü valve involved
ü vascular access difficulties
ü paravalvular calcification
ü operator experience and preference
ü location of the leak*

Prosthetic Paravalvular Leaks
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Difficulties affecting technical success

Inability to access PVL
• presence of mechanical valves
• vascular access difficulties
• leak location: mPVL (septal/posterior)

Inability to cross
• serpiginous tracks
• paravalvular calcification
• different orifice size on either side of valve

Prosthetic Paravalvular Leaks
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M-VSD

ASO

Shape of PVL not correct for devices (round/oval vs. crescentric)
– Multiple smaller devices – better sealing/less interference
– Simultaneous vs. sequentially

Oval

Round

Crescent

Undetermined

ADO IAVP II AVP IIIAVP I AVP IV ADO II

• Parallel
• Perpendicular
• Serpiginous

No Specifically 
Designed 
Devices

M-VSD

ASO

Shape of PVL not correct for devices (round/oval vs. crescentric)
– Multiple smaller devices – better sealing/less interference
– Simultaneous vs. sequentially

Oval

Round

Crescent

Undetermined

ADO IAVP II AVP IIIAVP I AVP IV ADO II

• Parallel
• Perpendicular
• Serpiginous

No Specifically 
Designed 
Devices

Prosthetic Paravalvular Leaks



AORTIC PARAVALVULAR LEAK

ü Retrograde trans-aortic**
ü Antegrade trans-septal
ü Retrograde trans-apical*

Choice of approach :
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AORTIC PARAVALVULAR LEAK

Retrograde trans-aortic from femoral artery approach **      

Retrograde trans-apical*

Prosthetic Paravalvular Leaks



second-choice access : shorter distance to the aortic valve, perhaps making the procedure 
easier, or with safer positioning, and potentially less radiation and contrast agent

AORTIC PARAVALVULAR LEAK

Retrograde trans-aortic from subclavian artery approach *      

Prosthetic Paravalvular Leaks



Ø Most frequent locations : left and noncoronary sinus

Ø Echocardiography : most important before, not during the procedure

Ø Percutaneous repair is feasible in most patient

Ø Should be the first therapeutic option

AORTIC PARAVALVULAR LEAK
Prosthetic Paravalvular Leaks

General considerations



MITRAL PARAVALVULAR LEAK

ü Antegrade trans-septal*
ü Retrograde trans-aortic
ü Retrograde trans-apical**

Choice of approach :

Prosthetic Paravalvular Leaks



Anterograde trans-septal

• Difficult entry into LV
• Crossing reverse to the regurgitant flow through the leak
• Less wire pushability to cross

Antegrade approaches

Prosthetic Paravalvular Leaks



*Sorajja P. Circ Cardiovasc Interv. 2011;4:314-321

Clinical Follow-Up
Patients were contacted by mailed questionnaire, telephone, and
clinical visit to determine vital status and adverse events. Sudden
cardiac death was defined as instantaneous and unexpected death
with or without documented ventricular fibrillation within 1 hour
after a witnessed collapse in patients who previously were in stable
clinical condition or nocturnal death with no antecedent history of
worsening symptoms. Appropriate discharge of an implanted inter-
nal cardioverter-defibrillator device for therapy of a lethal arrhyth-
mia (ie, sustained ventricular tachycardia or fibrillation) was consid-
ered to be sudden cardiac death.21 Occurrence of stroke was defined
according to standard criteria.22

Data Analysis
Risk of open surgical repair for each patient was calculated using the
Society of Thoracic Surgeons database scoring system.23 Acute
procedural success was defined as successful deployment of an
occluder device that resulted in significant reduction in paravalvular
regurgitation to mild or less-residual regurgitation in the absence of

need for emergency surgery or procedural death. In the presence of
multiple defects, the sum of regurgitation from these defects,
including those not treated, was used. Patients with perimitral
regurgitation were grouped into first, second, third, or fourth quarter
of the experience for comparison. Similarly, patients with periaortic
regurgitation were grouped into first and second halves of the
experience for comparison. For symmetrically distributed data, a
Student t test for the 2 periaortic groups and ANOVA for 4 groups
of perimitral regurgitation were used for comparison. For compari-
son of skewed data, Wilcoxon rank sum test for the 2 periaortic
groups and Kruskal-Wallis test for the 4 perimitral groups were used.
Continuous variables are reported as mean!SD unless otherwise
indicated. Statistical significance was inferred at P"0.05.

