
C L I N I C A L  R E S E A R C H
INTERVENT IONS  FOR  VALVULAR  D ISEASE  AND  HEART  FA ILURE

1140

E
uroIntervention 2

0
1

6
;11

:1140-1147  published online ahead of print N
ovem

ber 2
0

15
 

D
O

I: 10.4
2

4
4

/E
IJY1

5
M

1
1

_0
4

1140

© Europa Digital & Publishing 2016. All rights reserved.

*Corresponding author: Heart Center Bonn, Department of Medicine II, University Hospital Bonn, Sigmund-Freud-Str. 25, 
53105 Bonn, Germany. E-mail: jan-malte.sinning@ukb.uni-bonn.de

Balloon post-dilation and valve-in-valve implantation for the 
reduction of paravalvular leakage with use of the self-
expanding CoreValve prosthesis

Anja Stundl1, MD; Marie-Caroline Rademacher1, MD; Claire Descoups1, MD; 
Marcel Weber1, MD; Alexander Sedaghat1, MD; Matthias Grube1, MD; 
Christoph Hammerstingl1, MD; Fritz Mellert2, MD; Mariuca Vasa-Nicotera1, MD; 
Armin Welz2, MD; Eberhard Grube1, MD; Nikos Werner1, MD; Georg Nickenig1, MD; 
Jan-Malte Sinning1*, MD

1. Department of Medicine II, Heart Center Bonn, University Hospital Bonn, Bonn, Germany; 2. Department of Cardiac Surgery, 
Heart Center Bonn, University Hospital Bonn, Bonn, Germany

Abstract
Aims: The aims of the study were to evaluate balloon post-dilation (BPD) and valve-in-valve (ViV) 
implantation for the reduction of paravalvular leakage (PVL) in patients undergoing transcatheter aortic 
valve implantation (TAVI) with use of the self-expanding CoreValve prosthesis and to assess whether the 
aortic regurgitation (AR) index can be used to quantify the reduction of PVL by these corrective measures.

Methods and results: Angiography and the AR index were used to evaluate the severity of PVL before 
and after corrective measures in patients suffering from more than mild PVL. Corrective measures were 
performed in 44.7% (101/226 patients): BPD was performed in 85 patients and ViV implantation in 
16 patients, respectively. In 86% (87/101 patients), PVL reduction was successful (no or mild PVL). BPD 
increased the AR index from 19.1±11.0 to 25.9±5.8 (p<0.001) and ViV implantation from 17.6±6.4 to 
29.5±9.1 (p=0.008). One-year mortality (21.6% vs. 17.6% vs. 25.0%; p=0.69) and procedural stroke rate 
(2.4% vs. 2.4% vs. 0%; p=0.82) were not different between patients without corrective measures compared 
to patients who had undergone corrective measures (BPD or ViV).

Conclusions: BPD and ViV implantation are safe and effective to reduce PVL in TAVI patients. The AR 
index is useful to quantify the success of these corrective measures for PVL reduction objectively.
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Introduction
Transcatheter aortic valve implantation (TAVI) has become estab-
lished as an alternative treatment option for patients suffering 
from severe aortic stenosis with high risk or contraindication for 
surgical aortic valve replacement (SAVR)1,2. However, the occur-
rence of paravalvular leakage (PVL) caused by incomplete cir-
cumferential apposition of the prosthesis stent frame at the level of 
the aortic annulus due to calcifications, suboptimal placement of 
the prosthesis, and/or annulus-prosthesis size mismatch is a proce-
dure-related shortcoming of TAVI3-10.

Editorial, see page 1088

PVL has been documented in up to 70% of all patients under-
going TAVI11-14, whereas more than mild PVL has been reported 
in approximately 10-15% of all TAVI patients1,15-19. As significant 
PVL has a detrimental impact on short- and long-term mortal-
ity11,13-16,20-24, a multimodal approach combining invasive haemody-
namic measurements with determination of the aortic regurgitation 
(AR) index and non-invasive imaging modalities such as angio-
graphy and echocardiography seem to be useful to quantify the 
degree of PVL in the acute implantation setting immediately after 
deployment of the transcatheter heart valve (THV), and can be 
used to identify patients who might benefit from corrective meas-
ures. However, imaging modalities are limited due to, for exam-
ple, patient position in the cathlab, constraints on contrast dye 
use, and operator dependency. Objective, simple and reproducible 
quantification is needed in these situations but is frequently not 
easy to accomplish.

Balloon post-dilation (BPD) can reduce PVL by achieving 
a better expansion of the prosthesis stent frame and an optimal 
sealing of the paravalvular space. Valve-in-valve (ViV) implanta-
tion is another option to overcome significant PVL, especially if 
the implantation height turns out to be suboptimal13,25-30.

The aim of our study was to evaluate whether BPD and ViV 
implantation are effective and safe in patients undergoing TAVI 
with use of the self-expanding CoreValve® prosthesis (Medtronic, 
Minneapolis, MN, USA) and to assess whether the AR index can be 
used to quantify the reduction of PVL by these corrective measures.

Methods
PATIENT POPULATION AND TAVI PROCEDURES
From June 2011 to December 2013, 226 consecutive patients 
underwent TAVI using the self-expanding third-generation 
Medtronic CoreValve prosthesis (Medtronic) at the Heart Center 
Bonn and were included in this prospective registry. The deci-
sion for TAVI was made by the local Heart Team. The study was 
approved by the local ethics committee of the University of Bonn 
(no. 187/10), and all patients provided written informed consent.

