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Trans-catheter paravalvular leak closure: a single-centre experience
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Abstract
Introduction A significant paravalvular leak (PVL) is estimated in at least 1–3% of patients undergoing surgical aortic and/or
mitral valve replacement. Surgical repair of a PVL is associated with a 30-day mortality of approximately 10%. Percutaneous
closure of PVL has emerged as an alternative to surgical repair.
Aim We sought to examine the clinical outcomes of patients treated with percutaneous closure of PVL at an Irish tertiary referral
centre.
Methods A prospective registry was used to record patient and procedural characteristics at the time of the PVL procedure.
Medical records were retrospectively reviewed to assess clinical outcomes during the index hospitalisation and at follow-up.
Results A total of 26 PVL procedures were performed in 21 patients (mean age 68 ± 13 years, 76% male). Heart failure (HF),
haemolysis (HL) or a combination of both was the presenting symptoms in 62%, 24% and 14% of patients, respectively. In the
entire cohort, clinical success was achieved in 18 patients (86%). Clinical success was achieved more frequently when HF was
the clinical indication compared to HL (100% versus 66%). Among patients presenting with isolated HF (n = 13), the mean
NYHA class at baseline and follow-up was 2.5± 0.7 and 1.4± 0.7, respectively. Thirty-day mortality was 0%. There was one
(3.8%) major adverse procedural complication (stroke). A total of six deaths (28%) occurred during follow-up (22 ±
13.4 months).
Conclusions Patients with PVL represent a high-risk patient cohort. Percutaneous PVL offers a safe alternative to surgical PVL
repair and appears particularly effective in those patients who present primarily with HF.
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Background

Paravalvular leak (PVL) can be a serious and challenging
complication after surgical valve replacement and repair, or
percutaneous valve implantation. The reported incidence of
PVL is 7–17% post-mitral valve (MV) replacements, 5–10%
post-aortic valve (AV) replacements and up to 25% post-trans-

catheter aortic valve implantation (TAVI) [1–3]. Although
most PVLs are small and asymptomatic, larger PVLs causing
clinically significant heart failure and/or haemolysis can man-
ifest in 1–3% of patients [4, 5]. Left untreated, larger PVLs
have been associated with adverse cardiac outcomes [6, 7]. In
TAVI recipients, a residual moderate to severe PVL has been
shown to be associated with an increased risk of late mortality
[3].

Traditionally, PVL closure was achieved with repeat
sternotomy and valve replacement or repair.

Surgical re-intervention has been associated with signifi-
cant morbidity and mortality and a high risk of PVL recur-
rence [8–11]. Percutaneous closure of PVLs has emerged as a
less invasive strategy to traditional surgery, with lower com-
plications rates and acceptable rates of clinical success [12,
13].

We sought to assess the clinical outcomes in a consecutive
series of patients treated for PVL using percutaneous tech-
niques since the inception of a percutaneous programme for
PVL repair at an Irish tertiary referral hospital.
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Methods

Ethical approval for this study was obtained from the
Research Ethics Committee, Mater Misericordiae University
Hospital (Ref: 1/378/1881 TMR).

This was a retrospective observational study of all patients
treated with percutaneous techniques for PVL at the Mater
Misericordiae University and Mater Private Hospitals since
the inception of a percutaneous PVL repair programme in
2012. The decision to employ a percutaneous approach was
based on the outcome of the Heart Teammeeting. Clinical and
procedural data were prospectively entered into a database at
the time of the procedure. Clinical outcomes were assessed
based on a retrospective review of the medical record.
Echocardiographic data was evaluated based on a review of
echocardiographic studies and reports performed before, dur-
ing and after the PVL procedure.

