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Background: Transcatheter pulmonary valve replacement (TPVR) has currently been a well-established
alternative operation method to surgical pulmonary valve replacement (SPVR) in patients with pulmonary
valve dysfunction in the form of stenosis and/or regurgitation. We conducted a meta-analysis to evaluate the
main clinical outcomes after TPVR and SPVR.

Methods: We systematically searched the references of relevant literatures from PubMed and the Cochrane
Library published between January 2000 and December 2018 and followed The Preferred Reporting Items
for Systematic reviews and Meta-analysis (PRISMA) for this study.

Results: Eleven studies with 4,364 patients were included in the study. Compared with SPVR, TPVR
results in a significant decreased in-hospital mortality [odds ratio (OR): 0.18; 95% confidence interval (CI):
0.03-0.98] and mortality at the longest reported follow-up time point (OR: 0.43; 95% CI: 0.22-0.87),
though 30-day mortality (OR: 0.38; 95% CI: 0.11-1.33) has no significant difference between groups. Days
of hospital stay [(mean difference (MD): -4.38; 95% CI: -6.24—2.53] is shorter with TPVR than SPVR.
Besides, rates of 30-day readmission (OR: 0.67; 95% CI: 0.50-0.91) and recurrent pulmonary regurgitation
(OR: 0.17; 95% CI: 0.07-0.42) are lower with TPVR, whereas postprocedural infective endocarditis (IE) (OR:
4.56; 95% CI: 2.03-10.26) are higher with TPVR. SPVR carries a decreased risk of re-operation (OR: 2.19;
95% CI: 0.62-7.76) though without statistically significance.

Conclusions: In conclusion, TPVR is associated with a significantly decreased mortality, a shorter
length of hospital-stay, a lower rate of 30-day readmission and recurrent pulmonary regurgitation as
compared to SPVR throughout the follow-up duration, whereas SPVR results in a significantly lower rate of
postprocedural IE than TPVR. In addition, SPVR carries a decreased risk of re-operation with statistically

insignificance.
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Introduction

Since Bonhoeffer er /. (1) initially described transcatheter
pulmonary valve replacement (TPVR) for right ventricular
outflow tract conduit dysfunction in the year 2000, more
and more scholars have begun to study this technology and
instruments, and TPVR is becoming a new interventional
treatment and an emerging alternative to surgical
pulmonary valve replacement (SPVR).

Transcatheter pulmonary valve replacement is designed
for the treatment of circumferential right ventricular
outflow tract (RVOT) conduit dysfunction when there
is evidence of significant pulmonary stenosis and/or
regurgitation. Indications of TPVR includes (2-4): (I)
obvious right heart dysfunction after surgical repairment of
complex congenital heart disease; (II) severe stenosis and/
or insufficiency of pulmonary valve after right ventricular
outflow tract surgery; (III) absence of pulmonary valve; (IV)
right ventricular outflow tract obstruction.

Compared with SPVR, TPVR is a minimally invasive
surgical method newly developed, with advantages like
minor surgical trauma, no need for general anesthesia and
cardiopulmonary bypass support and avoiding median
sternotomy (5).

Although the outcomes following TPVR have improved
significantly in recent years, there is still controversy in
the literature whether available data are robust enough to
conclude that TPVR has better clinical outcomes like lower
mortality and less postprocedural complications than SPVR.
In this meta-study, we aimed to comprehensively evaluate
the clinical outcomes of patients undergoing TPVR and
SPVR in observational studies.

Methods
Search strategy

According to the Preferred Reporting Items for Systematic
reviews and Meta-Analyses (PRISMA) amendment to the
Quality of Reporting of Meta-analyses statement (6) and the
recommendations from the Cochrane Collaboration and
Meta-analysis of Observational Studies in Epidemiology (7),
the study was carried out a systematical literature search
in PubMed and the Cochrane Library published between
January 2000 and December 2018 to identify eligible
studies, using the search strings as follows: (pulmonary
valve) AND (percutaneous OR transcatheter) AND
(replacement OR implantation). Moreover, the reference
lists of relevant articles and reviews were manually
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scrutinized to find additional studies that were eligible for
inclusion.

