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(Medtronic, Dublin, Ireland) and Edwards Sapien™ valve (Edwards Lifesciences, Irvine, CA, USA)]. For a
decade, studies have reported an increasing risk of infective endocarditis (IE) after PPVI; as patients for
PPVI are usually younger, even a low annual incidence of IE is important. However, the overall incidence
and potential differences between the valves remain unclear.

léfljévgg;f;tis Methods: A systematic literature search was performed in the databases Medline, Cochrane Library, and
Pulmonary valve implantation Embase including the clinical trials register. The aim was to summarize and compare the cumulative
Percutaneous pulmonary valve incidence of IE after PPVI. Using a sensitivity analysis we set the incidence rates of the two valve types in
implantation ratio with a normal population.

Melody valve Results: Atotal of 967 publications were identified searching for “pulmonary valve implantation,” “PPVI,”
Sapien valve and 47 publications were used for final analysis. A total 3616 patients with Melody™ valves and 501 with

Sapien™ valves were included. IE after PPVI occurred in 214 patients with Melody® valves and in
5 patients only with Sapien™ valves. The pooled incidence for Melody® and Sapien™ valves was 4.9%
(95% CI: 3.6-6.2) and 1.3% (95% CI: 0.3-2.3), respectively. Chi-square test was significant. The sensitivity
analysis showed that the incidence rate ratio was 252.1 (95% Cl: 187.6-338.6) for Melody™ valves and for
Sapien™ valves 2.7 (95% CI: 0.8-9.2).
Conclusions: At present, there is an important difference for the risk of IE after PPVI. To reduce the risk of
post PPVI endocarditis, a careful valve selection in favor of the Sapien™ valves seems to be beneficial.
© 2019 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.
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Introduction relatively young group of patients, who have a correspondingly

In 2000, Philipp Bonhoeffer implanted the first pulmonary
heart valve (Melody® valve, Medtronic, Dublin, Ireland) in a child
via cardiac catheterization in France [1]. According to the
manufacturer, more than 12,000 Melody® pulmonary valves have
since then been implanted worldwide up to the end of 2017 [2]. It is
well known that cardiac catheterization is less invasive than open-
heart surgery, which requires a thoracotomy and cardiopulmonary
bypass. Therefore, this intervention is an attractive alternative to
surgery for patients with a dysfunctional pulmonary valve [3]. Most
patients with right ventricular outflow tract pathology require
multiple interventions or surgeries during their lifetime due to the
limited long-term function of the biological valve systems.
Percutaneous pulmonary valve implantation (PPVI) is therefore
considered to be one of the greatest achievements in pediatric
cardiology and for treatment of congenital heart disease [4].

Currently, two percutaneous pulmonary valve systems are
commonly available and approved for interventional PPVI in the
USA (Food and Drug Administration) and Europe (CE): the
Melody® valve and the Edwards Sapien™ valves (Edwards
Lifesciences, Irvine, CA) (Fig. 1). The Melody® valve has been used
in Europe since September 2006 with restricted access and was
commonly available from 2010 onwards. The Sapien™ valve has
been CE certified and has been available since May 2010.

Patients with the indication of PPVI are recruited from the
group of congenital heart defects such as tetralogy of Fallot,
pulmonary atresia, truncus arteriosus, and after Rastelli-type
surgery or after Ross operation for aortic valve replacement. These
patient cohorts continue to have an increased risk for infective
endocarditis (IE) due to the underlying heart defects, previous
operations, and the implanted biological valve material and
therefore require a prophylaxis against IE with a given indication
[5]. In addition, the pulmonary valves are mostly implanted in a
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Fig. 1. lllustration of different Melody® and Sapien™ valves [67,68].

high cumulative risk of IE due to their expected lifespan.

The aim of the study was to determine the incidence of IE after
PPVI, to analyze data from a meta-analysis, and, if possible, to
detect differences between the two approved types of valves.

Materials and methods
Material

The Melody® and Sapien™ valves are implanted today
predominantly by using a generally accepted and uniform
technique. The Melody™® valve is technically designed to achieve
a final inside diameter of 18, 20, and 22 mm. The Sapien™ valves
have outer diameters of 20, 23, 26, and 29 mm (Fig. 1) [6].

Search strategy and study selection

We searched for the search term combination “pulmonary valve
implantation” or “PPVI” in the Embase, MEDLINE, and Cochrane
libraries and using the clinical trials register. In addition, we
performed a manual search in the bibliography. The period was
between 01/2000 and 12/2018. The study selection was carried out
by three scientists, who decided on the inclusion of the study
according to the defined study population.

Definition of the study population

This review included intervention and cohort studies when
reporting targetIE and PPVI using the Melody® valve and/or Sapien™
valve. Excluded were narrative reviews and case reports (n < 5 cases)
that did not allow an estimate of the incidence or reported the use of
the valves in mitral, tricuspid, and aortic positions.

Sapien X3 Valve
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Data extraction

From each study, first author, publication year, country, median
age, time period, follow-up time, perspective, and case number
were extracted into a table. The methodology is based on the
established recommendations for systematic reviews and meta-
analysis: PRISMA (Preferred Reporting and Meta-Analysis) and
MOOSE (Meta-analysis of Observational Studies in Epidemiology)
[7,8].

Statistical analysis

The effect sizes were measured with cumulative incidences and
relative risks. We calculated pooled risk proportions and the 95%
confidence intervals (CI). The cumulative incidence was deter-
mined as the ratio between new IE and the number of patients after

interventional pulmonary valve implantation. In the case of zero
events, a correction of 0.5 was added to observed events. The
extent of heterogeneity was examined using I? statistics. A random
effects model was chosen because study populations differ in
terms of number of participants and follow-up periods [9].

For the sensitivity analysis we multiplied the number of
months of follow-up by the sample size for the Melody® and
Sapien™ valves to obtain the total number of person-months
of follow-up. The study-specific rate of events per person-
month for each valve was then the total number of events
divided by the total number of person-months of observation
for each arm [10]. At 0 events a distribution was assumed as in
the normal population. To get relative risks this annual
incidence rate was then multiplied by 100,000 and compared
to the IE incidences in the general population reported from
the Danish registry [11].

n=967
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Medline records =324
Cochrane Library =2
Clinical Trials Register=43
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Fig. 2. Process of the systematic literature search.



Table 1
Included cohort studies.