All TAVI procedures were performed with biplane fluoroscopy 
under conscious sedation (except for the patients with transsub-
clavian [n=2] and transaortic [n=5] access). Therefore, the valve 
implantation itself was predominantly guided by angiographic con-
trol, while transoesophageal echocardiography (TEE) was only 
used to elucidate the aetiology of paravalvular AR in patients 

with more than mild AR and/or an AR index <25. From June 
2011 onwards, all TAVI patients at the Heart Center Bonn were 
treated according to a multimodal algorithm, which we recently 
proposed31,32. After valve deployment, the degree of PVL was rou-
tinely assessed by aortic root angiography (30 mL contrast dye at 
a flow rate of 14 mL/s) according to the visually estimated density 
of opacification of the left ventricle into three degrees adapted from 
the VARC-2 criteria: mild (reflow of contrast in the outflow tract 
and middle portion of the LV but clearing with each beat), mod-
erate (reflow of contrast in the whole left ventricular cavity with 
incomplete washout in a single beat and faint opacification of the 
entire LV over several cardiac cycles), and severe (opacification of 
the entire LV with the same intensity as in the aorta and persistence 
of the contrast after a single beat). In all patients, a 5 Fr pigtail 
catheter was placed 2 to 3 cm above the valvular plane.

In all patients, haemodynamics were assessed and the calcula-
tion of the AR index was performed to quantify the extent of PVL 
more precisely and to have a point of reference before corrective 
measures were taken. The dimensionless AR index is calculated 
according to the following formula: ([RRdia– LVEDP]/RRsys)×100 
approximately five to 10 minutes after valve deployment or cor-
rective measure to prevent confounding by an increased LVEDP 
due to myocardial ischaemia and/or diastolic dysfunction after 
rapid pacing and BPD. The AR index should be determined as 
the mean value over several cardiac cycles (especially in patients 
suffering from atrial fibrillation) with a heart rate of 60-80 bpm 
and without extrasystolic beats, since, with increasing heart rate 
and shortened duration of the diastole, the diastolic pressure in 
the aorta also increases and might thereby lead to a false negative 
AR index above the cut-off of 25. If the heart rate is below 60 due 
to high-degree atrioventricular block, pacing with a heart rate of 
60-70 bpm is recommended for the assessment of the AR index31.

In patients with more than mild angiographically detected PVL 
and/or an AR index <25, PVL was evaluated by echocardiogra-
phy, preferably TEE, to elucidate the cause of PVL and its mecha-
nism if not obvious on fluoroscopy (implantation depth, prosthesis 
frame expansion). In addition, to assess prosthesis frame expan-
sion on fluoroscopy, an extreme RAO cranial C-arm angulation 
was used to assure orthogonal projection of the CoreValve. This 
multimodal algorithm was used to identify patients who needed 
corrective measures such as BPD or ViV implantation to reduce 
the degree of paravalvular AR13,31. In patients with a proper 
implantation depth of the THV but suboptimal frame expansion, 
BPD was performed to obtain a better expansion of the prosthesis 
stent frame and a better sealing of the paravalvular space. In case 
of too shallow or too deep positioning of the THV or when BPD 
did not improve PVL, ViV implantation was considered31,32.

The primary endpoint of our study was the change of the AR 
index by BPD or ViV implantation for the reduction of PVL in 
patients undergoing TAVI with the use of the self-expanding 
CoreValve prosthesis. Secondary endpoints were the severity of 
PVL defined according to the VARC-2 criteria, all-cause mortality 
at one year, and stroke rate during the index hospitalisation.
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Statistical analysis
Data are presented as mean±standard deviation if normally dis-
tributed or as median and interquartile range if not normally dis-
tributed. Continuous variables were tested for normal distribution 
with the use of the Kolmogorov-Smirnov test. Categorical varia-
bles are given as frequencies and percentages. For continuous var-
iables, a Student’s t-test was performed for comparison between 
two groups. When comparing more than two groups, ANOVA or 
the Kruskal-Wallis test was used. For categorical variables, the 
χ2 test was used for further analysis. Survival according to the 
need for BPD or ViV implantation was determined by using the 
Kaplan-Meier method. Statistical significance was assumed when 
the null hypothesis could be rejected at p<0.05. Statistical analy-
ses were conducted with PASW Statistics, version 18.0.3 (IBM 
Corporation, Somers, NY, USA) and MedCalc, version 11.6.1.0 
(MedCalc Software, Mariakerke, Belgium).

The investigators initiated the study, had full access to the data, 
and wrote the manuscript. All authors vouch for the data and analysis.

Results
BASELINE CHARACTERISTICS
A total of 226 consecutive patients with a median EuroSCORE II 
of 5.9 (3.8 to 10.8), reflecting an increased risk for SAVR, under-
went TAVI in this prospective study. Baseline characteristics 
are summarised in Table 1. Patients were subdivided into three 
groups: patients without the need for corrective measures after ini-
tial deployment of the self-expanding THV (n=125) and those who 
had to undergo either BPD (n=85) or ViV implantation (n=16) due 
to significant PVL.

Patients with the need for BPD were significantly older, had 
higher STS scores, smaller aortic valve areas (AVA), higher mean 
pressure gradients, and higher NT-proBNP levels than patients 
without the need for corrective measures. ViV implantation 
patients had smaller AVAs and higher mean pressure gradients 
than patients without any intervention (Table 1).

PERIPROCEDURAL CHARACTERISTICS
Periprocedural characteristics of the study cohort are summarised 
in Table 2. The transfemoral route was used in 96.9% of the study 
cohort. An association of BPD or ViV implantation with pros-
thesis size, annulus dimensions, and cover index was not found. 
More importantly, the rate of predilation was not different between 
patients with BPD or ViV implantation and those without correc-
tive measures. The procedure time was significantly longer in 
patients undergoing valve-in-valve implantation.