Eligibility criteria

We included clinical studies only if they compared TPVR
and SPVR and if they were designed as randomized and
observational studies and published as original articles or
abstracts. Studies that involved patients less than 30 kg in
weight or with RVOT internal diameter less than 16 mm
were not included in our analysis referring to the inclusion
criteria for clinical trials with both the Melody and SAPIEN
valves (8,9), which are the mainly used bioprosthetic stent-
valves in TPVR now. Diseased valves were replaced with
only bioprosthetic valves in surgical procedure. Our primary
outcome was all-cause mortality over the follow-up period.
Articles that had not reported mortality were excluded. The
secondary outcomes included length of hospital stay, 30-day
readmission, recurrent pulmonary regurgitation, re-
operation and postprocedural infective endocarditis (IE).
Reviews, editorials, comments, expert opinions, duplicated
publications, and non-English articles were excluded.

Data extraction and quality assessment

Two reviewers (Y Zhou and T Xiong) independently
extracted data from studies, including study author, year,
design, quality indicators, baseline clinical characteristics,
procedural details, and clinical outcomes. Studies that met
the inclusion criteria were rated based on the Newcastle
Ottawa scale, with three main components, of study group
selection, comparability between groups, and ascertainment
of outcomes (10). A study with a NOS score of 6 or higher
was regarded as of high quality. Any disagreements in
data collection and quality evaluation were settled by the
consensus between the two reviewers or a discussion with a

third reviewer (C Chu).

Statistical analysis

In this study, categorical endpoints were presented as
odds ratios (ORs) with corresponding 95% confidence
intervals (ClIs) and continuous outcomes were
presented as mean differences (MDs). Point estimates
and standard errors were derived from each included
study and were combined by the generic inverse
variance method of DerSimonian and Laird (11).
The random-effects model was prioritized in case of
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Figure 1 Flow diagram of study search process.

significant heterogeneity between studies; otherwise, the
fixed-effects model was used.

Heterogeneity across studies was investigated by the
Cochran Q test with a significant level of P<0.1. In addition,
we used the I’ statistic to quantify the heterogeneity, with
an I value >50% indicating substantial heterogeneity (12).
Sensitivity analyses were performed by omitting each
study in sequence. Publication bias was assessed by
visual inspection of funnel plots and further confirmed
by Harbord’s test. All data analyses were carried out
using the ‘meta’ package (13) in R (version 3.4.2, https://
www.R-project.org/). A two-sided P value of <0.05 was
considered statistically significant.

Results
Study search

The study selection process was summarized in Figure 1. In
general, of the initial 1,446 publications, 1,420 were excluded
based on the titles and abstracts. The remaining 26 articles
were selected for full-text reading, of which 15 reports
that failed to meet the eligibility criteria were eliminated.
Consequently, eleven observational studies (14-24)

© Journal of Thoracic Disease. All rights reserved.

published between 2005 and 2018 were included in our
meta-analysis. None meta-analysis comparing clinical
outcomes between TPVR and SPVR has been previously
reported.

All these 11 studies reported all-cause mortality data
(n=4,364), 4 reported length of hospital stay (n=556), 4
reported 30-day readmission (n=2,699), 5 reported on
patients with postprocedural re-pulmonary regurgitation
(n=646), 5 reported on patients undergoing re-operation
(n=2,615) and 6 reported on patients with postprocedural
infective endocarditis (n=1,137).

Baseline characteristics

The study characteristics were exhibited in Table S1.
Briefly, all of the included studies were retrospective
observational study, 2 of which were propensity-matched.
Propensity score match is used to balance the distinction of
observed baseline covariates and consequently enhance the
comparability between groups (25). These eleven studies
included data on a total of 4,364 patients with pulmonary
valve disease, of which 1,284 patients receiving TPVR and
3,080 undergoing SPVR. Among the included studies, 8
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A. In hospital mortality