Results
Patients
Table 1 lists the baseline characteristics of the 115 patients
who comprised the study population (mean age, 67!12
years; men, 53%). The clinical indication for the procedure
was heart failure in the majority (93%) of the patients. The
majority (78%) of the defects were perimitral. Defects in-
volving mechanical mitral prostheses (50%) were the most
frequently treated. Significant morbidity in the study popula-
tion was common, leading to an estimated operative mortality
for open surgical repair of 6.9!5.6%. The number of patients
with estimated operative mortality of "5%, 5% to 10%, and
#10% was 56 (49%), 35 (30%), and 24 (21%), respectively.
The majority (60%) of the patients had undergone multiple
cardiac surgeries, including 25 (22%) who had had !3 prior
sternotomies.

Acute Procedural Success
Overall, 141 paravalvular defects were attempted, with per-
manent device placement in 125 of these defects (Table 2).
Twenty-nine (25%) procedures required snaring and wire
exteriorization for device delivery. In 7 patients, multiple
devices were placed using either simultaneous guides or the
anchor-wire technique in single defects to achieve successful
reduction in regurgitation. In 13 patients, direct apical punc-
ture was required for passage of the delivery catheter across
the paravalvular defect after unsuccessful passage with con-
ventional guidewire support. Overall, acute procedural suc-
cess occurred in 88 of 115 (77%) patients. Residual regurgi-
tation was grade III in 16 patients and grade IV in 11 patients.
The rates of acute procedural success were slightly lower for
perimitral lesions (76%) versus aortic lesions (80%) and for
mechanical prostheses (71%) versus bioprostheses (84%).
Reasons for procedural failure are listed in Table 3. In 1
patient, percutaneous repair of separate perimitral and peri-
aortic paravalvular defects was performed.

One patient required surgery. This patient underwent
retrograde transaortic placement of a 16-mm Amplatzer
Muscular Ventricular Septal Defect Occluder in a defect
involving an ATS Medical mechanical mitral valve that
resulted in impingement of the anterior leaflet. The device
could not be retrieved percutaneously, and the patient re-
quired emergency surgery. In a second patient with a mitral
bioprosthesis, device embolization of a 12-mm Amplatzer
Vascular Plug II to the left internal iliac artery occurred and
was successfully retrieved with a bioptome. A third patient
required device retrieval because of malposition in the left

Figure 2. Creation of an arteriovenous rail using a retroaortic
approach. A, After standard transseptal puncture, a steerable
sheath is used to place a stiff guidewire across the paravalvular
defect into the LV. B and C, A gooseneck snare is advanced
retrograde from the femoral artery and across the aortic valve
into the LV. D, The gooseneck snare is used to capture the
guidewire initially passed across the paravalvular defect. E and
F, Fluoroscopic images showing the guidewire passing across a
mitral paravalvular defect into the LV and after capture by the
snare (arrowheads). Ao indicates aorta; LA, left atrium; LV, left
ventricle. Reprinted with permission from the Mayo Foundation
for Medical Education and Research.

316 Circ Cardiovasc Interv August 2011
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Antegrade transseptal approach
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Trans-apicalRetrograde from Ao-LV 

• Crossing on the same direction of the regurgitant flow through the leak
• Better wire pushability

Retrograde approaches
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Mitral valve “clockface”
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Mitral valve “clockface”
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Ø Transeptal puncture is the key step !

Ø New routes : transapical, retrograde

Ø Generous anticoagulation : heavy manipulation in the LA

Ø Cooperation between echo team – interventionalist mandatory !!

Ø Mitral paravalvular leak repair is more technically demanding

MITRAL PARAVALVULAR LEAK
Prosthetic Paravalvular Leaks

General considerations
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Slit-like Crescent cutting edge

Shapes of paravalvular leaks
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VSD PDA

PDA2

AVPAVP

AVP2
3-22mm
AVP2
3-22mm

AVP3AVP3 AVP4
4-8mm
AVP4
4-8mm

Amplatzer Family

Delivery sheath 5-8FDelivery sheath 5-8F

Delivery catheter 4-5FDelivery catheter 4-5F

PARAVALVULAR LEAK TREATMENT
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Optimal Device 
• PFO-ASD 

• Big discs to anchor 
• Big discs to interfere with adjacent 

structures 
 

• PDA-VSD devices 
• Less anchor-may move-large devices 

 
• Vascular plugs 

• AVP-2 lots of waist 
• AVP-3 perhaps the best currently 
• AVP-4 –soft device 49 