CORRECTIVE MEASURES FOR THE REDUCTION OF 
PARAVALVULAR LEAKAGE
Following deployment of the CoreValve prosthesis, the severity 
of PVL was evaluated angiographically according to the visually 
estimated density of opacification of the left ventricle (Figure 1). 
No or mild AR was found in 46 patients (20.4%) and 83 patients 
(36.7%), respectively. However, a total of 97 patients (42.9%) 

Table 1. Baseline characteristics according to the need for 
corrective measures.

All 
patients 
(n=226)

No 
corrective 
measure 
(n=125)

Post-
dilation 
(n=85)

ViV 
implanta-

tion 
(n=16)

p-value

Age (years) 81.4±6.6 80.6±6.7 82.9±6.3 80.1±6.2 0.03

Male gender, n (%) 123 (54.4) 67 (53.6) 45 (52.9) 11 (68.8) 0.49

EuroSCORE II (%) 5.9 (3.8 to 
10.8)

6.3 (3.4 to 
11.2)

5.6 (3.9 to 
9.3)

6.3 (3.4 to 
10.3) 0.97

STS mortality score (%) 6.8 (4.4 to 
10.7)

6.3 (4.1 to 
10.3)

7.3 (5.4 to 
11.7)

6.2 (3.4 to 
9.6) 0.03

Body mass index (kg/m2) 25.4 (22.8 
to 28.5)

25.8 (23.4 
to 29.0)

24.0 (21.3 
to 27.8)

27.0 (24.9 
to 28.9) 0.02

Coronary artery disease, 
n (%) 160 (70.8) 85 (68.0) 63 (74.1) 12 (75.0) 0.59

Extracardiac arteriopathy, 
n (%) 111 (49.1) 68 (54.4) 39 (45.9) 4 (25.0) 0.07

Previous MI, n (%) 31 (13.7) 16 (12.8) 15 (17.6) 0 (0) 0.15

Previous PCI, n (%) 88 (38.9) 42 (33.6) 39 (45.9) 7 (43.8) 0.19

Previous cardiac surgery, 
n (%) 41 (18.1) 26 (20.8) 12 (14.1) 3 (18.8) 0.47

COPD, n (%) 62 (27.4) 34 (27.2) 23 (27.1) 5 (31.1) 0.94

Pulmonary hypertension, 
n (%) 75 (33.2) 40 (32.0) 28 (32.9) 7 (43.8) 0.64

Left ventricular EF (%) 51.6±14.7 51.1±15.6 51.8±13.3 53.6±14.7 0.80

Aortic valve area (cm2) 0.71±0.17 0.74±0.18 0.67±0.17 0.67±0.14 0.01

Pressure mean gradient 
(mmHg) 43.1±17.4 39.7±15.4 46.7±17.2 50.8±26.1 0.03

Chronic renal failure, n (%) 152 (67.3) 77 (61.6) 65 (76.5) 10 (62.5) 0.07

eGFR (mL/min/1.73 m2) 51.8±20.4 54.6±21.0 46.9±19.5 54.9±15.9 0.03

NT-proBNP (pg/mL) 3,502 
(1,458 to 
9,985)

3,016 
(1,096 to 
7,891)

5,018 
(1,780 to 
14,293)

3,302 
(1,465 to 
11,030)

0.05

Values are mean±SD, or median with interquartile range (quartile 1 to quartile 3). 
CABG: coronary artery bypass grafting; COPD: chronic obstructive pulmonary disease; 
EuroSCORE: European System for Cardiac Operative Risk Evaluation; eGFR: estimated 
glomerular filtration rate; MI: myocardial infarction; PCI: percutaneous coronary 
intervention; STS: Society of Thoracic Surgeons
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Figure 1. The severity of paravalvular leakage before and 
immediately after valve deployment and at the end of the TAVI 
procedure after corrective measures.
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suffered from more than mild PVL: moderate AR was detected in 
69 patients (30.5%) and severe AR in 28 (12.4%).

Due to significant PVL after initial deployment of the THV as 
detected by angiography in combination with the AR index, 44.7% 
(101/226 patients) underwent corrective measures for the reduction 
of paravalvular leakage (six patients without predilation who suf-
fered from mild-to-moderate PVL underwent BPD due to signifi-
cant frame underexpansion combined with an AR index <25). BPD 
was performed in 85 patients and ViV implantation in 16 patients, 
respectively. PVL reduction ≥1 degree was achieved in all patients 
with more than mild PVL so that no patient suffered from severe 
paravalvular AR. Finally, only 14 patients (6.2%) suffered from 
moderate paravalvular AR after these correction manoeuvres.

AR INDEX BEFORE AND AFTER CORRECTIVE MEASURES
Immediately following valve deployment, we determined an AR 
index of 20.2±11.9 in patients with moderate and of 15.5±6.5 in 
those with severe PVL. By the application of corrective measures 
for PVL reduction, the AR index could be increased to 26.3±5.1 
(p=0.003) and 26.3±8.1 (p<0.001) in these patients, respectively. 
Figure 2 shows that both corrective measures were effective: BPD 
increased the AR index from 19.1±11.0 to 25.9±5.8 (p<0.001) and 
ViV implantation from 17.6±6.4 to 29.5±9.1 (p=0.008).

Table 3. Clinical outcomes according to the need for corrective 
measures.