TRVR SPVR
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Study Events Total Events Total Odds Ratio OR 95%-Cl Weight
Khadija 2018 0 47 0 41 : 0.0%
Joshua 2018 1 191 3 382 :—"-— 0.66 [0.07;6.44] 16.4%
Michael 2016 0 292 36 1816 ————— 0.08 [0.01;1.36] 83.6%
Vikas 2018 0 124 0 100 H 0.0%
Fixed effect model 654 2339 —_ 0.18 [0.03; 0.98] 100.0%
Heterogeneity: /2 = 36%, 12 = 0.9640, p = 0.21 f T T !
Test for overall effect: Z = -1.98 (p = 0.0472) 0.01 0.1 1 10 100
—>
TPVR better SPVR better
B. 30 days mortality
TRVR SPVR
Study Events Total Events Total Odds Ratio OR 95%~Cl Weight
Khadija 2018 0 47 0o 4 ' 0.0%
Hope 2018 1 36 0 30 ——T—+—— 258[0.10;65.61] 5.7%
Louise 2005 0 35 1 94 —_— 0.88 [0.03;22.06] 8.9%
Gentian 2018 0 208 1 134 —-'—3—— 0.21 [0.01; 5.28] 19.9%
Zachary 2017 0 78 4 145 ——m——71— 0.20 [0.01; 3.77] 34.4%
Subeer 2018 0 172 2 180 ———1— 0.15 [0.01; 3.13] 31.1%
Fixed effect model 576 574 ——— 0.38 [0.11; 1.33] 100.0%
Heterogeneity: 12 = 0%, 12 =0, p = 0.69 ! T T |
Test for overall effect: Z = -1.51 (p = 0.1316) 0.01 0.1 1 10 100
—
TPVR better SPVR better
C. the follow-up duration mortality
TPVR SPVR
Study Events Total Events Total Odds Ratio OR  95%-CIWeight
Khadija 2018 2 47 1 a1 —f——v— 1.78[0.16; 20.35] 3.5%
Hope 2018 1 36 0 30 —— 2.58[0.10; 65.61] 1.8%
Louise 2005 0 35 1 94 —_— 0.88[0.03; 22.06] 2.8%
Joshua 2018 1 191 3 382 —— 0.66 [0.07; 6.44] 6.8%
Gentian 2018 0 208 1 184 ————7— 0.21 [0.01; 5.28] 6.3%
Sophie 2014 4 93 11 195 —— 0.75 [0.23; 2.43]23.4%
Michael 2016 0 292 36 1816 —————— 0.08 [0.01; 1.36]34.8%
Vikas 2018 0 124 0 100 ! 0.0%
Cyndi 2016 0 8 0 13 ! 0.0%
Zachary 2017 0 78 4 145 ——— 0.20 [0.01; 3.77]10.8%
Subeer 2018 0o 172 2 180 ————1— 0.15[0.01; 3.13] 9.8%
Fixed effect model 1284 3080 - 0.43[0.22; 0.87100.0%
Heterogeneity: 2= 0%, 12 =0, p = 0.66 N B R
Test for overall effect: Z = -2.35 (p = 0.0187) 001 0.1 1 10 100

TPVR better

—>
SPVR better

Figure 2 Meta-analysis for in-hospital, 30-day and throughout the follow-up duration mortality between TPVR vs. SPVR. TPVR,

transcatheter pulmonary valve replacement; SPVR, surgical pulmonary

were from the USA, 2 were from Europe, and the remaining
1 was conducted in Asia. The mean or median follow-up
durations ranged from 2.2 to 89 months, the mean or median
age ranged from 12 to 31.5 years, and men accounted for
59.6% of the total patients. The most commonly adjusted
variables among the studies were age, sex, and primary
cardiac diagnosis. Quality assessment showed a NOS score
of 6 or higher for all studies with a mean NOS score of 6.8,
indicating the presence of high methodological quality.

All-cause mortality

The all-cause mortality, calculated using data from 11 studies

© Journal of Thoracic Disease. All rights reserved.

valve replacement; CI, confidence interval.