00T

First author (year) [reference] Country Age Period Time (month) Perspective n PY IR/100,000 PY Events Time to IE Severity stage Microorganism
Melody valve exposure
Armstrong 2014 [13] USA 20 2007-2010 12 Pro 100 100 3000 3 3 ABX=2, OP=1 S. aureus=2, GN=1
Bensemlali 2017 [14] France 16 2000-2015 46 Pro 11 42 7115 3 ABX=1, OP=2 -
Biernacka 2015 [15] Poland 25 2008-2012 20 Pro 26 43 9231 4 - OP=4,D=1 -
Borik 2015 [16] Canada 20 2005-2011 54 Pro 51 230 436 1 60 OP=1 GP=1
Buber 2013 [17] USA 19 2007-2012 19 Retro 147 233 1719 4 13 ABX=3,0P=1,D=2 Staph=1, Strep=2, HACEK=1
Butera 2013 [18] Italy 24 2007-2010 30 Pro 61 153 1311 2 2,5 OP=2 S. aureus=2
Cheatham 2015 [19] USA 19 2007-2014 54 Pro 150 675 2074 14 ABX=6,CC=8,D=1 -
Cheung 2013 [20] Denmark 25 2006-2012 27 Retro 42 95 6349 6 18 ABX=4,0P=2,D=1 Staph=1, S. aureus=2, Strep=3
Cools 2015 [21] Belgium 19 2006-2014 12 Retro 112 112 7143 8 16 ABX=6,CC=2,0P=2 S. aureus=1, Strep=3, GP=1, HACEK=3
Eicken 2011 [22] Germany 21 2006-2010 12 Pro 102 102 980 1 6 OP=1 S. aureus=1
Fiszer 2017 [23] Poland 18 2009-2016 35 Pro 44 128 8 0 - -
Fraisse 2014 [24] France 21 2008-2010 54 Pro 64 288 1389 4 26 OP=3,D=2 Staph=2, Strep=1; -
Gewillig 2016 [25] Belgium 21 2006-2015 108 Retro 206 1854 755 14 - OP=4
Gillespie 2012 [26] USA 26 2007-2012 12 Retro 104 104 1923 2 16 OP=2 -
Haas 2018 [27] Germany 13 2010-2015 50 Retro 29 121 4966 6 29 ABX=3,CC=3 Staph=2, S. aureus=4
Hascoet 2017 [28] France 25 2008-2016 60 Retro 32 160 5000 8 22 ABX=1, CC=2, Staph=1, S. aureus=3, Strep=1, GP=2,
OP=4,D=1 HACEK=1
Hascoet 2018 [29] France 12 2008-2016 20 Retro 14 23 8 0 - -
Hill 2017 [30] USA - 2010-2015 54 Retro 244 1098 1548 17 12 - -
Khambadkone 2005 [31] UK 16 2000-2004 10 Retro 59 49 2034 1 - OP=1 -
Kuo 2017 [32] USA 15 2012-2015 24 Retro 19 38 8 - -
Lurz 2008 [33] UK 21 2000-2007 28 Retro 155 362 1382 5 5 ABX=2, OP=3 S. aureus=1, Strep=1, GP=3,
Malekzadeh-Milani [34] France 40 2008-2016 43 Pro 365 1217 3534 43 31 ABX=27,CC=7, Staph=7, S. aureus=12, Strep=16, GP=5,
OP=6,D=3 GN=4
Markham 2017 [35] Australia 34 2009-2016 29 Retro 17 41 8 -
McElhinney 2013 [36] USA 19 2007-2009 24 Pro 311 622 2572 16 16 ABX=8, CC=2, S. aureus =5, Staph=5, Strep=6, GN=1
OP=4,D=2
Nordmeyer 2014 [37] Germany 21 2006-2013 12 Retro 694 694 2305 19 - - -
O’Donell 2017 [38] New Zealand 18 2009-2015 36 Retro 25 75 5333 4 43 ABX=1,0P=3 S. aureus=1, Staph=2, Strep=1
Oechslin 2018 [39] CH 28 2008-2016 43 Pro 29 104 8 - - - -
Solana Gracia [40] Spain 13 2007-2016 4 Retro 81 196 2043 4 15 ABX=1, 0P=3 Strep=3, HACEK=1
Tanase 2018 [41] Germany 21 2006-2017 47 Retro 215 824 2063 17 33 ABX=8,0P=8,D=1 S. aureus=5, Staph=4, Strep=4, GP=2,
HACEK=1, GN=1
Van Dijck 2015 [42] Belgium 14 1989-2013 78 Retro 107 696 1150 8 16 ABX=2, OP=6 S. aureus=1, Strep=3, GP=1, HACEK=3
Sapien valve exposure
Biernacka 2015 [15] Poland 25 2008-2012 20 Pro 14 23 8 - -
Boone 2010 [43] USA 19 2006-2009 22 Retro 7 13 8 -
Demkov 2014 [44] Poland 28 2011-2012 2 Pro 10 2 8 -
Gagliardi 2016 [45] Italy 18 2011-2013 18 Pro 8 12 8 -
Haas 2013 [6] Germany 22 2007-2010 6 Pro 22 11 8 -
Haas 2018 I [46] Germany 29 2014-2016 24 Retro 46 92 8 -
Haas 2018 1I [27] Germany 16 2000-2015 60 Pro 44 121 8 -
Hascoet 2017 1 [28] France - 2011-2016 12 Retro 47 47 8 -
2018 11 [47] France 28 2016-2018 17 Pro 82 18 8 -
Kenny 2018 [48] USA 27 2008-2014 36 Pro 79 237 1266 3 2 ABX=3 Staph=2, HACEK=1
Odemis 2013 [49] Turkey 14 2007-2010 30 Pro 14 35 8
Oechslin 2018 [39] CH 28 2008-2016 43 Pro 4 14 8 -
Pilati 2011 [50] Italy 19 2010-2011 3 Pro 7 2 8 -
Plessis 2018 [51] France 27 2011-2017 12 Pro 71 71 1408 1 - OP=1 -
Tanase 2018 [41] Germany 22 2006-2017 36 Retro 1 40 8 -
Vollroth 2015 [52] Germany - 2011-2017 - Retro 13 26 3846 1 - OP=1 S. aureus=1
Wilson 2015 [53] USA 34 2007-2014 30 Retro 25 62 8 -

50Z-261 (610Z) #2 AS0j01pIp) Jo [puinof/ v 32 1ouyat 'y

ABX, only antibiotic treatment; CC, cardiac catheterization; CH, Switzerland; D, death; GN, other Gram-negative bacteria; GP, other Gram-positive bacteria; HACEK, Haemophilus species, Aggregatibacter species, Cardiobacterium
hominis, Eikenella corrodens, and Kingella species; IE, infective endocarditis; OP, explantation by surgery; pro, prospective; retro, retrospective; S. aureus, Staphylococcus aureus; Staph, other staphylococcus bacteria; Strep,
streptococcus.
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Incidence rate ratio (IRR) is the proportion of the IE cases
divided by person time and the IE cases in a normal population by
person time. The graph of the rate ratios was plotted on a log scale
[12]. The analysis was done using Open Meta-Analyst 1.0 software
and Microsoft Excel.

Results
Enrollment

Based on the literature search, 967 (924 databases and
43 clinical trials register) potential relevant references could be
identified. After the first sighting 915 (299 duplicates and
616 records) could be excluded. This was followed by the
evaluation of the 60 full texts. After hand searches 11 studies
were additionally included. A total of 24 reviews were excluded. Of
the included studies, 30 studies reported Melody® valves and
17 studies on Sapien™ valves. A total of 47 studies were finally
considered relevant for this analysis (Table 1) [13-53] (Fig. 2).