Definitions

Definitions for this study are in keeping with prior similar
studies and a recent consensus statement defining outcomes
following PVL repair [12, 14, 15]. Heart failure was defined

as symptoms consistent with the New York Heart Association
(NYHA) functional class ≥ II. Anaemia (Hb < 10 mg/dL) was
considered to be haemolytic if other causes of anaemia were
excluded and the serum level of lactate dehydrogenase was
elevated ( >600 units/L). The degree of PVL was defined as
mild, moderate or severe. Technical success was defined as
successful deployment of an occlusive device across the
paravalvular leak without any interference with the valve
prosthesis, or acute conversion to surgery. Procedural success
was defined as technical success plus a significant reduction in
regurgitation (i.e. ≥ 1grade). Clinical success was defined as a
sustained improvement in NYHA by one or more functional
class and/or an improvement in mechanical haemolysis
allowing the patient to become transfusion free and improve
symptomatically.

Procedure

All procedures were performed under general anaesthesia.
Fluoroscopic and trans-oesophageal echocardiography
(TOE) guidance was employed in all procedures.
Supplementary transthoracic echocardiography (TTE) was
used frequently, particularly for aortic PVL cases. All

Fig. 1 Percutaneous aortic valve paravalvular leak closure. a Baseline
trans-oesophageal (TOE) (parasternal view) of the aortic valve (dashed
arrow) with colour Doppler showing multiple paravalvular leaks (arrows)
causing severe aortic regurgitation. Left ventricle (LV). b Fluoroscopic
image of the aortic valve (AV) during PVL procedure showing catheter
crossing the paravalvular defect (interrupted arrow) into the left ventricle

(LV). Trans-oesophageal echo probe (TOE). c Fluoroscopic image at the
completion of the PVL procedure showing four PVL plugs (interrupted
arrows) deployed around the aortic valve (AV). d Final TOE image
(parasternal view) with colour Doppler at completion of PVL procedure
showing residual trace PVL
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procedures were performed using anticoagulation with
unfractionated heparin to achieve a target activated clotting
time of > 250 s.

Aortic PVL A retrograde femoral artery approach was used in
all aortic PVL cases. A hydrophilic coated Terumo™
guidewire (Terumo Cardiovascular, Tokyo) supported by a
diagnostic catheter was passed retrogradely from the aorta
through the target PVL into the left ventricle allowing delivery
of a sheath through which an occluder device was delivered
and deployed across the PVL (Figs. 1a–d).

Mitral PVL The majority of mitral PVL cases were performed
using femoral venous access and trans-septal puncture
allowing access to the left atrium. The mitral PVL was then
crossed using an antegrade approach using a hydrophilic wire
that was directed toward the PVL using a range of steerable
Agilis™ sheaths (St. JudeMedical,Minnesota) and diagnostic
catheter types under TOE guidance. This allowed delivery of a
sheath into the left ventricle through which an occluder device

was delivered and deployed across the PVL (Fig. 2a–d). In
half of cases, the hydrophilic wire was advanced from the left
ventricle into the aorta and subsequently snared from the fem-
oral arterial access, creating an arteriovenous loop to facilitate
sheath delivery and device deployment (Fig. 2c). With the
assistance of a cardiothoracic surgeon, a single mitral case
was treated using trans-apical access in the left ventricle with
the PVL being crossed in a retrograde fashion from the left
ventricle into the left atrium.

Statistical analysis

Normally distributed data are presented as mean ± standard
deviation (SD) and non-Gaussian data are presented as medi-
an ± interquartile range (IQR). Categorical data are presented
as frequencies and percentages. Changes in PVL grade and
NYHA class (ordinal data) between baseline and following
attempted PVL closure were analysed using the Wilcoxon
rank test. Survival estimates with 95% confidence intervals
(CIs) were calculated using the Kaplan-Meier method.