(n=4,364) was 0.62% in the TPVR group and 1.92% in the
SPVR group. Compared with SPVR, TPVR procedure
decreased the risk of death in hospital (4 retrospective cohort
trails, n=2,993, OR: 0.18, 95% CI: 0.03-0.98, P=0.047,
I’=36%, Figure 2A4), at 30 days after procedure(6 retrospective
cohort trails, n=1,150, OR: 0.38, 95% CI: 0.11-1.33, P=0.13,
I’=0%, Figure 2B) and at the longest follow-up time point
(11 retrospective cohort trails, n=4,364, OR: 0.43, 95% CI:
0.22-0.87, P=0.019, '=0%, Figure 2C).

Length of bospital stay

Four studies reported postoperative length of hospital stay.
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TPV SPVR
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Khadija 2018 47 3.10 25000 41 13.60 12.4000 —+— —-10.50 [-14.36; —6.64] 13.4%
Vikas 2018 124 1.20 0.7000 100 4.10 1.8000 —2.90 [-8.27;-2.53] 31.7%
Cyndi 2016 8 4.801.0400 13 6.50 3.6000 -1.70 [-3.79; 0.39] 22.8%
Zachary 2017 78 1.20 0.0370 145 6.40 0.0830 -5.20 [-5.22;-5.18] 32.1%
Random effects model 257 299 -4.38 [ -6.24; -2.53] 100.0%
Heterogeneity: 12 = 98%, 12 = 2.8026, p < 0.01 «— R
Test for overall effect: Z = -4.63 (p < 0.0001) TPVR better -10 -5 0 5 10 SPVR better
B. Re-pulmonary regurgitation
TPVR SPVR
Study Events Total Events Total Odds Ratio OR 95%-Cl  Weight
Khadija 2018 0 47 13 41 ——‘——i— 0.02 [0.00; 0.39] 49.7%
Hope 2018 2 36 7 30 —R 0.19 [0.04;1.01] 25.2%
Louise 2005 1 35 3 94 —_—— 0.89 [0.09;8.87] 5.5%
Gentian 2018 0 208 1 134 I — — 0.21 [0.01;5.28] 6.3%
Cyndi 2016 3 8 8 13 —— 0.38 [0.06; 2.30] 13.3%
h
Fixed effect model 334 312 P 0.17 [0.07;0.42] 100.0%
Heterogeneity: 2 = 15%, 12 = 0.2178, p=0.32 < T 7T 1 —>
Testfor overall effect: 2=-3.83 (p=0.001)  TpVRbetter 0.01 01 1 10 100 SPVR better
C. 30 days readmission
TPVR SPVR
Study Events Total Events Total Odds Ratio OR 95%-Cl  Weight
Hope 2018 0 36 2 30 i 0.16 [0.01;3.38] 2.4%
Michael 2016 52 292 401 1816 0.76 [0.56; 1.05] 83.0%
Zachary 2017 1 78 7 145 — 0.26 [0.03;2.12] 4.4%
Subeer 2018 3 172 10 130 — 0.21 [0.06;0.79] 10.2%
'
Fixed effect model 578 2121 <'> 0.67 [0.50; 0.91] 100.0%
Heterogeneity: /2 = 43%, T2 = 0.3419, p = 0.15 T T T ]
Test for overall effect: Z =-2.57 (p = 0.0103
c P ) TPVRbetterg gy 0.4 1 10 100 SPVR better
D. Re-operation
TPVR SPVR
Study Events Total Events Total Odds Ratio OR 95%-Cl Weight
Khadija 2018 10 47 5 4 T 1.95 [0.61; 6.25] 27.9%
Hope 2018 0 36 1 30 —_—T 0.27 [0.01; 6.86] 10.8%
Louise 2005 5 35 0 94 . E— 34.08 [1.83;634.26] 12.4%
Michael 2016 3 292 3 1816 6.27 [1.26; 31.23] 23.0%
Vikas 2018 4 124 5 100 0.63 [0.17; 2.42] 25.9%
Random effects model 534 2081 — 2.19 [0.62; 7.76] 100.0%
Heterogeneity: 12 = 60%, 12 = 1.1337, p = 0.04 <«
Test for overall effect: Z = 1.22 (p = 0.2229) TPVR better 0.01 0.1 1 10 100 SPVR better
E. Postprocedural IE
TPVR SPVR
Study Events Total Events Total Odds Ratio OR 95%-Cl Weight
Khadija 2018 6 47 0 41 +—————— 13.00 [0.71;238.27] 7.0%
Hope 2018 0 36 0 30 H 0.0%
Louise 2005 1 35 0 94 —1—+——— 822 [0.33;206.54] 4.0%
Gentian 2018 7 208 2 134 T 2.30 [0.47; 11.23] 35.9%
Sophie 2014 8 93 5 195 — = 3.58 [1.14; 11.25] 451%
Vikas 2018 6 124 0 100 —+———*——— 11.03 [0.61;198.12] 8.0%
Fixed effect model 543 594 < 4.56 [2.03; 10.26] 100.0%
Heterogeneity: 2=0%,1=0,p=0.76 <« | T I ]l —
Test for overall effect: Z = 3.67 (p = 0.0002) TPVR better 0.01 0.1 1 10 100 SPVR better