Meta-analysis of cohort studies

In total, 3616 patients were treated with Melody® valves and
501 with Sapien™ valves (Fig. 3). While patients with Melody™
valves reported 214 IE cases, those with Sapien™ valves had only
5 cases. The pooled incidence of Melody®-PPVI was 4.9% (95% CI:
3.6-6.2) and 1.3% for Sapien™ valves (95% CI: 0.3-2.3) (Fig. 3).

a) Melody Studies

Estimate (95% C.I.) Ev/Trt
Amstrong 2014 0.030 (0.000, 0.063)  3/100  —@—
Benselali 2015 0.273 (0.010, 0.536)  3/11
Biemacka 2015 0.154 (0.015, 0.293)  4/26 _—
Bork 2015 0.020 (0.000, 0.058)  1/51 -
Buber 2014 0.027 (0.001, 0.054) 47147  ——
Butera 2012 0.033 (0.000, 0.077)  2/61 ——
Cheatham 2015 0.093 (0.047, 0.140) 147150 R
Cheung 2013 0.143 (0.037, 0.249)  6/42 —
Cools 2016 0.071 (0.024, 0.119)  8/112 —
Eicken 2011 0.010 (0.000, 0.029) 1/102 -
Fiszer 2017 0.011 (0.000, 0.042)  0/44 -
Fraisse 2014 0.062 (0.003, 0.122)  4/64 .
Gewillig 2016 0.068 (0.034, 0.102) 14/206 —-—
Gillespie 2012 0.019 (0.000, 0.046)  2/104  —f—
Haas 2017 0.207 (0.059, 0.354)  6/29 e
Hascoet 2017 0.250 (0.100, 0.400)  8/32
Hascoet Il 2018 0.033 (0.000, 0.124)  0/14 B
Hil 2017 0.070 (0.038, 0.102) 17/244 -
Khambadkone 2005 0.017 (0.000, 0.050)  1/59 -
Kuo 2017 0.025 (0.000, 0.093)  0/19 —a——
Lurz 2008 0.032 (0.004, 0.060)  5/155 —a
Malekzadeh-Milani 11 2018 0.118 (0.085, 0.151) 43/365 —a—
Markham 2017 0.028 (0.000, 0.104)  0/17 —
McElhinney 2013 0.051 (0.027, 0.076) 16/311 ——
Nordmeyer 2014 0.027 (0.015, 0.040) 19/694 E 3
O'Donell 2017 0.160 (0.016, 0.304)  4/25 —
Oechsiin 2018 0.017 (0.000, 0.062)  0/29 -
Solana-Gracia 2018 0.049 (0.002, 0.097)  4/81 S
Tanase 2018 0.079 (0.043, 0.115) 17/215 —-—
Van Dijck 2015 0.075 (0.025, 0.125)  8/107 —
Overall (12=68.22 % , P<0.001) 0.049 (0.036, 0.062) 214/3616
o o1 02 03 04 05
Cumulative incidence
Sapien Studies
Estimate (95% C.I.)  EV/Trt  _L g
Biemacka 2015 0.033 (0.000, 0.124) 0/14 i
Boone 2010 0.062 (0.000, 0.230) 0/7 i
Demkov 2014 0.045 (0.000, 0.169) 0/10 iy
Gaglardi 2016 0.056 (0.000, 0.205) /8 -
Haas 12013 0.022 (0.000, 0.081) 0/22 -
Haas 11 2017 0.010 (0.000, 0.036)  0/51 g
Hazs 111 2018 0.011 (0.000, 0.040) o/4 g
Hascoet 2017 0.010 (0.000, 0.039) 0/47 i
Hascoet 1 2018 0.006 (0.000, 0.023) 0782 -
Kenny 2018 0.038 (0.000, 0.080) 3/79
Odemis 2013 0.062 (0.000, 0.230) 0/1 ol
Oechsiin 2018 0.100 (0.000, 0.363) 0/a £
Pilati 2011 0.062 (0.000, 0.230) 077 R
Plessis 2018 0.015 (0.000, 0.043) 1/68 - —
Tanase 2018 0.042 (0.000, 0.155) 0/11 I —
Voliroth 2015 0.077 (0.000, 0.222) 1/13
Wison 2015 0.019 (0.000, 0.072) 0/25
Overall (1"220 % , P=0.993)  0.013 (0.003, 0.023) 5/501
3 01 02 03 04 05

Cumulative incidence

201

Chi-square test was significant. There was however a notable
variation in the reports of IE in the Melody® studies. The largest
Incidence of IE was 27%; only 5 studies [15,27,28,39,41] did not
observe IE cases.

There are five retrospective studies comparing the Sapien™
and Melody® valves within a well-defined cohort and where
complete follow-up samples were compared. Hascoét et al. [28]
evaluated 32 Melody® and 47 Sapien™ patients. IE occurred in
eight patients who received a Melody® valve. Haas et al. [27]
compared 29 Melody™® valves with 51 Edwards® valves and could
show a significant difference for the risk of IE (6/29 vs. 0/51).
Biernacka et al. [15] also described 4 IE cases in 26 implemented
Melody™® valves. No cases were reported for the 14 Sapien™ valves.
Oechslin et al. [39] reported no IE at all. Tanase et al. [41] observed
no IE event for Sapien valves but 17 of 215 events for Melody valves.

The sensitivity analysis (figure) showed that the incidence rate
ratio was 252.1 (95% CI: 187.6-338.6) for Melody™® valves and for
Sapien™ valves 2.7 (95% CI: 0.8-9.2).

Regarding the interval period between valve implantation and
onset of IE the two valves differed significantly. While the mean
interval for the Melody® valves was 20 + 16 months, the IE in the
Sapien® valves occurred after only 2 months. In general, IE after
Sapien™ implantation appeared within one year. Kenny et al. [48]
reported that three events occurred in two patients post-
procedure. The time interval to the first IE event following
implantation was 25, 51, and 71 days. Plessis [51] and Vollroth [52]
gave no information about the time to IE; this may be explained by

®

b) Sensitivity Analysis

Studies Estimate (95% C.I.)

Armstrong 2014 375.000 (187.374, 750.505) .
Bensemiali 2015 889.375 (444.626, 1778.997) —
Biernacka 2015 1153.875 (576.909, 2307.864) ——
Borik 2015 54.500 (27.085, 109.665) B

Buber 2014 214.875 (107.291, 430.335) — .

Butera 2012 163.875 (81.785, 328.360) — -

Cheatham 2015 259.250 (129.484, 519.063) — .

Cheung 2013 793.625 (396.739, 1587.545) — .
Cools 2016 892.875 (446.376, 1785.995) g
Eicken 2011 122.500 (61.093, 245.631) —a—

Fiszer 2017 48.750 (24.209, 98.167) —

Fraisse 2014 173.625 (86.661, 347.855) —.

Gewilig 2016 94.375  (47.027, 189.395) R —

Gilespie 2012 240.375 (120.045, 481.322) —

Haas 2017 620.750 (310.280, 1241.882) .
Hascoet 2017 625.000 (312.405, 1250.379) —
Hascoet 11 2018 267.875 (133.798, 536.308) — .

Hill 2017 193.500 (96.601, 387.596) [ —
Khambadkone 2005 254.250 (126.984, 509.065) B S

Kuo 2017 164.500 (82.098, 329.610) ——

Lurz 2008 172.750 (86.224, 346.106) —
Malekzadeh-Milani 11 2018 441.750 (220.757, 883.971) T —
Markham 2017 152.125 (75.909, 304.866) —.