Fig. 2 Percutaneous mitral valve paravalvular leak closure. a Baseline
trans-oesophageal (TOE) image of the mitral valve with colour Doppler
showing severe paravalvular regurgitation (dashed arrow) adjacent to
mechanical mitral valve (arrow). Left atrium (LA), left ventricle (LV). b
Three-dimensional TOE image of the mitral valve (MV) as viewed from
the left atrium showing a single large paravalvular leak (arrow) measuring
0.5 × 1 cm in diameter. c Fluoroscopic image during PVL procedure
showing creation of an arteriovenous (AV) loop to facilitate delivery of
paravalvular plug. The wire passed through the trans-septal sheath from

the femoral vein and across the PVL into the left ventricle and subse-
quently across the aortic valve into the descending thoracic aorta. This
wire was then externalised through the femoral artery completing the AV
loop. Trans-septal sheath (S), left ventricle (LV), ascending aorta (arrow
head), descending aorta (interrupted arrow). Trans-oesophageal echo
probe (TOE). d TOE of the aortic valve with colour Doppler at comple-
tion of PVL procedure showing PVL device in position (arrow) and a
trace of residual PVL (dashed arrow)
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Statistical analysis was performed using the IBM SPSS 20
statistical software.

Results

A total of 21 patients were included in the study. Of this group,
20 patients were treated for PVL involving a single valve
(either aortic or mitral) and one patient was treated for PVL
of both the mitral and aortic valves. Therefore, a total of 22
PVLs were treated. A total of four patients required a repeat
procedure following an initial failed attempt and the patient

with PVL involving two valves underwent staged procedures,
resulting in a total of 26 procedures for the cohort.

Patient factors

Baseline patient demographics are shown in Table 1. The
mean age was 68 ± 13 years and 80% of patients were male.
Most procedures were elective (86%). Heart failure without
haemolysis was the most common indication for attempted
PVL closure (62%). There was a fairly even representation
of the mitral and aortic valves as the target for PVL closure.
Mechanical valves were more commonly treated compared to
tissue valves (52.4% versus 33.3%). An Edwards Sapien XT

Table 1 Patient demographic and clinical variables

Total (n = 21), N (%) AV* (n = 12), N (%) MV* (n = 9), N (%)

Male 17 (80.1) 11 (91.2) 6 (66.7)

Age (mean ± SD) (years) 68 ± 13 64 ± 15 68 ± 10

Presentation

Elective 18 (86) 9 (75) 9 (75)

Urgent 3 (14) 3 (25) –

NYHA functional class** (n = 18, 12, 6)

Class II 8 (44.4) 7 (58.3) 1 (16.7)

Class III 9 (50) 4 (33.3) 5 (83.3)

Class IV 1 (5.5) 1 (8.3) –

Diabetes mellitus 5 (23.8) 1 (8.3) 4 (44.4)

Creatinine (> 200 μmol/L) 4 (19) 2 (16.7) 2 (22.2)

Anaemia (< 10 g/dl) 11 (52.3) 6 (50) 5 (55.5)

Left ventricular ejection fraction

≥ 40% 15 (71.4) 7 (58.3) 8 (88.9)

30–39% 4 (19) 3 (25) 1 (16.7)

< 30% 2 (9.5) 2 (16.7) –

Number of previous valve surgeries

1 16 (76.2) 9 (75) 7 (77.8)

2 3 (14.3) 2 (16.7) 1 (11.1)

≥ 3 2 (9.5) 1 (8.3) 1 (11.1)

Duration since last valve operation

Median [IQR] (years) 2.4 [0.9–5.1] 2.2 [0.9–4.5] 2.4 [0.9–5.8]

Principle indication for closure

Heart failure 13 (61.9) 10 (83.3) 3 (33.3)

Both haemolysis and heart failure 5 (23.8) 2 (16.7) 3 (33.3)

Haemolysis 3 (14) – 3 (33.3)

Valve type

Bioprosthesis 7 (33.3) 5 (41.7) 2 (22.2)

Mechanical prosthesis 11 (52.4) 5 (41.7) 6 (66.7)

TAVI 2 (9.5) 2 (16.7) –

Annuloplasty ring 1 (4.7) – 1 (16.7)

*One patient with staged closure of mitral and aortic PVLs, included in MV group only

**NYHA (New York Heart Association) class in patients with symptomatic heart failure (± haemolysis)

AV aortic valve, MV mitral valve, N number, SD standard deviation, IQR interquartile, first-third quartile, TAVI trans-catheter aortic valve implantation
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TAVI valve (Edwards LifeSciences, Irving, CA) was the target
in two patients (9.5%).