Figure 3 Meta-analysis for postoperative hospital stay and follow-up between TPVR vs. SPVR. TPVR, transcatheter pulmonary valve

replacement; SPVR, surgical pulmonary valve replacement; CI, confidence interval.

With the length unit being converted to day, pooling the
data of the included 556 patdients in these 4 studies showed
a significantly shorter length of hospital stay in the TPVR
group than the SPVR group (MD: -4.38, 95% CI: -6.24—
~2.53; P<0.0001, Figure 3A4).

© Journal of Thoracic Disease. All rights reserved.

Recurrent pulmonary regurgitation

The recurrent pulmonary regurgitation rate was 1.80%
in the TPVR group and 10.26% in the SPVR group, with

no evidence of substantial heterogeneity across studies.
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Figure 4 Funnel plots of mortality throughout the follow-up duration.

Compared with SPVR, TPVR was associated with an
insignificantly decreased recurrent pulmonary regurgitation
rate (5 retrospective cohort trails, n=646, OR: 0.17, 95%
CI: 0.07-0.42, P=0.001, I’=15%, Figure 3B).

30-day readmission

Readmission within 30 days after procedure was observed
in 9.68% and 19.80% of TPVR and SPVR recipients,
respectively. The TPVR procedure was associated with
significantly less 30-day readmission versus the SPVR
procedure (4 retrospective cohort trails, n=2,699, OR: 0.67,
95% CI: 0.50-0.91, P=0.010, '=43%, Figure 3C).

Re-operation

Re-operation occurred in 4.12% of patients undergoing
TPVR and 0.67% of patients undergoing SPVR. TPVR was
associated with an insignificantly increased re-operation rate
compared with SPVR (5 retrospective cohort trails, n=2,615,
OR: 2.19,95% CI: 0.62-7.76, P=0.22, '=60%, Figure 3D).

Postprocedural infective endocarditis

Postprocedural infective endocarditis data were available
from 6 trails (n=1,137). Infective endocarditis occurred
in 5.16% of patients undergoing TPVR and 1.18% of
patients undergoing SPVR. TPVR led to significantly
increased postprocedural IE rate compared with SPVR (6
retrospective cohort trails, n=1,137, OR: 4.56, 95% CI:
2.03-10.26, P=0.0002, I’=0%, Figure 3E).

Sensitivity analysis and publication bias

All studies involved in our analysis that scored six or more

© Journal of Thoracic Disease. All rights reserved.
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B. Omit
Study Odds Ratio OR 95%~-Cl
Omitting Khadija 2018 — 0.38 [0.18;0.81]
Omitting Hope 2018 —_— 0.39 [0.19; 0.82]
Omitting Louise 2005 — = 0.42 [0.21;0.86]
Omitting Joshua 2018 — 0.42 [0.20; 0.87]
Omitting Gentian 2018 —a 0.45 [0.22;0.91]
Omitting Sophie 2014~ ———=—+—— 0.34 [0.14;0.81]
Omitting Michael 2016 —_—rT 0.62 [0.30; 1.30]
Omitting Vikas 2018 —_— 0.43 [0.22;0.87]
Omitting Cyndi 2016 —8— 0.43 [0.22; 0.87]
Omitting Zachary 2017 — 0.46 [0.22;0.95]
Omitting Subeer 2018 — 0.46 [0.23;0.95]
'
'
Fixed effect model —_— 0.43 [0.22; 0.87]
| I N R
0.2 0.5 1 2 5