All 
patients 
(n=226)

No 
corrective 
measure 
(n=125)

Post-
dilation 
(n=85)

ViV 
implan-
tation 
(n=16)

p-value

30-day mortality, n (%) 12 (5.3) 6 (4.8) 4 (4.7) 2 (12.5) 0.41

1-year mortality, n (%) 46 (20.4) 27 (21.6) 15 (17.6) 4 (25.0) 0.69

Stroke, n (%) 5 (2.2) 3 (2.4) 2 (2.4) 0 (0) 0.82

Myocardial infarction, n (%) 2 (0.9) 1 (0.8) 1 (1.2) 0 (0) 0.89

Major vascular complications, 
n (%) 19 (8.4) 12 (9.6) 5 (5.9) 2 (12.5) 0.53

Pacemaker implantation, n (%) 32 (14.2) 20 (16.0) 10 (11.8) 2 (12.5) 0.63

More than mild PAR, n (%) 14 (6.2) 2 (1.6) 10 (11.6) 2 (12.5) 0.007

AR index <25, n (%) 66 (29.2) 27 (21.6) 34 (40.0) 5 (31.3) 0.02

PAR: paravalvular aortic regurgitation

Table 2. Periprocedural characteristics according to the need for 
corrective measures.

All 
patients 
(n=226)

No 
corrective 
measure 
(n=125)

Post-
dilation 
(n=85)

ViV 
implanta-

tion 
(n=16)

p-value

Access site 0.85

Transfemoral, n (%) 219 (96.9) 120 (96.0) 83 (97.6) 16 (100)

Transsubclavian, n (%) 2 (0.9) 1 (0.8) 1 (1.2) 0 (0)

Transaortic, n (%) 5 (2.2) 4 (3.2) 1 (1.2) 0 (0)

Prosthesis size 0.79

23 mm, n (%) 16 (7.1) 9 (7.2) 7 (8.2) 0 (0)

26 mm, n (%) 62 (27.4) 37 (29.6) 21 (24.7) 4 (25.0)

29 mm, n (%) 92 (40.7) 49 (39.2) 37 (43.5) 6 (37.5)

31 mm, n (%) 56 (24.8) 30 (24.0) 20 (23.5) 6 (37.5)

Annulus diameter, mm 23.7±2.6 23.4±2.6 23.9±2.6 24.6±2.0 0.15

Maximum diameter, mm 26.2±2.7 25.9±2.7 26.4±2.7 27.3±2.2 0.10

Minimum diameter, mm 20.5±2.3 20.3±2.2 20.7±2.4 20.8±2.1 0.45

Ellipticity index,% 1.28±0.11 1.28±0.12 1.28±0.09 1.32±0.13 0.42

Cover index,% 16.4±5.1 17.0±5.4 15.6±4.8 15.3±4.0 0.11

Predilation, n (%) 65 (28.8) 40 (32.0) 22 (25.9) 3 (18.8) 0.41

Procedure time, min 70 (54 to 
92)

67 (51 to 
96)

67 (54 to 
86)

96 (79 to 
132)

0.003

AR index <25, n (%) 66 (29.2) 27 (21.6) 34 (40.0) 5 (31.3) 0.02

AR index 28.8±7.2 30.4±7.1 26.4±6.6 29.7±8.2 <0.001

AR index: aortic regurgitation index calculated as ratio of the end-diastolic transvalvular 
gradient between diastolic blood pressure (RRdia) in the aorta and LVEDP to systolic blood 
pressure (RRsys) in the aorta: ([RRdia– LVEDP]/RRsys)×100.

Post-dilation ViV implantation

AR index before
AR index after

40

30

20

10

0

Figure 2. Aortic regurgitation index in patients with more than mild 
paravalvular leakage before and after balloon post-dilation (BPD) 
and valve-in-valve (ViV) implantation.

CLINICAL OUTCOMES AFTER POST-DILATION OR VALVE-IN-
VALVE IMPLANTATION
Clinical outcomes were not different between patients with or 
without corrective measures (Table 3): we found similar one-year 
mortality rates (21.6% vs. 17.6% vs. 25.0%; p=0.69) (Figure 3). 
Importantly, we did not find an increased stroke rate in patients 
after BPD or ViV implantation (2.4% vs. 2.4% vs. 0%; p=0.82). 
We found a higher rate of remaining more than mild PVL and 
AR indices <25 in patients after corrective measures, since only in 
these patients with significant PVL did corrective measures have 
to be taken. The 66 patients with a residual AR index <25 had 
a significantly higher one-year mortality compared to patients with 
an AR index >25 (31.8% vs. 15.6%; p=0.001). Residual more than 
mild PVL in 14 patients (50.0% vs. 17.6%, p=0.001) was also 
associated with a worse outcome than no or only mild PVL during 
the first year of follow-up after TAVI.
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Discussion
Our study demonstrates that both BPD and ViV implantation can 
effectively and safely reduce the severity of PVL in self-expand-
ing THVs when the initial result after deployment of the THV is 
not acceptable (Figure 4). The dimensionless AR index is a use-
ful parameter as a benchmark before any intervention to quantify 
the success of corrective measures thereafter (in addition to imag-
ing modalities). Moreover, reasonable use of BPD as a corrective 
measure for more than mild PVL and ViV implantation as a bail-out 
option for a suboptimally placed valve were both not associated with 
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Figure 3. One-year mortality according to the need for balloon 
post-dilation or valve-in-valve implantation compared to patients 
without the need for corrective measures.

Figure 4. The effect of balloon post-dilation or valve-in-valve implantation on the reduction of paravalvular leakage (PVL) and 
haemodynamics as assessed by the aortic regurgitation index.

an increased risk for cardiovascular complications such as stroke, 
coronary obstruction, or an increased one-year mortality risk.