Procedural variables

Procedural variables are shown in Table 2. Closure devices
were successfully deployed in all patients undergoing aortic
PVL closure except for one patient who required a second
procedure to successfully treat the PVL. In the mitral cohort,
PVL closure devices were not deployed in two of the nine

patients during an initial attempt at PVL closure. In one of
the patients, successful deployment was subsequently
achieved using trans-apical access, and the second patient
was successfully treated using a trans-septal approach using
a large Occlulotech™ paravalvular leak device (PLD) that
was not available during the initial procedure. Therefore, ulti-
mately, PVL closure devices were deployed in all patients.

Table 2 Procedural variables (n = 26)

AV PVL (n = 14), N (%) MV PVL (n = 12), N (%)

Sheath size (French) [median [IQR]] 7 [6–10] 10 [8–12]

Number of defects targeted for closure (n = 44)

1 6 (42.8%) 8 (66.6%)

2 6 (42.8%) 1 (8.3%)

3 1 (7.1%) 1 (8.3%)

≥ 4 1 (7.1%) 2 (16.7%)

Deployment success

Yes 13 (92.8%) 10 (83.3%)

No (unable to cross defect with wire) – 1 (8.3%)

No (unable to cross defect with sheath) – 1 (8.3%)

Other* 1 (7.1%) –

Number of devices implanted (n = 47)

0 – 2 (16.7%)

1 4 (28.6%) 6 (50%)

2 7 (50%) 2 (16.7%)

3 2 (14.3%) 1 (8.3%)

4 1 (7.1%) 1 (8.3%)

Type of device implanted

AVP II 7 7

AVP III 12 12

AVP IV 1 4

Occulotech PLD – 1

Procedure time (minutes), median [IQR] 140 [90–210] 150 [140–200]

Screening Time (minutes), median [IQR] 45 [18–62] 53 [36–73]

Total x-ray dose (cGy cm2), median [IQR] 32,000 [9800–75,700] 31,500 [12,100–70,000]

AV aortic valve,MVmitral valve, PVL paravalvular leak, N number, TAVI trans-catheter aortic valve implantation, IQR interquartile range (first to third
quartile), AVP Amplatzer™ vascular plug (SJM, Plymouth, MN), PLD paravalvular leak device (Occlotech™, Jena, Germany). *Additional leak
identified; procedure abandoned due prolonged radiation exposure

Fig. 3 Leak severity before and after attempted percutaneous PVL
closure in 22 treated valves

Table 3 Procedure complications

Minor Major

Device embolisation requiring retrieval (n = 2) Stroke* (n = 1)

Pseudoaneursym of CFA (n = 1)
Acute limb ischaemia (n = 1)

VT requiring cardioversion (n = 1)

VT ventricular tachycardia, CFA common femora artery. *Stroke type—
internuclear ophthalmoplegia
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The mean number of PVL defects treated per procedure
was 1.8 ± 1.3 and the mean number of plugs used per proce-
dure was 1.7 ± 1.0 (range 0–4). With a single exception, vas-
cular plugs from the Amplatzer™ vascular plug family (AVP
II, III and IV) (St Jude Medical, Plymouth, MN) were the
devices used, with the AVP III being the most popular.
There was no significant difference in procedural times, x-
ray screening time and radiation dose between patients under-
going aortic or mitral PVL closure.