on the Newcastle-Ottawa scale were included in sensitivity
analysis. Figure 44 shows a funnel plot of the studies
included in this meta-analysis that reported the follow-
up mortality. They all had even distributions around the
vertical respectively, indicating the absence of publication
bias. Exclusion of each study in sequence did not influence
the overall results (Figure 4B). For other outcomes, the
publication bias test was not performed due to the limited
number of included studies.

Discussion

To our knowledge, this report presents the first meta-
analysis to statistically integrate the heterogeneous
results of individual studies and show evidence-based
conclusions about major clinical outcomes of transcatheter
versus surgical pulmonary valve replacement. The main
findings of our study are as follows: (I) TPVR procedure
resulted in lower all-cause mortality in hospital and at
the longest follow-up time point versus SPVR procedure,
although the between-group difference of postprocedural
30-day mortality was not statistically significant. (II) TPVR
procedure was associated with much shorter postoperative
length of hospital stay versus SPVR procedure. (III) TPVR
procedure showed a lower incidence rate of recurrent
pulmonary regurgitation and 30-day readmission but was
trended towards a higher rate of postprocedural infective
endocarditis and re-operation versus SPVR procedure.
With the surgical techniques and perioperative care of
congenital heart diseases (CHD) developing rapidly, we
are facing an increasing population of CHD patients who
have lived to their adulthood now. These patients have
undergone cardiovascular surgery in their childhood and
the majority of them will require re-intervention in their
adulthood (26) because of the hemodynamically significant
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right ventricular outflow tract (RVOT) dysfunction and
pulmonary stenosis and/or regurgitation. Although cardiac
surgery has always been the gold standard for treating
pulmonary valve diseases, transcatheter approaches are
growing to be more available and less invasive, which are
especially suitable for increasingly complicated patients.
The reported clinical outcomes vary substantially following
SPVR and TPVR, obscuring rational guidance for
clinicians, hospital administrators, and policy-makers. An
overall comparison of clinical outcomes is urgently needed.

In the present meta-analysis, we found that transcatheter
and surgical treatment of pulmonary valve replacement
had rather low all-cause mortality throughout the follow-
up period (0.62% and 1.92%, respectively), with TPVR
procedure showing a better outcome. Considering the
inconsistent follow-up time of the included studies, we
performed a comparison of in-hospital mortality and
30-day mortality. Our data show a lower in-hospital and
30-day mortality of TPVR, though 30-day mortality
lacks significant between-group differences. The likely
explanation for this finding could be that TPVR is less
invasive on account of a smaller incision, shorter procedural
time and no need for cardiopulmonary bypass (CPB),
and that subsequently reduces the potential ischemia-
reperfusion injury and inflammatory and arrhythmogenic
effects caused by CPB (22,24). As for 30-day mortality,
perhaps a low enough mortality of SPVR at this time point
makes it extremely difficult for TPVR to improve upon it.

Another important finding in our study is that TPVR
was associated with much shorter hospital stay and lower
incidence of 30-day readmission compared to SPVR
procedure, which may be an important consideration for the
younger generation. Earlier discharge and faster recovery
time may be more preferable for young patients because
it allows them to go back to school and daily activities as
healthy kids earlier without falling behind (15).

It seems to be contradictory that SPVR had a higher
rate of recurrent pulmonary regurgitation after the
procedure whereas TPVR had a relatively higher re-
operation rate, though both without statistical significance.
In fact, both of these two operation methods have decent
therapeutic efficacy. SPVR contains invasive procedures
such as dissection the trunk of the pulmonary artery which
may change the anatomical structures and result in a
slightly higher rate of recurrent pulmonary regurgitation.
Despite this fact, patients with postprocedural pulmonary
regurgitation in SPVR group do not always need
reoperation. Bioprosthetic valves in the pulmonary