BALLOON POST-DILATION
BPD has been intuitively utilised to reduce the degree of PVL after 
valve deployment during the TAVI procedure, especially in cases 
with frame underexpansion due to aortic root calcifications. So far, 
two studies with a post-dilation rate of 28 to 41% evaluated the 
effectiveness and safety of BPD in balloon-expandable THVs3,28. 
In two smaller series with use of the self-expanding CoreValve, up 
to 30% of the patients had to be post-dilated with a balloon aortic 
valvuloplasty catheter26,27. BPD has been predominantly performed 
due to suboptimal frame expansion attributable to incomplete 
circumferential apposition of the prosthesis to the native aortic 
annulus3-10. In our study cohort, BPD was applied in 38% of the 
patients undergoing TAVI with the use of the CoreValve pros-
thesis. Importantly, underexpansion of the prosthesis stent frame 
occurred independently from predilation of the native aortic valve 
in our series. Since patients with BPD had smaller AVAs, higher 
mean pressure gradients, and higher NT-proBNP levels, one might 
hypothesise that these patients suffered from a more advanced 
stage of aortic stenosis.

Several studies have hypothesised that the use of BPD might 
be associated with a higher rate of cardiovascular complications, 
such as prosthesis migration, conduction disturbances, annulus 
rupture, coronary obstruction, and cerebral embolism leading to 
stroke1,3,28,33,34. In contrast, our study demonstrated that BPD is not 
only an effective but also a safe option for PVL reduction in self-
expanding THVs, when the following recommendations are taken 
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into account. The size of the balloon for post-dilation should be 
adjusted to the aortic annulus dimension and should not exceed the 
mean diameter of the native aortic valve. For the CoreValve pros-
thesis, a straight valvuloplasty balloon with a maximum diameter 
up to 22, 25, 28, and 30 mm is recommended for the 23, 26, 29, 
and 31 mm CoreValve, respectively31.

VALVE-IN-VALVE IMPLANTATION
Implantation of a second prosthesis within the first has been sug-
gested as a bail-out manoeuvre to overcome the suboptimal too 
high or too deep initial device positioning ultimately to minimise 
the degree of significant paravalvular leakage31.

In earlier studies with the self-expanding CoreValve prosthesis, 
ViV implantation became necessary in up to 3% of the patients. 
The first prosthesis was then pulled with a snare catheter into 
the ascending aorta before deploying the second in the correct 
anatomic position35,36. In studies using the balloon-expandable 
Edwards prosthesis, ViV was also performed in approximately 3% 
of the patients by direct implantation of a second THV without 
prior retraction of the initially implanted valve37-39.

In our study cohort, using the CoreValve prosthesis, ViV implan-
tation was applied in 7% of the TAVI patients but – in contrast to the 
above-mentioned studies – the originally misplaced CoreValve pros-
thesis was left in situ and was not repositioned using a snare cath-
eter to retract the THV from the aortic annulus into the ascending 
aorta prior to the deployment of the second CoreValve prosthesis. 
We abandoned this strategy because snaring of an already placed 
valve is more or less unpredictable. Although this resulted in a sig-
nificant overlap of the pericardial skirts of both prostheses (for PVL 
reduction), we did not find a higher incidence of periprocedural 
myocardial infarction due to coronary artery obstruction or cardiac 
conduction abnormalities with consecutive permanent pacemaker 
implantation, as hypothesised by prior studies35,38. Thus, our study 
also demonstrates that ViV implantation leaving the first CoreValve 
in place without snaring is a safe option. Not surprisingly, only the 
procedure time was significantly prolonged compared to a TAVI 
procedure without any corrective measure or BPD only.

AORTIC REGURGITATION INDEX AS BENCHMARK
The aortic regurgitation index is an objective and reproducible 
parameter for the assessment of the severity of PVL during the 
TAVI procedure and should be used in addition to imaging modali-
ties such as angiography or TEE13,31. After validation in an inde-
pendent cohort, an AR index cut-off value of 25 has been shown 
to be an independent predictor of the one-year mortality risk after 
TAVI. Although an AR index <25 might partly be caused by the 
procedure-related elevated LVEDP, diastolic dysfunction, or a low 
diastolic aortic blood pressure before TAVI, this AR index cut-off 
value has a negative predictive value of 95% to 100% for the occur-
rence of more than mild PVL. In addition, the AR index depends on 
the heart rate. Therefore, it is recommended to perform the meas-
urements approximately five to 10 min after valve deployment to 
prevent confounding by an increased LVEDP due to myocardial 

ischaemia and/or diastolic dysfunction after rapid pacing and bal-
loon valvuloplasty as a mean value over several cardiac cycles 
(especially in patients with atrial fibrillation) with a heart rate of 
60 to 80 beats/min and without extrasystolic beats. Increased heart 
rate and shortened duration of the diastole result in a false negative 
AR index31. However, this applies to all imaging modalities in use.

Our study demonstrates for the first time that the AR index 
may also serve as a point of reference before corrective measures 
are applied, and, decisively, the AR index helps to predict and to 
quantify the success of these interventions. Both BPD and ViV 
implantation increased the AR index significantly.

Study limitations
Sample size and the single-centre character are limitations of our 
study. For further verification and generalisation of our results, 
larger studies are needed, especially to confirm the safety and effi-
cacy of BPD in routine use. Furthermore, our findings are based 
on the experience with the self-expanding CoreValve prosthesis, 
which may limit their applicability to other transcatheter heart 
valves. Finally, the impact of balloon dilation for valve deploy-
ment or that of post-dilation on the long-term durability of THV 
should be elucidated in ongoing large registries.