McEhinney 2013 321.500 (160.617, 643.531) .
Nordmeyer 2014 288.125 (143.926, 576.798) -

O'Donell 2017 666.625 (333.223, 1333.609) —
Oechslin 2018 60.125 (29.898, 120.912) B

Solana-Gracia 2018 255.375 (127.547, 511.315) D

Tanase 2018 257.875 (128.797, 516.313) o

Van Dijck 2015 143.750 (71.720, 288.120) ——

Overall (1*2=81.6 % , P<0.001) 252.115 (187.579, 338.856)

E) w0 200
Relative Risk (log scale)

Studies Estinate (95% C.I.)

Biemacka 2015 1.000  (0.375,  2.664) —

Boone 2010 1.000 (0.375,  2.664) —

Dermkov 2014 1.000  (0.375,  2.664) —

Gagliardi 2016 1.000  (0.375, 2.664) —

Haas | 2013 1.000  (0.375,  2.664) —

Haas I1 2017 1.000 (0.375, 2.664) —

Haas Il 2018 1.000 (0.375, 2.664) —

Hascoet 2017 1.000 (0.375, 2.664) —

Hascoet Il 2018 1.000 (0.375, 2.664) |

Kenny 11 2018 156.250 (76.972, 317.113) ——

Odennis 2013 1.000  (0.375,  2.664) | —

Oechslin 2018 1.000  (0.375,  2.664) -

Pilati 2011 1.000  (0.375,  2.664) —

Plessis 2018 176.000 (87.849, 352.604) —

Tanase 2018 1.000  (0.375,  2.664) —

Volroth 2015 480.750 (240.262, 961.952) ——

Wison 2015 1.000  (0.375, 2.664) —

Overall (1"2=96.85% , P<0.001)  2.664 (0771, 9.205) ~ ————l =
— T —— T n
T2 5w w0 200

) 0w
Relative Risk (log scale)

Fig. 3. (a) Forest plots of endocarditis incidence after Melody and Sapien™ pulmonary valve implantation. With a correction of 0.5 in studies with zero events. (b) Forest plots
of the comparison of incidence rates after Melody and Sapien™ pulmonary valve implantation with a general population reported from the Danish registry [11].
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Table 2
Patient characteristics.

Melody (n=3616) Sapien (n=501)

Mean age 21+6 23+5
Mean Follow up 35422 months 23416 months
IE events (cumulative incidence) 214 (4.9%) 5(1.3%)

n=155 n=2
Time to IE 20416 months 2+ 0 months
Severity stage of IE patients n=176 n=>5
Only antibiotic treatment 43% 60%
Cardiac catheterization 15% -
Explantation by surgery 34% 40%
Death 8% -
Types of bacteria n=141 n=4
Staphylococcus aureus 28% 25%
Other Staphylococcus 18% 50%
Streptococcus 31% -
HACEK 7% 25%
Other Gram-positive bacteria 11% -
Other Gram-negative bacteria 5% -

IE, infective endocarditis.

the fact that the infection after Sapien®™ implantation could be
caused during the implantation process whilst the IE in Melody®
valves could be caused by bloodstream infections and a specific
susceptibility of this valve type later on.

In 43% of IE cases after Melody®™ procedure, antibiotics were
sufficient. In one-third (34%) an explantation was required by
surgery, in 15% by an interventional heart catheter. Eight percent of
the IE patients died. Regarding the Sapien® valves in only three
events information is provided. These IE patients were managed by
antibiotic therapy only after Sapien®™ procedure, suggesting a mild
degree of severity [48].

The analysis of causative microorganisms demonstrates that
the infection with Staphylococcus aureus pathogen is widespread. A
total of 141 events reported causative microorganisms. Almost half
(46.1%) of IE after Melody® implantation was triggered by
staphylococci. Of these, 40 pathogens (28.4%) were S.
aureus. One third (44/31.2%) of these events were due to
streptococci.

Regarding the pathogen after Sapien® implantation, it should
be noted that four bacteria were identified. Vollroth [52] reported a
case of S. aureus. Kenny [48] identified two staphylococci, and one
HACEK bacteria. Plessis does not provide any information
regarding the causative microorganism (Table 2).

Discussion

To the best of our knowledge, this review is the most
comprehensive meta-analysis on this important topic published
so far. Based on the data analysis reviewed here, there was a clear
evidence to suggest that IE after PPVI was less common with
Sapien™ valves than after implantation of a Melody®™ valve.

The estimated incidence of 4.9% after Melody®™-PPVI is
consistent with the increasing number of other published reviews.
The observation time for Sapien™ valves is more than seven years
and 501 reported treatments have been identified. In general there
was only sparse information about IE in patients with Sapien™
valves, the general incidence was very low and only five cases are
published so far [48,51,52]. In order to determine the highest
possible incidence of IE for Sapien™ valves, all available study
registries were also searched and may therefore even overestimate

the incidence as compared to the Melody®™ valves. This low
incidence may further support the results of this meta-analysis to
carefully select the type of valve and to avoid IE cases.

Unfortunately, little updated population-based evidence exists
for the incidence of IE in the general population, and the existing
data report conflicting results with incidence rates ranging
between 1.4 and 16 per 100,000 person years [11]. The Italian
population-based study by Fedeli et al. including 1873 subjects
hospitalized for IE reported an increased incidence rate of IE of
4.9 per 100,000 person-years in 2011 [54].

The dates of Erichsen et al. [11] are most recent and are derived
from a European registry. As most of the reports cited here are from
Europe or a comparable medical setting, we have used these data
in our sensitivity analysis.

These results are particularly relevant, as the cumulative risk of
IE is especially important with increasing age of younger patients
in addition to the individual exposure.

Possible explantations

To date, the causes of this accumulation of IE or a possible
increased susceptibility of one valve in contrast to the other is
unclear. As the general implantation technique does not differ for
both valves, this influence can be omitted.

In both valves, the biological substitutes are fixed into a stent
and the biological valve portion of both pulmonary valves is
derived from bovine material. While the Melody® valve is
harvested from a calf's vein and then preserved almost untreated
(see Contegra® Graft), the leaflets of the Sapien™ valves are
manufactured from bovine pericardium and treated with a special
descaling and denaturing technique [53]. This treatment method
could cause a general reduction in the susceptibility of bacteria to
colonize this valve.

Some studies have already shown that the bovine Contegra®™
graft has an increased IE risk compared to other surgical implants
[55,56]. Van Dijck et al. [42] found in a large national cohort study
an increased risk of IE for the same biological substrate
(Contegra® Conduit and Melody® valve) when related to
homografts. Haas et al. [27] could demonstrate a significantly
increased IE risk for Contegra® conduits and Melody® valves
when compared to other biological pulmonary valve substrates
(i.e. homografts, Sapien™ valves, and Hancock valves). Jalal et al.
[57] compared in vitro the bacterial adherence of different
bacterial species to the biological substrates of the Melody® valve
versus the Sapien™ valve; in this study a significant difference
was found in favor of the Sapien™ valve material. Thus, the
biological substrate of the Melody® valve appears to be more
susceptible to IE than other materials [58].