Procedural complications

Procedure complications are shown in Table 3. There were no
procedure-related deaths. A total of one major and five minor
procedure-related complications occurred.

One patient suffered an ischaemic stroke within 24 h of the
procedure which manifested clinically as an internuclear

ophthalmoplegia. Symptoms from this event resolved after
2 weeks. A single patient developed ventricular tachycardia
during a mitral PVL repair due to irritation of the left ventricle
from the interventional wire that required cardioversion. There
was no adverse consequence of this event. There were two
arterial access complications. A right common femoral artery
dissection caused by a suture-mediated closure device oc-
curred in one patient that resulted in acute limb ischaemia at
the completion of the PVL closure procedure. This was suc-
cessfully treated with endovascular intervention. A second
patient developed a small pseudoaneurysm of the left common
femoral artery which resolved with conservativemanagement.
Device embolisation occurred in two patients during the pro-
cedure. In one case, the device embolised to the left ventricle
and in the other patient, the device embolised to the right
common iliac artery. Both were successfully retrieved using
endovascular techniques with no adverse consequence.

Echocardiographic outcomes (22 treated valves)

Pre-procedure echocardiography demonstrated severe, moder-
ate and mild regurgitation in 8 (36%), 10 (45%) and 4 (18%)
cases, respectively. At most recent follow-up with echocardiog-
raphy, 16 (73%) patients had trivial or no visible regurgitation
of the treated valve, while 5 patients (23%) had mild regurgita-
tion and a single patient (4.5%) had moderate regurgitation.
Leak severity for the whole cohort significantly improved after
attempted percutaneous PVL occlusion (p < 0.001) (Fig. 3).

Clinical outcomes

Clinical success (i.e. improvement in NYHA class ≥ 1 and/
or effective treatment of haemolysis) was ultimately (i.e.
following repeat procedures when required) achieved in 18

Fig. 4 NYHA class before and after attempted percutaneous PVL closure
in 13 patients with isolated symptomatic heart failure

Fig. 5 The Kaplan-Meier esti-
mate of survival free from death
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of the 21 (86%) patient cohort. Among the patients with
isolated aortic PVL and isolated mitral PVL and the single
patient with combined aortic and mitral PVL, clinical suc-
cess was achieved in 10 (91%), 7 (78%) and 1(100%) pa-
tients, respectively.

Clinical success varied based on the clinical indication for
PVL closure. For patients with isolated heart failure, clinical
success was achieved in all 13 (100%) patients. The mean
NHYA class values at baseline were 2.5 ± 0.7 and 1.4 ±
0.7 at most recent follow-up (p < 0.001) (Fig. 4). In patients
with isolated haemolysis, clinical success was achieved in two
of three patients (66%); one patient ultimately required a sur-
gical valve replacement. No patient developed new
haemolysis requiring transfusion as a consequence of PVL
closure. In the group with both heart failure and haemolysis,
clinical success was achieved in three of five patients (60%),
with failure being caused by persistent haemolysis in one pa-
tient and intractable heart failure in the other.

Survival

The mean follow-up for the cohort was 22 ± 13.4 months.
There were no deaths within 30 days of the PVL procedure.
There were six deaths (28.6%), occurring at a mean of 16 ±
10 months following the final PVL procedure. The mecha-
nism of death was judged to be cardiac-related in five patients
and non-cardiac (infectious) in the remaining patient. In one
case, the death was felt to be directly related to failure to
successfully treat the PVL. This patient had a failed attempt
at mitral PVL closure for treatment of combined haemolysis
and heart failure. The patient had three prior mitral valve re-
placements and was not felt to be candidate for re-do surgery
and ultimately died from heart failure related to paravalvular
mitral regurgitation. A Kaplan-Meier plot for survival free
from all-cause mortality is shown in Fig. 5.

Discussion

This study reports the first published experience of percutane-
ous treatment of PVL at an Irish medical centre. In a modest-
sized cohort of 21 patients, clinical success was ultimately
achieved in 18 patients (86%), with no procedure-related mor-
tality and a low rate of complications.