AVP-2 

AVP-3 

AVP-4 

PARAVALVULAR LEAK TREATMENT
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• The currently available vascular closure devices available in the market
are not always well fitted to the irregular, crescent shape of the PVL,
which can lead to hemolysis, device embolization, interference with
prosthetic leaflets, or coronary occlusions*

• In addition to the crescentic appearance by cross section, PVL have a
serpentine, longitudinal aspect, which can be challenging with
regards to wire and catheter crossing, and in obtaining an effective seal
with self-expanding devices

*Sorajja P. Circ Cardiovasc Interv. 2011;4:314-321

PARAVALVULAR LEAK TREATMENT
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PARAVALVULAR LEAK TREATMENT
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• Until 2014 there have been no devices available 
specifically designed and indicated for PVL 

closure and which are CE marked



• Two different shapes:

Square Rectangular

Two PET patches One in each disc

WaistTwist

Occlutech Paravalvular Leak Device (PLD®)
(Occlutech GmbH, Jena, Germany) 

• Two different disc – connections:

Prosthetic Paravalvular Leaks



Occlutec PLD has clamping force to keep the prostatic valve and tisue
together after closing the defect, AVP III has no clamping force.

Occlutec PLD has clamping force to keep the prostatic valve and tisue
together after closing the defect, AVP III has no clamping force.

Occlutech PLD	has	clamping	 force	to	keep	the	prosthetic	valve	and	tissue	together	
after	closing	 the	defect,			AVP	 III	has	no	clamping	force	

Two discs deployed

Valve Ring

Occlutech Paravalvular Leak Device (PLD®)
ADVANTAGES (1) 

Prosthetic Paravalvular Leaks



Occlutech Paravalvular Leak Device (PLD®)
ADVANTAGES (2) 
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Radiopaque	markers	for	secure	device	positioning

Occlutech Paravalvular Leak Device (PLD®)

188 Ercan E, et al. Paravalvular leak closure 
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stability, the PLD was released. The PLD occluded the 

leakage nearly completely and downgraded PVL from se-

vere to negligible (Figure 3, Video 2). The PLD had two 

rectangular discs (disc diameters were 17 and 15 mm) and 

an elliptic waist composed of a self-expanding nitinol wire 

mesh. (Figure 4) At discharge, 2DTTE revealed a normally 

functioning mitral prosthesis with just a very minor (or 

meager) PVL. 

 

Figure 3. Postoperative transesophageal echocardiography 
demonstrating small residual leak (black arrow). 

2  Discussion 

PVLs are variable in size and shape with many being 

crescentic, not cylindrical.
[1–3]

 Devices are circular in shape 

may be unadaptable for crescentic defects. Successful clo-

sure with them may require large devices. Rectangular 

shaped devices may conform better to the shape of crescen-

tic PVL. 

 

Figure 4. A rectangular occlutech paravalvular leak device. 
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Antero-lateral Mitral Paravalvular Leak
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Procedural Imaging (3D RT TEE)
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Opening the distal disc in the LA and pushing it towards the mitral prosthetic annulus



Procedural Imaging (3D RTTEE)
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Final position of the Occlutech PLD® Rectangular Waist 10x4 mm 



Procedural Imaging (2D TEE)
Prosthetic Paravalvular Leaks

Occlutech PLD® Rectangular Waist 10x4 mm in situ, no residual shunt



Percutaneous PVL Closure:
Background

Author (Year)
Patients

(Aortic, Mitral)
Technical
Success

Clinical
Success

Hourihan (1992) 4 (A: 4, M: 0) 3 (100%) 2 (50%)
Pate (2006) 10 (A: 1, M: 9) 7 (70%) 4 (40%)
Hein (2007) 21 (A: 8, M: 13) 20 (95%) 14 (67%)
Shapira (2007) 11 (A: 2, M: 9) 10 (91%) 6 (54%)
Cortes (2008) 27 (A: 0, M: 27) 17 (63%) 10 (37%)
Alonso-Briales (2009) 8 (A: 4, M: 4) 7 (88%) 4 (50%)
Garcia-Barbolla (2009) 8 (A: 0, M: 8) 5 (63%) 4 (50%)
Neitlispach (2010) 5 (A: 1, M: 4) 5 (100%) 5 (100%)
Sorajja (2011) 115 (A: 25, M: 90) 88 (77%) 77 (67%)
Ruiz (2011) 43 (A: 10, M: 33) 37 (86%) 33 (77%)

Total/Average 252 80% 63%
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both CHF symptoms and the need for blood transfusions
for ongoing hemolysis.