Another possible reason for IE might be varying blood flow
patterns, as observed by Malekzadeh-Milani et al. [34]. The
authors were able to relate IE in Melody® valves to a
discontinuation of aspirin and consecutive thrombosis formation.
It may be speculated that with the larger diameters of the
Sapien™ valves there may be less turbulence and therefore a
lower risk of thrombosis; maximal flow velocities measured by
ultrasound and published so far do however not differ; therefore
it seems unlikely that the size difference plays a role in the
occurrence of IE.

The Melody® valve design has remained unchanged since its
introduction (Fig. 1). The Sapien™ valves have changed their
external design based on the requirements of the aortic valve
market. The biological material however remained the same.
Initially, the Sapien™ valve was introduced into the market,
followed by the Sapien XT™ with modified stent material, and
finally the Sapien X3™ valve with additionally modified stent
design and outer design. Sapien™ and Sapien XT™ are approved
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for pulmonary use; today the Sapien 3™ is increasingly used on an

off-label basis for PPVI; CE registration was expected in 2018.
Evaluation of the quality of the included studies

In general, the validity of observational studies may be judged
limited. There are particular shortcomings due to the retrospective
and one-arm study designs. Randomized-controlled studies are
considered the gold standard and would therefore be important for
the future. In this analysis, only seven multi-arm studies were
identified in the literature search [15,27,28,34,39,41,42].

In the included studies a recall bias is possible in which cases
may have been overlooked or forgotten, especially as some studies
are based on a retrospective study design. This seems however
unlikely as PPVI is a relatively new treatment strategy that usually
attracts special attention and documentation.

While no cases of IE were reported in 14 out of 17 included
Sapien™ studies, only 5 out of 30 Melody™® trials did not detect IE.
There are limitations in these studies due to the small samples of
14, 17,19, 29, and 44 participants [23,29,32,34,39]. This limitation
also applies to some of the Sapien™ studies. The three included
studies by Haas et al. [6,27,46] are not considered to be duplicate
publications as different Sapien™ valve types and patient cohorts
were described.

Although the review finds clear evidence that an increased
number of IE cases is associated with Melody® valves, the
statement is nevertheless based on heterogeneous observational
studies with sometimes only small samples. So, although the
difference between Sapien™ and Melody® valves in terms of IE is
statistically significant and reflects clinically important results, the
meta-analysis results are not yet comprehensive enough to
evaluate all safety-related areas. To obtain a differentiated picture
of the effectiveness and side effects of the two valves, multi-arm
studies would be necessary.

Further reviews

Other reviews also show an increasing number of IE cases for
the Melody® valves [59,60]. In 2015, Amat-Santos et al. [61]
estimated the pooled annual incidence of IE at 2.2%, and it was
calculated by Uebing and Rigby [62] at 2.5%. In 2015, Cardoso et al.
[63] estimated the pooled incidence at 2.9%. One year later,
Chatterjee et al. [64] published an incidence of 3.1% and Sharma
et al. [65] 7.5%.

The research groups also compared percutaneous to surgi-
cally implanted pulmonary valves. Cardoso et al. [63] identified
stent fractures as one of the most common complications of
Melody®-PPVI. The authors estimated this risk at 12.9%. Surgical
repair, however, became necessary in just 1.5%. Re-interventions
were necessary in 10% in percutaneous procedures and surgical
explantations in 4.6% of implantations. For the authors the
benefits of percutaneous procedures outweigh these potential
risks. Amat-Santos et al. [61] concluded with regard to IE that
although the aseptic conditions are less strict than in surgical
procedures, the incidence in PPVI is similar to that seen in
surgical procedures. According to Chatterjee et al. [64]
implantations of percutaneous pulmonary valves are judged
to be safe. The incidence of potential complications was
estimated at 8.8%.

Due to the high number of IE cases, however, much more is
reported about Melody®™ valves than for Sapien™ valves. Abdel-
ghani et al. [66] calculated similar results about the time to IE or
the causative microorganism after Melody valve implantation.
Their distribution of the main bacteria was staphylococci (42%) and
streptococci (30%). Abdelghani et al. [66] also confirmed that there
is a significant difference for the risk of IE after PPVI especially

using Melody® valves; hence, their statement that the use of
Sapien™ valves seems to be beneficial.

Evaluation of other safety-relevant target variables

The quality of the previously published reviews is however
limited because the literature was partly selectively researched.
Nevertheless, the reviews report pooled incidences and are
therefore presented here.

Another limitation of the previous reviews is that there is not
always a distinction between Melody® and Sapien™ pulmonary
valves. Accordingly, a detailed subgroup analysis is lacking.
Statements about the differences between other safety-relevant
outcomes such as re-intervention, stent breakage, and mortality
are therefore not conclusive.

Evidence-based recommendation for PPVI

There is no consensus in the guidelines on the type of valve that
should be used for PPVI [3,60]. Based on experience and general
agreement, only biological valves are used as primary choice in
pulmonary position. If the implantation of these valve systems is
technically possible, percutaneous pulmonary valves are today an
alternative to surgical pulmonary valve implantation, and they are
increasingly being used. However, the current guideline of the
German Society for Pediatric Cardiology (DGPK) points out that the
risk of IE after implantation of these valve systems may be higher
than after surgical pulmonary artery implantation with e.g. a
homograft [3]. Thus, besides concerns about the overall longevity
of catheter-based valves, there is also criticism due to the
potentially increased IE risk. Nevertheless, surgical reoperations
or multiple reoperations are generally associated with an increased
morbidity and mortality risk.

Compared to surgical procedures, minimally invasive cardiac
catheterization offers many advantages. This includes a shorter
recovery time, or the reduction of the number of cardiopulmonary
bypass procedures. The studies on IE after PPVI published in recent
years now clearly show a positive trend toward Sapien™ valves
when compared to Melody® valves [27,28].

Conclusions

PPVI is the treatment of choice wherever feasible in patients
with a relevant pathology of the right ventricular outflow tract.
Since all biological valves have a limited lifespan, re-operations or
subsequent interventions are foreseeable. Due to the relatively
young age of the majority of patients, the cumulative risk of IE is of
particular importance. Based on the data presented here, one of the
two catheter valves currently available on the market appears to be
superior to the other with regard to the risk of IE. The reason for
this is unclear, but it seems likely that the different biological
material as well as the mode of preparation may influence this
outcome.

Funding
No grants used, the funding is by hospital funding only.
Conlflicts of interest

There is no conflict of interest by any of the authors regarding
this report. NA Haas has worked as proctor for Edwards as well as
Medtronic for training of PPVI.

All authors take responsibility for all aspects of the reliability
and freedom from bias of the data presented and their discussed
interpretation.



204 A. Lehner et al./Journal of Cardiology 74 (2019) 197-205

References

[1] Bonhoeffer P, Boudjemline Y, Saliba Z, Merckx ], Aggoun Y, Bonnet D, et al.
Percutaneous replacement of pulmonary valve in a right-ventricle to pulmo-
nary-artery prosthetic conduit with valve dysfunction. Lancet 2000;356:1403-5.
Medtronic. Medtronic melody transcatheter pulmonary valve first of its kind to
receive FDA approval for implantation in failed surgical pulmonary heart
valves; 2017, http://newsroom.medtronic.com/phoenix.zhtml?c=251324&p=

irol-newsArticle&id=2253782 [accessed 25.11.18].