As already mentioned above, the AR index might be confounded 
by high systemic blood pressure, concomitant diastolic dysfunc-
tion, myocardial ischaemia during and after valve deployment or 
BPD as well as the use of catecholamines during the procedure, 
something which might lead to an increase of LVEDP leading to 
false positive AR indices. Likewise, the heart rate and its undeni-
able influence on the diastolic aortic blood pressure affects the AR 
index. To prevent confounding and ensure reproducible haemo-
dynamic measurements, one has to follow the recently published 
and above-mentioned recommendations for the assessment of the 
AR index31.

Conclusions
Balloon post-dilation and valve-in-valve implantation are safe and 
effective treatment options to reduce the severity of paravalvular 
leakage following deployment of the self-expanding CoreValve 
prosthesis. To assess the success of BPD or ViV implantation 
objectively, the aortic regurgitation index can be used as a bench-
mark before and after the intervention.

Impact on daily practice
Paravalvular leakage (PVL) as a procedure-related shortcom-
ing of TAVI is caused by incomplete circumferential apposition 
of the prosthesis stent frame at the level of the aortic annulus. 
Balloon post-dilation and valve-in-valve implantation are safe 
and effective treatment options to reduce the severity of para-
valvular leakage following deployment of the self-expanding 
CoreValve prosthesis. To assess the success of BPD or ViV 
implantation objectively, the aortic regurgitation index can be 
used as a benchmark before and after the intervention.



1146

E
uroIntervention 2

0
1

6
;11

:1140-1147

Conflict of interest statement
J.M. Sinning, E. Grube, G. Nickenig, and N. Werner receive 
research grants and speaker honoraria from Medtronic and 
Edwards Lifesciences. E. Grube works as a proctor for Medtronic. 
The other authors have no conflicts of interest to declare.

References
 1. Smith CR, Leon MB, Mack MJ, Miller DC, Moses JW, 
Svensson LG, Tuzcu EM, Webb JG, Fontana GP, Makkar RR, 
Williams M, Dewey T, Kapadia S, Babaliaros V, Thourani VH, 
Corso P, Pichard AD, Bavaria JE, Herrmann HC, Akin JJ, 
Anderson WN, Wang D, Pocock SJ; PARTNER Trial Investigators. 
Transcatheter versus surgical aortic-valve replacement in high-risk 
patients. N Engl J Med. 2011;364:2187-98.
 2. Leon MB, Smith CR, Mack M, Miller DC, Moses JW, 
Svensson LG, Tuzcu EM, Webb JG, Fontana GP, Makkar RR, 
Brown DL, Block PC, Guyton RA, Pichard AD, Bavaria JE, 
Herrmann HC, Douglas PS, Petersen JL, Akin JJ, Anderson WN, 
Wang D, Pocock S; PARTNER Trial Investigators. Transcatheter 
aortic-valve implantation for aortic stenosis in patients who cannot 
undergo surgery. N Engl J Med. 2010;363:1597-607.
 3. Daneault B, Koss E, Hahn RT, Kodali S, Williams MR, 
Généreux P, Paradis JM, George I, Reiss GR, Moses JW, Smith CR, 
Leon MB. Efficacy and safety of postdilatation to reduce paraval-
vular regurgitation during balloon-expandable transcatheter aortic 
valve replacement. Circ Cardiovasc Interv. 2013;6:85-91.
 4. Détaint D, Lepage L, Himbert D, Brochet E, Messika-
Zeitoun D, Iung B, Vahanian A. Determinants of significant para-
valvular regurgitation after transcatheter aortic valve: implantation 
impact of device and annulus discongruence. JACC Cardiovasc 
Interv. 2009;2:821-7.
 5. Ewe SH, Ng AC, Schuijf JD, van der Kley F, Colli A, Palmen M, 
de Weger A, Marsan NA, Holman ER, de Roos A, Schalij MJ, Bax JJ, 
Delgado V. Location and severity of aortic valve calcium and impli-
cations for aortic regurgitation after transcatheter aortic valve implan-
tation. Am J Cardiol. 2011;108:1470-7.
 6. Koos R, Mahnken AH, Dohmen G, Brehmer K, Günther RW, 
Autschbach R, Marx N, Hoffmann R. Association of aortic valve 
calcification severity with the degree of aortic regurgitation after 
transcatheter aortic valve implantation. Int J Cardiol. 2011;150: 
142-5.
 7. Haensig M, Lehmkuhl L, Rastan AJ, Kempfert J, Mukherjee C, 
Gutberlet M, Holzhey DM, Mohr FW. Aortic valve calcium scoring 
is a predictor of significant paravalvular aortic insufficiency in 
transapical-aortic valve implantation. Eur J Cardiothorac Surg. 
2012;41:1234-40.
 8. Colli A, D’Amico R, Kempfert J, Borger MA, Mohr FW, 
Walther T. Transesophageal echocardiographic scoring for tran-
scatheter aortic valve implantation: impact of aortic cusp calcifica-
tion on postoperative aortic regurgitation. J Thorac Cardiovasc 
Surg. 2011;142:1229-35.
 9. Stähli BE, Maier W, Corti R, Lüscher TF, Jenni R, Tanner FC. 
Aortic regurgitation after transcatheter aortic valve implantation: 