Hein et al. (18) observed that 33% of patients requiring
transfusions had worsening hemolysis after the procedure, and
there was newly developed hemolysis in 10% of all patients.
This series had similar results immediately after the procedure.
It has been determined best to wait 6 months, while minimiz-
ing blood transfusions using erythropoietin injections as
needed, to ascertain whether severe hemolysis was ongoing and
a second closing procedure was indeed needed (i.e., second
percutaneous procedure or surgery).

The 30-day all cause mortality rate of 5.4% appears to be
lower than that of 1 large surgical series (12%) (3). Percutane-
ous paravalvular leaks closure may become increasingly favor-
able after 1 reoperation as surgical mortality rates as high as
22% have been reported (3,5). The cardiac-related mortality
rate at 6 months of 8.1% also appears to be considerably lower
than that of conservative medical management (26%) (3).

As previously reported (10,11,18–22) (Table 3), the
percutaneous paravalvular leak closure outcomes with the
current available technology still leave a lot to be desired,
owing to several issues. 1) There are no devices that are
specifically designed to treat this problem; the devices
that are currently employed are being utilized “off-label.”
2) Paravalvular leaks may be difficult to cross because of
their position and/or because of the anatomic configura-
tion of the defects that may be serpiginous and/or rigid
due to annular calcification or to the valve ring per se. At
times, the defect can be crossed with a guidewire, but
crossing with an available delivery sheath or catheter may
be impossible (8 of 12 of our failures). 3) The defect may
be crossed and closed but the closure device may interfere
with the function of the prosthetic valve, prohibiting
release of the device (3 of 12 of our failures). However,
with this limited number of patients, we cannot deter-
mine if the type of prosthesis and the type of closure
devices used can influence the outcome. The develop-
ment of newer low profile and largely adaptive devices
that can conform to the variety of shapes of these defects
and are specifically designed for this application will
undoubtedly improve the current results.

In the current study, procedural and clinical success as well
as complications rate appear acceptable. This series incorpo-
rates the use of multiple imaging modalities to facilitate the
planning and performance of the procedure. The relatively
high rate of procedural success may have been related to the
close collaboration and communication between the 4D CTA
reconstruction specialist, the transesophageal echocardiography
specialist, and the interventional cardiologist, both before the
procedure to plan the approach and during the procedure to
confirm the course of wires and catheters in the 3D space
within the heart. Targeting the paravalvular leak on the 4D
CTA reconstructed image adjacent to the fluoroscopic image
greatly enhanced the ability to cross the defect in an expedi-
tious fashion. These procedures can be challenging and tech-
nically demanding, but are clearly facilitated by a “team

Figure 6 Kaplan-Meier Plot of Survival Function
for 42 Months Post-Procedure

Red line ! total survival rate; blue line ! freedom from cardiac-related death.

Current PublicationsTable 3 Current Publications

First Author (Ref. #) Year Type (n) Patients (n) Leaks (n)
Technical
Success

Clinical
Success

Repeat
Procedures

Mean Fluoroscopy
Time (min)

Hourihan et al. (10) 1992 A 3 3 3 (100%) 2 (67%) 1 (33%) n/a

Pate et al. (20) 2006 M (9) 10 10 7 (70%) 4 (57%) 4 (40%) 62

A (1)

Hein et al. (18) 2006 M (13) 21 26 24 (92%) 14 (67%) 9 (43%) 31

A (8)

Shapira et al. (21) 2007 M (9) 11 13 11 (85%) 6 (54%) 1 (8%) 60

A (2)

Sorajja et al. (22) 2007 M (14) 16 19 17 (89%) 12 (75%) 0 (0%) 55

A (2)

Cortes et al. (19) 2008 M 27 27 17 (63%) 10 (59%) 0 (0%) n/a

Garcı́a-Borbolla Fernández et al. (11) 2009 M 8 8 5 (63%) 4 (80%) 0 (0%) n/a

Nietlispach et al. (25) 2010 A (1) 5 5 5 (100%) 5 (100%) 0 (0%) 15

M (4)

A ! aortic paravalvular leak; M ! mitral paravalvular leak; n/a ! not available.