Safety of percutaneous PVL closure

The current series underscores the safety of percutaneous PVL
closure.Most importantly, there were no deathswithin 30 days
of any attempted procedure in this cohort. This compares fa-
vorably with other larger series that have reported 30-day
mortality rates of 1.7–4.5% with percutaneous PVL closure
[11–13, 16]. Given that surgical series have reported 30-day

mortality rates for surgical PVL closure of 6.9–10.7%, it is not
surprising that percutaneous PVL closure is emerging as the
primary strategy of choice for patients with PVL, with surgical
PVL closure being reserved for those who fail or have unfa-
vorable anatomy for percutaneous PVL closure [9, 11].

The minor complications encountered in the series related
to two access site complications that were managed using
endovascular and conservative strategies, respectively, and
embolisation of two devices that were also retrieved percuta-
neously. A single patient required cardioversion for treatment
of ventricular tachycardia induced by a wire in the left ventri-
cle. The single stroke that occurred fortunately manifested as
an internuclear ophthalmoplegia with a resolution of neuro-
logical symptoms after 2 weeks. Overall, therefore, there were
no long-term adverse consequences of any of the minor or
major complications in this series.

Impact of clinical indication on clinical outcomes

Clinical success was achieved in all 13 of the patients with
heart failure as the clinical indication for PVL closure com-
pared to 5 of the 8 (63%) patients with either isolated
haemolysis or the combination of haemolysis and heart failure
as the clinical indication. This finding is consistent with prior
studies and underscores the technical challenge of treating
PVL-related haemolysis where complete or near-complete
seal of the PVL is often required to eliminate the jet causing
mechanical haemolysis [17, 18]. In treating PVL-related heart
failure, evenmodest reductions in the PVL are associated with
improvements in NYHA class. Hence, the bar for achieving
clinical success in this patient subgroup is easier to achieve.
This consideration also explains the lower clinical success rate
when treating mitral PVL compared to aortic PVL, since mi-
tral PVL is much more likely to cause haemolysis.

Complexity of PVL closure—a case for specialist
centres

Percutaneous PVL closure procedures are generally complex
with an average procedure time of nearly 2.5 h in this cohort.
While the majority of aortic cases are performed using a ret-
rograde approach using arterial access, and mitral cases are
performed using a trans-septal approach, a broad range of
interventional skills are required to deal with the range of
technical challenges that can arise in attempting percutaneous
PVL closure. For example, a trans-apical approach was re-
quired in one of the current cohort to allow closure of multiple
mitral PVLs that could not be accessed using the trans-septal
approach. The creation of an arteriovenous loop was required
in half of the mitral valve cohort in order to allow delivery of
the sheath across the PVL through which the PVL plug is
delivered. Percutaneous retrieval of two embolised devices
and endovascular management of one significant vascular
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access site complication also helped to mitigate the morbidity
of the procedure for the cohort. In addition to the technical
challenges outlined, all of the cases in the current cohort were
supported by high-level TOE imaging guidance that included
3D TOE during mitral PVL closure procedures.

The technical and imaging demands of percutaneous PVL
closure would strongly argue for centralisation of services in
the Irish context. Previous studies have clearly shown a learn-
ing curve with percutaneous PVL closure [19]. Although it
would be anticipated the adoption of percutaneous PVL clo-
sure will increase in time, it would be expected that procedural
volumes for this procedure in Ireland will remain modest, and
hence, concentration of experience to specialist referral cen-
tre(s) should help optimise patient outcomes.

Conclusions

This study documented the safety and efficacy of percutane-
ous PVL closure as a primary strategy for treatment of PVL at
a specialist referral centre in Ireland. Clinical success rates for
patients with heart failure as the presenting symptom were
superior to those with haemolysis as a significant component
of the clinical presentation.
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