mechanisms and implications. Cardiovasc Diagn Ther. 2013;3: 
15-22.
 10. Petronio AS, Giannini C, De Carlo M. Mechanisms and pre-
diction of aortic regurgitation after TAVI. EuroIntervention. 2012;8 
Suppl Q:Q18-20.
 11. Athappan G, Patvardhan E, Tuzcu EM, Svensson LG, 
Lemos PA, Fraccaro C, Tarantini G, Sinning JM, Nickenig G, 
Capodanno D, Tamburino C, Latib A, Colombo A, Kapadia SR. 
Incidence, predictors, and outcomes of aortic regurgitation after 
transcatheter aortic valve replacement: meta-analysis and system-
atic review of literature. J Am Coll Cardiol. 2013;61:1585-95.
 12. Gotzmann M, Lindstaedt M, Mugge A. From pressure over-
load to volume overload: aortic regurgitation after transcatheter 
aortic valve implantation. Am Heart J. 2012;163:903-11.
 13. Sinning JM, Hammerstingl C, Vasa-Nicotera M, Adenauer V, 
Lema Cachiguango SJ, Scheer AC, Hausen S, Sedaghat A, 
Ghanem A, Müller C, Grube E, Nickenig G, Werner N. Aortic 
regurgitation index defines severity of peri-prosthetic regurgitation 
and predicts outcome in patients after transcatheter aortic valve 
implantation. J Am Coll Cardiol. 2012;59:1134-41.
 14. Van Belle E, Juthier F, Susen S, Vincentelli A, Iung B, 
Dallongeville J, Eltchaninoff H, Laskar M, Leprince P, Lievre M, 
Banfi C, Auffray JL, Delhaye C, Donzeau-Gouge P, Chevreul K, 
Fajadet J, Leguerrier A, Prat A, Gilard M, Teiger E; FRANCE 2 
Investigators. Postprocedural aortic regurgitation in balloon-
expandable and self-expandable transcatheter aortic valve replace-
ment procedures: analysis of predictors and impact on long-term 
mortality: insights from the FRANCE2 Registry. Circulation. 
2014;129:1415-27.
 15. Abdel-Wahab M, Zahn R, Horack M, Gerckens U, Schuler G, 
Sievert H, Eggebrecht H, Senges J, Richardt G; German transcath-
eter aortic valve interventions registry investigators. Aortic regurgi-
tation after transcatheter aortic valve implantation: incidence and 
early outcome. Results from the German transcatheter aortic valve 
interventions registry. Heart. 2011;97:899-906.
 16. Moat NE, Ludman P, de Belder MA, Bridgewater B, 
Cunningham AD, Young CP, Thomas M, Kovac J, Spyt T, 
MacCarthy PA, Wendler O, Hildick-Smith D, Davies SW, Trivedi U, 
Blackman DJ, Levy RD, Brecker SJ, Baumbach A, Daniel T, 
Gray H, Mullen MJ. Long-term outcomes after transcatheter aortic 
valve implantation in high-risk patients with severe aortic stenosis: 
the U.K. TAVI (United Kingdom Transcatheter Aortic Valve 
Implantation) Registry. J Am Coll Cardiol. 2011;58:2130-8.
 17. Rajani R, Kakad M, Khawaja MZ, Lee L, James R, Saha M, 
Hildick-Smith D. Paravalvular regurgitation one year after tran-
scatheter aortic valve implantation. Catheter Cardiovasc Interv. 
2010;75:868-72.
 18. Yan TD, Cao C, Martens-Nielsen J, Padang R, Ng M, 
Vallely MP, Bannon PG. Transcatheter aortic valve implantation for 
high-risk patients with severe aortic stenosis: A systematic review. 
J Thorac Cardiovasc Surg. 2010;139:1519-28.
 19. Yared K, Garcia-Camarero T, Fernandez-Friera L, Llano M, 
Durst R, Reddy AA, O’Neill WW, Picard MH. Impact of aortic 



1147

E
uroIntervention 2

0
1

6
;11

:1140-1147

Corrective measures in CoreValve patients

regurgitation after transcatheter aortic valve implantation: results 
from the REVIVAL trial. JACC Cardiovasc Imaging. 2012;5: 
469-77.
 20. Kodali SK, Williams MR, Smith CR, Svensson LG, Webb JG, 
Makkar RR, Fontana GP, Dewey TM, Thourani VH, Pichard AD, 
Fischbein M, Szeto WY, Lim S, Greason KL, Teirstein PS, 
Malaisrie SC, Douglas PS, Hahn RT, Whisenant B, Zajarias A, 
Wang D, Akin JJ, Anderson WN, Leon MB; PARTNER Trial 
Investigators. Two-year outcomes after transcatheter or surgical 
aortic-valve replacement. N Engl J Med. 2012;366:1686-95.
 21. Rodes-Cabau J. Transcatheter aortic valve implantation: cur-
rent and future approaches. Nat Rev Cardiol. 2012;9:15-29.
 22. Sinning JM, Ghanem A, Steinhäuser H, Adenauer V, 
Hammerstingl C, Nickenig G, Werner N. Renal function as predic-
tor of mortality in patients after percutaneous transcatheter aortic 
valve implantation. JACC Cardiovasc Interv. 2010;3:1141-9.
 23. Tamburino C, Capodanno D, Ramondo A, Petronio AS, 
Ettori F, Santoro G, Klugmann S, Bedogni F, Maisano F, 
Marzocchi A, Poli A, Antoniucci D, Napodano M, De Carlo M, 
Fiorina C, Ussia GP. Incidence and predictors of early and late mor-
tality after transcatheter aortic valve implantation in 663 patients 
with severe aortic stenosis. Circulation. 2011;123:299-308.
 24. Webb JG, Wood DA. Current status of transcatheter aortic 
valve replacement. J Am Coll Cardiol. 2012;60:483-92.
 25. Himbert D, Pontnau F, Messika-Zeitoun D, Descoutures F, 
Détaint D, Cueff C, Sordi M, Laissy JP, Alkhoder S, Brochet E, 
Iung B, Depoix JP, Nataf P, Vahanian A. Feasibility and outcomes 
of transcatheter aortic valve implantation in high-risk patients with 
stenotic bicuspid aortic valves. Am J Cardiol. 2012;110:877-83.
 26. Takagi K, Latib A, Al-Lamee R, Mussardo M, Montorfano M, 
Maisano F, Godino C, Chieffo A, Alfieri O, Colombo A. Predictors 
of moderate-to-severe paravalvular aortic regurgitation immedi-
ately after CoreValve implantation and the impact of postdilatation. 
Catheter Cardiovasc Interv. 2011;78:432-43.
 27. Schultz C, Rossi A, van Mieghem N, van der Boon R, 
Papadopoulou SL, van Domburg R, Moelker A, Mollet N, 
Krestin G, van Geuns RJ, Nieman K, de Feyter P, Serruys PW, de 
Jaegere P. Aortic annulus dimensions and leaflet calcification from 
contrast MSCT predict the need for balloon post-dilatation after 
TAVI with the Medtronic CoreValve prosthesis. EuroIntervention. 
2011;7:564-72.
 28. Nombela-Franco L, Rodés-Cabau J, DeLarochellière R, 
Larose E, Doyle D, Villeneuve J, Bergeron S, Bernier M, Amat-
Santos IJ, Mok M, Urena M, Rheault M, Dumesnil J, Côté M, 
Pibarot P, Dumont E. Predictive factors, efficacy, and safety of bal-
loon post-dilation after transcatheter aortic valve implantation with 
a balloon-expandable valve. JACC Cardiovasc Interv. 2012;5: 
499-512.
 29. Eggebrecht H, Doss M, Schmermund A, Nowak B, Krissel J, 
Voigtländer T. Interventional options for severe aortic regurgitation 