Uebing A, Eicken A, Horke A. Pulmonalinsuffizienz. German Society for Pedi-

atric Cardiology; 2015, http://www.kinderkardiologie.org/fileadmin/

user_upload/Leitlinien/LL_Pulmonalinsuffnach_Goettingenjw011015.pdf

[accessed 25.11.18].

[4] Hijazi ZM. Transcatheter valve replacement: a new era of percutaneous cardiac
intervention begins. JACC 2004;41:1088-9.

[5] Knirsch W, Mackenzie CR, Schafers HJ, Baumgartner H, Kramer HH. Infective
endocarditis in childhood and adolescence. In: Weil ], editor. The German
Society of Paediatric Cardiology (DGPK) guidelines for the management of
congenital heart diseases in childhood and adolescence. Cambridge: Cam-
bridge University Press; 2017. p. 81-4.

[6] Haas NA, Moysich A, Neudorf U. Percutaneous implantation of the Edwards
SAPIEN™ pulmonic valve: initial results in the first 22 patients. Clin Res
Cardiol 2013;102:119-28.

[7] Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie D, et al. Meta-
analysis of observational studies in epidemiology: a proposal for reporting.
JAMA 2000;283:2008-12.

[8] Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, et al.
Preferred reporting items for systematic review and meta-analysis protocols
(PRISMA-P) 2015 statement. Syst Rev 2015;4:1.

[9] Spittal MJ, Pirkis J, Gurrin LC. Meta-analysis of incidence rate data in the
presence of zero events. BMC Med Res Methodol 2015;15:42.

[10] Guevara JP, Berlin JA, Wolf FM. Meta-analytic methods for pooling rates when
follow-up duration varies: a case study. BMC Med Res Methodol 2004;4:17.

[11] Erichsen P, Gislason GH, Bruun NE. The increasing incidence of infective
endocarditis in Denmark, 1994-2011. Eur ] Intern Med 2016;35:95-9.

[12] Rothman K], Wise LA, Hatch EE. Should graphs of risk or rate ratios be plotted
on a log scale? Am ] Epidemiol 2011;174:376-7.

[13] Armstrong AK, Balzer DT, Cabalka AK, Gray RG, Javois AJ, Moore JW, et al. One-
year follow-up of the Melody transcatheter pulmonary valve multicenter post-
approval study. JACC: Cardiovasc Interv 2014;7:1254-62.

[14] Bensemlali M, Malekzadeh-Milani S, Mostefa-Kara M, Bonnet D, Boudjemline
Y. Percutaneous pulmonary Melody™ valve implantation in small conduits.
Arch Cardiovasc Dis 2017;110:517-24.

[15] Biernacka EK, RuzyHo W, Demkow M, Kowalski M, Spiewak M, Piotrowski W,
et al. Transcatheter pulmonary valve implantation in patients with right
ventricular outflow tract dysfunction: early and mid-term results. ] Invasive
Cardiol 2015;27:E82-9.

[16] Borik S, Crean A, Horlick E, Osten M, Lee K], Chaturvedi R, et al. Percutaneous
pulmonary valve implantation: 5 years of follow-up. Circ Cardiovasc Interv
2015;8:e001745.

[17] Buber ], Bergersen L, Lock JE, Gauvreau K, Esch JJ, Landzberg M], et al.
Bloodstream infections occurring in patients with percutaneously implanted
bioprosthetic pulmonary valve. Circ Cardiovasc Interv 2013;6:301-10.

[18] Butera G, Milanesi O, Spadoni I, Piazza L, Donti A, Ricci C, et al. Melody
transcatheter pulmonary valve implantation. Results from the registry of
the Italian Society of Pediatric Cardiology. Catheter Cardiovasc Interv
2013;81:310-6.

[19] Cheatham JP, Hellenbrand WE, Zahn EM, Jones TK, Berman DP, Vincent JA, et al.
Clinical and hemodynamic outcomes up to 7 years after transcatheter pulmo-
nary valve replacement in the US melody valve investigational device exemp-
tion trial. Circulation 2015;131:1960-70.

[20] Cheung G, Vejlstrup N, Ihlemann N, Arnous S, Franzen O, Bundgaard H, et al.
Infective endocarditis following percutaneous pulmonary valve replacement:
diagnostic challenges and application of intra-cardiac echocardiography. Int ]
Cardiol 2013;169:425-9.

[21] Cools B, Budts W, Heying R, Boshoff D, Eyskens B, Frerich S, et al. Medium term
follow-up after percutaneous pulmonary valve replacement with the Melody*
valve. Int J Cardiol Heart Vasc 2015;7:92-7.

[22] Eicken A, Ewert P, Hager A, Peters B, Fratz S, Kuehne T, et al. Percutaneous
pulmonary valve implantation: two-centre experience with more than
100 patients. Eur Heart J 2011;32:1260-5.

[23] Fiszer R, Dryzek P, Szkutnik M, Géreczny S, Krawczuk A, Moll ], et al. Immediate
and long-term outcomes of percutaneous transcatheter pulmonary valve
implantation. Cardiol ] 2017;24:604-11.

[24] Fraisse A, Aldebert P, Malekzadeh-Milani S, Thambo ]B, Piéchaud JF, Aucour-
urier PS, et al. Melody™ transcatheter pulmonary valve implantation: results
from a French registry. Arch Cardiovasc Dis 2014;107:607-14.

[25] Gewillig M, Cools B, Sluysmans T, De Wolf D, Boshoff D, Heying R, et al. Nine years
of experience with the Melody valve for PPVI valve function remains preserved,
incidence of endocarditis can be reduced. Cardiol Young 2016;26:51-81.

[26] Gillespie MJ, Rome J], Levi DS, Williams R], Rhodes JF, Cheatham JP. Melody
valve implant within failed bioprosthetic valves in the pulmonary position.
Circ Cardiovasc Interv 2012;5:862-70.

[27] Haas NA, Bach S, Vcasna R, Laser KT, Sandica E, Blanz U, et al. The risk of
bacterial endocarditis after percutaneous and surgical biological pulmonary
valve implantation. Int J Cardiol 2018;268:55-60.

[2

[3

[28] Hascoet S, Mauri L, Claude C, Fournier E, Lourtet ], Riou JY, et al. Infective
endocarditis risk after percutaneous pulmonary valve implantation with the
melody and sapien valves. JACC Cardiovasc Interv 2017;10:510-7.

[29] Hascoet S, Martins ]JD, Baho H, Kadirova S, Pinto F, Paoli F, et al. Percutaneous
pulmonary valve implantation in small conduits: a multicenter experience. Int
] Cardiol 2018;254:64-8.

[30] Hill KD, Goldstein BH, Angtuaco M], Chu PY, Fleming GA. Post-market surveil-
lance to detect adverse events associated with Melody®™ valve implantation.
Cardiol Young 2017;27:1090-7.