2216 Ruiz et al. JACC Vol. 58, No. 21, 2011
Percutaneous Closure of Paravalvular Leaks November 15, 2011:2210–7

Ruiz CE et al. JACC 2011;58:2210-2217
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Abstract
Aims: Paravalvular regurgitation is an important complication of mitral valve replacement. Although surgi-

cal repair is mostly recommended, it is associated with significant morbidity. On the other hand, percuta-

neous closure is a less invasive alternative approach. Percutaneous approaches to treatment of paravalvular 

prosthetic regurgitation have emerged recently. One of them is the Occlutech Paravalvular Leak Device. 

The aim of this study was to evaluate early and midterm outcomes of percutaneous paravalvular leak clo-

sure utilising a novel occluder.

Methods and results: Twenty-one consecutive symptomatic patients who had moderate or severe para-

valvular prosthetic regurgitation on transoesophageal echocardiography were included in the study. All the 

patients were clinically evaluated and found inoperable for surgery. They underwent transapical repair with 

the Occlutech Paravalvular Leak Device. The patients were followed for 17±5 months. Attempts were made 

to rectify 41 defects in 21 patients with 100% success. Mean procedure time was 76±40 min and fluoro-

scopy time was 44±37 min. Early post-procedural outcome was uneventful in all cases, with ≥1 grade 
reduction in regurgitation in all of the patients. There was no mortality during hospital stay. There was one 

case of haemothorax in one patient and one case of pneumothorax in another. Post-implantation 90-day 

follow-up data were obtained for 19 patients, and 12-month data were obtained for 12 patients. No deaths 

due to any cause, stroke or surgery for prosthetic impingement, worsening or relapse of paravalvular leak 

during follow-up were recorded. One patient underwent reintervention and was treated successfully with 

the same occluder 11 months after the index procedure.

Conclusions: The novel Occlutech Paravalvular Leak Device, which was designed specifically for mitral 

and aortic paravalvular regurgitation, is an additional, useful tool in the device armamentarium for the treat-

ment of PVL.

KEYWORDS

• aortic valve disease
• mitral valve disease
• valvular heart 

disease
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Conclusion

The novel Occlutech PLD®, which was designed specifically for mitral and
aortic paravalvular regurgitation, is an additional tool in the device
armamentarium for the treatment of PVL seems to satisfy the expectations of
a specifically designed PVL closure

EuroIntervention 2016; 11:1195-1200



• Between April 2012 and January 2015, prospective two-center study , 52 patients with
hemodynamically significant PVL underwent percutaneous closure. Group I (32):
closure with currently available devices (off-label); Group II (20): treated with new
specifically designed Occlutech PLD®

• Transapical approach was the most commonly used route for Group II
• Procedural success : 100% (29 of 29 leaks) in Group II

92% (39 of 42 leaks)  in Group I 
• More secondary events observed in Group I

With its high procedural success rate and encouraging outcome results, the Occlutech
PLD® seems to satisfy the expectations of a specifically designed PVL closure

Original Studies

A New Specific Device in Transcatheter Prosthetic
Paravalvular Leak Closure: A Prospective Two-Center Trial

Aydin Yildirim,1 MD, Omer Goktekin,2 MD, Sevket Gorgulu,3* MD, Tugrul Norgaz,3 MD,
Emre Akkaya,1 MD, Unal Aydin,4 MD, Hale Unal Aksu,1 MD, and Ihsan Bakir,4 MD

Background: This study sought to compare various outcomes among a new specifi-
cally designed transcatheter paravalvular leak closure (TPVLC) device and the devices
that are being utilized off-label. Methods: Between April 2012 and January 2015, in a
prospective two-center study, 52 patients who needed surgical reintervention due to a
hemodynamically significant prosthetic paravalvular leak were studied. This study pop-
ulation was divided into two groups. Group I was composed of 32 patients who under-
went paravalvular leak (PVL) closure with the currently available devices that are being
utilized off-label, while group II consisted of 20 patients who were treated with the new
specifically designed Occlutech PVL device. Results: Demographic and clinical varia-
bles indicated a higher rate of atrial fibrillation (P 5 0.027) and chronic obstructive air-
way disease (P 5 0.009) in group II. The apical approach was the most commonly used
intervention route used for group II (P 5 0.019). The procedural success rate was 100%
(29 of 29 leaks) in group II while the rate was 92% (39 of 42 leaks) in group I. However,
more secondary events were observed in group I, but they did not reach statistical sig-
nificance (8 vs. 1, P 5 0.064). Conclusions: With its high procedural success rate and
encouraging outcome results, the Occlutech device seems to satisfy the expectations
of a specifically designed PVL closure device. VC 2016 Wiley Periodicals, Inc.