after transcatheter aortic valve implantation: balloons, snares, 
valve-in-valve. Clin Res Cardiol. 2012;101:503-7.
 30. Webb JG, Binder RK. Post-dilating transcatheter heart valves. 
JACC Cardiovasc Interv. 2012;5:513-4.
 31. Sinning JM, Vasa-Nicotera M, Chin D, Hammerstingl C, 
Ghanem A, Bence J, Kovac J, Grube E, Nickenig G, Werner N. 
Evaluation and management of paravalvular aortic regurgitation 
after transcatheter aortic valve replacement. J Am Coll Cardiol. 
2013;62:11-20.
 32. Sinning JM, Werner N, Nickenig G, Grube E. Challenges in 
transcatheter valve treatment: aortic regurgitation after transcathe-
ter aortic valve implantation. EuroIntervention. 2013;9 Suppl:S72-6.
 33. Daneault B, Kirtane AJ, Kodali SK, Williams MR, 
Genereux P, Reiss GR, Smith CR, Moses JW, Leon MB. Stroke 
associated with surgical and transcatheter treatment of aortic steno-
sis: a comprehensive review. J Am Coll Cardiol. 2011;58:2143-50.
 34. Schaff HV. Transcatheter aortic-valve implantation--at what 
price? N Engl J Med. 2011;364:2256-8.
 35. Gerckens U, Latsios G, Mueller R, Buellesfeld L, John D, 
Yuecel S, Sauren B, Felderhof T, Iversen S, Grube E. Procedural 
and mid-term results in patients with aortic stenosis treated with 
implantation of 2 (in-series) CoreValve prostheses in 1 procedure. 
JACC Cardiovasc Interv. 2010;3:244-50.
 36. Ussia GP, Barbanti M, Ramondo A, Petronio AS, Ettori F, 
Santoro G, Klugmann S, Bedogni F, Maisano F, Marzocchi A, 
Poli A, Napodano M, Tamburino C. The valve-in-valve technique 
for treatment of aortic bioprosthesis malposition an analysis of inci-
dence and 1-year clinical outcomes from the italian CoreValve reg-
istry. J Am Coll Cardiol. 2011;57:1062-8.
 37. Toggweiler S, Wood DA, Rodés-Cabau J, Kapadia S, 
Willson AB, Ye J, Cheung A, Leipsic J, Binder RK, Gurvitch R, 
Freeman M, Thompson CR, Svensson LG, Dumont E, Tuzcu EM, 
Webb JG. Transcatheter valve-in-valve implantation for failed bal-
loon-expandable transcatheter aortic valves. JACC Cardiovasc 
Interv. 2012;5:571-7.
 38. Makkar RR, Jilaihawi H, Chakravarty T, Fontana GP, 
Kapadia S, Babaliaros V, Cheng W, Thourani VH, Bavaria J, 
Svensson L, Kodali S, Shiota T, Siegel R, Tuzcu EM, Xu K, 
Hahn RT, Herrmann HC, Reisman M, Whisenant B, Lim S, 
Beohar N, Mack M, Teirstein P, Rihal C, Douglas PS, Blackstone E, 
Pichard A, Webb JG, Leon MB. Determinants and outcomes of 
acute transcatheter valve-in-valve therapy or embolization: a study 
of multiple valve implants in the U.S. PARTNER trial (Placement 
of AoRTic TraNscathetER Valve Trial Edwards SAPIEN 
Transcatheter Heart Valve). J Am Coll Cardiol. 2013;62:418-30.
 39. Giri J, Bortnick AE, Wallen T, Walsh E, Bannan A, Desai N, 
Szeto WY, Bavaria J, Herrmann HC. Procedural and clinical out-
comes of the valve-in-valve technique for severe aortic insuffi-
ciency after balloon-expandable transcatheter aortic valve 
replacement. Catheter Cardiovasc Interv. 2012;80:139-47.