[31] Khambadkone S, Coats L, Taylor A, Boudjemline Y, Derrick G, Tsang V, et al.
Percutaneous pulmonary valve implantation in humans. Circulation
2005;112:1189-97.

[32] Kuo JA, Feezel AA, Putnam TN, Schutte DA. Melody valve implantation within
freestyle stentless porcine aortic heterograft. Catheter Cardiovasc Interv
2017;89:1224-30.

[33] Lurz P, Coats L, Khambadkone S, Nordmeyer ], Boudjemline Y, Schievano S, et al.
Percutaneous pulmonary valve implantation. Circulation 2008;117:1964-72.

[34] Malekzadeh-Milani S, Houeijeh A, Jalal Z, Hascoet S, Bakloul M, Aldebert P,
et al. French national survey on infective endocarditis and the Melody™ valve
in percutaneous pulmonary valve implantation. Arch Cardiovasc Dis
2018;111:497-506.

[35] Markham R, Challa A, Kyranis S, Nicolae M, Murdoch D, Savage M, et al.
Outcomes following Melody transcatheter pulmonary valve implantation
for right ventricular outflow tract dysfunction in repaired congenital heart
disease: first reported Australian single centre experience. Heart Lung Circ
2017;26:1085-93.

[36] McElhinney DB, Benson LN, Eicken A, Kreutzer J, Padera RF, Zahn EM. Infective
endocarditis after transcatheter pulmonary valve replacement using the Mel-
ody valve. Circ Cardiovasc Interv 2013;6:292-300.

[37] Nordmeyer ], Ewert P, Gewillig M, Carminati M, Uebing A, Benson L, et al.
Current results of the melody registry: an international multicenter reg-
istry of transcatheter pulmonary valve implantation. ] Am Coll Cardiol
2014;63:A480.

[38] O’Donnell C, Holloway R, Tilton E, Stirling ], Finucane K, Wilson N. Infective
endocarditis following Melody valve implantation: comparison with a surgical
cohort. Cardiol Young 2017;27:294-301.

[39] Oechslin L, Corti R, Greutmann M, Kretschmar O, Gaemperli O. Percutaneous
pulmonary valve implantation in grown-up congenital heart disease patients:
insights from the Zurich experience. ] Intervent Cardiol 2018;31:251-60.

[40] Solana-Gracia R, Rueda F, Betridn P, Gutiérrez-Larraya F, Del Cerro M], Pan M,
et al. Pediatrics Spanish registry of percutaneous melody pulmonary valve
implantation in patients younger than 18 years. Rev Esp Cardiol (Engl Ed)
2018;71:283-90.

[41] Tanase D, Ewert P, Hager A, Georgiev S, Cleuziou ], Hess ], et al. Infective
endocarditis after percutaneous pulmonary valve implantation - a long-term
single centre experience. Int J Cardiol 2018;265:47-51.

[42] Van Dijck I, Budts W, Cools B, Eyskens B, Boshoff DE, Heying R, et al. Infective
endocarditis of a transcatheter pulmonary valve in comparison with surgical
implants. Heart 2015;101:788-93.

[43] Boone RH, Webb ]G, Horlick E, Benson L, Cao QL, Nadeem N, et al. Transcatheter
pulmonary valve implantation using the Edwards SAPIEN™ transcatheter
heart valve. Catheter Cardiovasc Interv 2010;75:286-94.

[44] Demkow M, Ruzyto W, Biernacka EK, Kalificzuk ., Spiewak M, Kowalski M,
et al. Percutaneous Edwards SAPIEN™ valve implantation for significant
pulmonary regurgitation after previous surgical repair with a right ventricular
outflow patch. Catheter Cardiovasc Interv 2014;83:474-81.

[45] Gagliardi MG, Pilati M, Secinaro A, Chinali M, Zarlenga E, Pongiglione G.
Valvulation of native right ventricular outflow tracts using the Edwards Sapien
valve. Giornale Italiano di Cardiologia. In: Conference: 43rd Congresso Nazio-
nale della Societa Italiana di Cardiologia Pediatrica, vol. 14; 2013.p. 17S.

[46] Haas NA, Carere RG, Kretschmar O. Early outcomes of percutaneous pulmonary
valve implantation using the Edwards SAPIEN XT transcatheter heart valve
system. Int ] Cardiol 2018;250:86-91.

[47] Hascoet S, Dalla Pozza R, Bentham J, Carere RG, Kanaan M, Ewert P, et al. Early
outcomes of percutaneous pulmonary valve implantation using the Edwards
SAPIEN 3 transcatheter heart valve system. Eurointervention 2019;14:1378-
85.

[48] Kenny D, Rhodes JF, Fleming GA, Kar S, Zahn EM, Vincent ], et al. 3-Year
outcomes of the Edwards SAPIEN transcatheter heart valve for conduit failure
in the pulmonary position from the COMPASSION multicenter clinical trial.
JACC Cardiovasc Interv 2018;11:1920-9.

[49] Odemis E, Guzeltas A, Saygi M, Ozyilmaz I, Momenah T, Bakir I. Percutaneous
pulmonary valve implantation using Edwards SAPIEN transcatheter heart
valve in different types of conduits: initial results of a single center experience.
Congenit Heart Dis 2013;8:411-7.

[50] Pilati M, Gagliardi MG, Guccione P, Pongiglione G. Infective endocarditis risk
after percutaneous pulmonary valve implantation with the Melody and
Sapien valves. Transcatheter pulmonary valve implantation using the
Edwards Sapien transcatheter heart valve: Experience from a single centre.
Giornale Italiano di Cardiologia. In: Conference: 41st Congresso Nazionale
della Societa Italiana di Cardiologia Pediatrica Congiunto con la Sezione
Pediatrica e delle Cardiopatie Congenite della Societa Italiana di Chirurgia
Cardiaca, vol. 12; 2011.p. 10S.

[51] Plessis ], Hascoet S, Baruteau A, Godart F, Le Gloan L, Warin Fresse K, et al.
Edwards SAPIEN transcatheter pulmonary valve implantation: results from a
French Registry. JACC Cardiovasc Interv 2018;11:1909-16.


http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0345
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0345
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0345
http://newsroom.medtronic.com/phoenix.zhtml?c=251324&p=irol-newsArticle&id=2253782
http://newsroom.medtronic.com/phoenix.zhtml?c=251324&p=irol-newsArticle&id=2253782
http://www.kinderkardiologie.org/fileadmin/user_upload/Leitlinien/LL_Pulmonalinsuffnach_Goettingenjw011015.pdf
http://www.kinderkardiologie.org/fileadmin/user_upload/Leitlinien/LL_Pulmonalinsuffnach_Goettingenjw011015.pdf
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0360
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0360
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0365
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0365
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0365
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0365
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0365
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0370
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0370
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0370
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0375
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0375
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0375
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0380
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0380
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0380
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0385
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0385
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0390
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0390
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0395
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0395
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0400
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0400
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0405
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0405
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0405
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0410
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0410
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0410
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0415
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0415
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0415
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0415
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0420
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0420
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0420
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0425
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0425
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0425
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0430
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0430
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0430
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0430
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0435
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0435
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0435
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0435
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0440
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0440
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0440
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0440
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0445
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0445
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0445
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0450
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0450
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0450
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0455
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0455
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0455
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0460
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0460
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0460
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0465
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0465
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0465
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0470
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0470
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0470
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0475
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0475
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0475
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0480
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0480
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0480
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0485
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0485
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0485
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0490
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0490
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0490
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0495
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0495
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0495
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0500
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0500
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0500
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0505
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0505
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0510
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0510
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0510
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0510
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0515
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0515
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0515
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0515
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0515
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0520
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0520
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0520
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0525
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0525
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0525
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0525
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0530
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0530
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0530
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0535
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0535
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0535
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0540
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0540
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0540
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0540
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0545
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0545
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0545
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0550
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0550
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0550
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0555
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0555
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0555
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0560
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0560
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0560
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0560
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0565
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0565
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0565
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0565
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0570
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0570
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0570
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0575
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0575
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0575
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0575
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0580
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0580
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0580
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0580
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0585
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0585
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0585
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0585
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0590
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0590
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0590
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0590
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0590
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0590
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0590
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0590
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0595
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0595
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0595