Key words: specific device; prosthetic valve; paravalvular leak closure

INTRODUCTION

Paravalvular leak (PVL) is a common complication
after valve replacement surgery, with reported inciden-
ces of 2–17% at long-term follow-up period [1–3]. One
to three percent of patients with a PVL require reoper-
ation which has high morbidity and mortality rates
[4,5]. Furthermore, mortality increases progressively
with the number of reoperations: 13% after the first,
15% after the second, and 37% after the third [5].
Recently, transcatheter paravalvular leak closure
(TPVLC) has become a valid treatment alternative
with high success rates [6].

TPVLC was first reported in 1992 using the double
umbrella Rashkind device [7]. Since then, a multitude
of devices have been used to close paravalvular mitral
and aortic leaks and to treat such conditions as atrial
septal defect (ASD), ventricular septal defect (VSD),
and patent ductus arteriosus (PDA) [8–10]. However,
the devices that are currently employed are being uti-
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ü PVL closure technically challenging procedure: complex catheter techniques
and large interventional armamentarium, significant learning curve

ü For the high-risk symptomatic PVL patient, catheter closure is a viable
therapeutic alternative strategy to surgical PVL repair

ü Novel approaches to complex PVLs are now improving procedural success
and complication rates

ü Residual PV regurgitation is the key determinant of outcome !

Concluding Remarks (1)

Prosthetic Paravalvular Leaks



ü These procedures can be technically demanding, but are clearly facilitated by a
“team approach”

ü Requires multiple imaging modalities and the ability to visualize the 3D
relationships of intracardiac structures : a collaborative effort with a skilled
interventional team (interventionalist, echocardiographer skilled in 3D echo
and a CT specialist skilled in 4D reconstruction) and surgeons

Concluding Remarks (2)
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„Fusion imaging“

Biaggi P et al. Curr Cardiovasc Imaging Rep (2015) 8: 33

The „fusion“of different imaging modalities (e.g.TEE/Fluoro) 
may fascilitate the procedures

The “fusion” of different imaging 
modalities may facilitate the 

procedure ! 
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PARAVALVULAR LEAK TREATMENT BY DEDICATED NEW DEVICE 

29 Occlutech® PLD were implanted
in 21 patients from January 2015

Multi - Institutional Experience - Occlutech PLD®

• Santariskiu Klinikos, Vilnius - Lithuania (8)
• Centro Cardiologico Monzino, Milan – Italy (4)
• American Heart Institute, Nicosia - Cyprus (2)
• Centru Cardiovascular Monza, Bucarest - Romania (1)
• Humanitas Gavazzeni, Bergamo – Italy (1)
• Catholic Hospital, Campobasso (1)
• San Gaudenzio Clinic, Novara – Italy (1)
• San Michele Clinic, Maddaloni – Italy (1)
• Castle Hill Hospital, Cottingham - UK (1)
• CHU Charles Nicole, Rouen – France (1)
• National Heart Center – Budapest, Hungry (1)

Coordinating Investigator:  Eustaquio M. Onorato, MD,FSCAI



PARAVALVULAR LEAK TREATMENT BY DEDICATED NEW DEVICE 

Baseline Characteristics

21 patients implanted from January 2015 
all 15 mitral cases performed by trans-apical approach  

Age years (range) / (mean)                            43 - 88 / (67,7) 
female / male 4 / 17

Leak location

Aortic 6  (28,5%)

Mitral 15 (71,4%)

Mitral+Aortic 0 

Time from implant to repair (years) 11  (±5)



“A Multicenter International Follow-Up Study to Monitor 
the Efficacy and Safety of the Occlutech® Paravalvular

Leak Device (PLD) in Patients with Mitral or Aortic
Paravalvular Leaks” 

Round Oval Crescentic



Eustaquio Onorato, MD
Humanitas Gavazzeni Clinic
Bergamo, Italy

Clinical Research Manager

Thomas Schöndorf
Occlutech GmbH, Germany 

Sponsor

Occlutech International AB
Sweden

Revision / Date: Draft version 1/ 2016-JAN-12

“A Multicenter International Follow-Up Study to Monitor the Efficacy
and Safety of the Occlutech® Paravalvular Leak Device (PLD) in 

Patients with Mitral or Aortic Paravalvular Leaks” 

Shakeel Qureshi, MD
Evelina Children’s Hospital
London, UK

Coordinating investigators