A. Lehner et al./Journal of Cardiology 74 (2019) 197-205 205

[52] Vollroth M, Daehnert I, Kostelka M, Wagner R. First case of blood-culture
proven Staphylococcus aureus endocarditis of a Sapien XT valve after percuta-
neous pulmonary valve implantation. Eur J Cardiothorac Surg 2015;48:e124-5.

[53] Wilson WM, Benson LN, Osten MD, Shah A, Horlick EM. Transcatheter pulmo-
nary valve replacement with the Edwards Sapien system: the Toronto experi-
ence. JACC Cardiovasc Interv 2015;8:1819-27.

[54] Fedeli U, Schievano E, Buonfrate D, Buonfrate D, Pellizzer G, Spolaore P.
Increasing incidence and mortality of infective endocarditis: a population-
based study through a record-linkage system. BMC Infect Dis 2011;11:48.

[55] Groning M, Tahri NB, Sendergaard L, Helvind M, Ersbgll MK, @rbaek Andersen
H. Infective endocarditis in right ventricular outflow tract conduits: a register-
based comparison of homografts, Contegra grafts and Melody transcatheter
valves. Eur ] Cardiothorac Surg 2019;1-7.

[56] Mery CM, Guzman-Pruneda FA, De Ledn LE, Zhang W, Terwelp MD, Bocchini
CE, et al. Risk factors for development of endocarditis and reintervention in
patients undergoing right ventricle to pulmonary artery valved conduit place-
ment. ] Thorac Cardiovasc Surg 2016;151:432-9.

[57] Jalal Z, Galmiche L, Lebeaux D, Villemain O, Brugada G, Patel M, et al. Selective
propensity of bovine jugular vein material to bacterial adhesions: an in-vitro
study. Int J Cardiol 2015;198:201-5.

[58] Veloso TR, Claes ], Van Kerckhoven S, Ditkowski B, Hurtado-Aguilar LG,
Jockenhoevel S, et al. Bacterial adherence to graft tissues in static and flow
conditions. ] Thorac Cardiovasc Surg 2018;155. 325-332.e4.

[59] Navarini S, Knirsch W, Kretschmar O. Herzkatheterinterventionen bei ange-
borenen Herzfehlern. Pddiatrie 2011;3:30-4.

[60] Jux C, Weil ], Horke A. Pulmonary valve stenosis (PS). In: Weil ], editor.
The German Society of Paediatric Cardiology (DGPK) guidelines for the

management of congenital heart diseases in childhood and adolescence.
Cambridge: Cambridge University Press; 2017. p. 20-1.

[61] Amat-Santos 1], Ribeiro HB, Urena M, Allende R, Houde C, Bédard E, et al.
Prosthetic valve endocarditis after transcatheter valve replacement: a system-
atic review. JACC Cardiovasc Interv 2015;8:334-46.

[62] Uebing A, Rigby ML. The problem of infective endocarditis after transcatheter
pulmonary valve implantation. Heart 2015;101:749-51.

[63] Cardoso R, Ansari M, Garcia D, Alfonso C. Percutaneous pulmonary valve
implantation: a systematic review of safety outcomes. ] Am Coll Cardiol
2015;65:A568.

[64] Chatterjee A, Bajaj NS, White JS, Cribbs MG, McMahon WS, Law MA. Trans-
catheter pulmonary valve implantation: a systematic review and meta-analy-
sis of observational studies. Catheterization and Cardiovascular Interventions.
In: Conference: 39th annual scientific sessions of the society for cardiovascular
angiography and intervention, SCAI vol. 87; 2016.p. S20—1.

[65] Sharma A, Cote AT, Hosking MCK, Harris KC. A systematic review of infective
endocarditis in patients with bovine jugular vein valves compared with other
valve types. JACC Cardiovasc Interv 2017;24:1449-58.

[66] Abdelghani M, Nassif M, Blom NA, Van Mourik MS, Straver B, Koolbergen DR,
et al. Infective endocarditis after Melody valve implantation in the pulmonary
position: a systematic review. ] Am Heart Assoc 2018;7:1-13.

[67] Medtronic. Melody® transcatheter pulmonary valve. Media Kits; 2016, https://
www.medtronic.com/uk-en/about/news/media-resources/media-kits/
melody-transcatheter-pulmonary-valve.html [accessed 19.11.18].

[68] Edwards Lifesciences. Transcatheter heart valves; 2018, https://www.
edwards.com/devices/heart-valves/transcatheter-sapien-xt-valve-pulmonic
[accessed 19.11.18].


http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0600
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0600
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0600
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0605
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0605
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0605
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0610
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0610
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0610
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0615
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0615
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0615
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0615
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0620
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0620
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0620
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0620
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0625
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0625
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0625
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0630
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0630
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0630
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0635
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0635
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0640
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0640
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0640
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0640
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0645
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0645
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0645
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0650
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0650
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0655
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0655
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0655
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0660
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0660
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0660
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0660
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0660
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0665
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0665
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0665
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0670
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0670
http://refhub.elsevier.com/S0914-5087(19)30114-5/sbref0670
https://www.medtronic.com/uk-en/about/news/media-resources/media-kits/melody-transcatheter-pulmonary-valve.html
https://www.medtronic.com/uk-en/about/news/media-resources/media-kits/melody-transcatheter-pulmonary-valve.html
https://www.medtronic.com/uk-en/about/news/media-resources/media-kits/melody-transcatheter-pulmonary-valve.html
https://www.edwards.com/devices/heart-valves/transcatheter-sapien-xt-valve-pulmonic
https://www.edwards.com/devices/heart-valves/transcatheter-sapien-xt-valve-pulmonic

	The risk of infective endocarditis following interventional pulmonary valve implantation: A meta-analysis
	Introduction
	Materials and methods
	Material
	Search strategy and study selection
	Definition of the study population
	Data extraction
	Statistical analysis

	Results
	Enrollment
	Meta-analysis of cohort studies

	Discussion
	Possible explantations
	Evaluation of the quality of the included studies
	Further reviews
	Evaluation of other safety-relevant target variables
	Evidence-based recommendation for PPVI

	Conclusions
	Funding
	Conflicts of interest
	References