© Journal of Thoracic Disease. All rights reserved.
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position are durable for a longer time and pulmonary
valve regurgitation is usually well-tolerated through the
midterm duration because the pulmonary valve is exposed
to low pressure compared to the mitral or aortic valve.
On the other hand, TPVR had a higher failure to implant
rate due to inevitable ‘learning curve’ associated with the
introduction of a new device and technique, or anatomic
reasons such as predominantly excessively large RVOT
or coronary or aortic root compression. Besides, complex
postprocedural complications with TPVR also contributed
to the higher re-operation rate. Common complications
include stent fracture, endocarditis, paravalvular leak,
thromboembolism, and valvular stenosis. During the
procedure, hemodynamic collapse can occur secondary to
hemorrhage from conduit rupture, coronary compression
with resultant ischemia, or PA obstruction from valvular
embolization (5).

Furthermore, we found that TPVR carries a rather
higher rate of postprocedural infective endocarditis. In
contrast with TPVR, SPVR may reduce the risk of infective
endocarditis by removing previous valves or conduits,
which are considered as a main source of infection (18).
In addition, factors like friction between the valve and the
conduit, incomplete apposition of the valve against the
conduit and lack of valve reendothelialization may also
contribute to the TPVR-related TE (14).

Though most of our findings are favorable for the
transcatheter procedure, there remain restrictions when
choosing TPVR. In the operation of TPVR, a large and
stiff venous sheath and delivery system should be placed
firstly, which can be difficult to maneuver into position from
percutaneous approach in small children and/or patients
with complex anatomy (27). Additionally, the majority of
larger patients have severely dysfunctional RVOT’s with
internal diameter >16 mm, making it too difficult for
safe and stable placement of the transcatheter valves. To
overcome these restrictions, a hybrid approach has been
proposed and successfully used (28). Surgeons adopted a
subxiphoid incision to deliver a valve through a puncture
in the right ventricular wall for smaller children. And for
patients with enlarged RVOT’, a median sternotomy with
creative ideas to reduce the RVOT size was used, including
intravascular flow restrictors, extravascular radiopaque rings,
and surgical plication. With these tricks, TPVR can have
wider applications. Besides the above restrictions, patients
with an active infection, coronary artery compression or
aortic compression resulting in aortic insufficiency during
pre-deployment balloon dilation and other unsatisfactory
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anatomy are very tricky and may turn to open surgical
procedures for help (29).

Because of the rapid demographic changes of
congenital heart disease, our findings are of great clinical
importance. For patients who had previous CHD surgery
and with inevitable re-intervention of PV dysfunction,
our encouraging results confirmed the favorable findings
for TPVR. Thus, TPVR appears safe and effective when
compared to open surgery, allowing it to serve as an
emerging alternative for many patients with PV dysfunction,
especially for those who are of poor underlying conditions
and intolerant to repeat redo cardiac surgery and the risk
of myocardial injury related to repeated CPB. However,
multi-center, randomized and prospective data are needed
to better compare these two treatment modalities.

Conclusions

Taken together, our meta-analysis shows that TPVR
is associated with significantly decreased mortality as
compared to SPVR within in-hospital time and throughout
the follow-up duration. Length of hospital stay is shorter
following TPVR than SPVR. Rates of 30-day readmission
and recurrent pulmonary regurgitation are lower with
TPVR, whereas SPVR results in a significantly decreased
risk of postprocedural IE. Besides, SPVR carries a decrease
re-operation rate though without statistical significance.
However, these findings should be considered within the
current observation. Future larger studies, or perhaps
randomized trials, are required to confirm the comparison

of TPVR and SPVR.

Limitations

In common with all meta-analyses, its reliability is
determined by the quality of the included references. Several
limitations should be acknowledged in our work. Firstly, we
included only observational studies due to the lack of RCT
trials comparing TPVR and SPVR, which may increase
the risk of selection bias and reduce the statistical power
for some complications. Secondly, due to the lack of some
individual patient-level data, we were unable to perform
any subgroup analyses by some important confounders,
such as indication for the procedure, concomitant surgical
procedures, and prosthesis for replacement. Besides, it was
impossible to perform an analysis to compare different
approaches (transfemoral and transjugular) and other valve-
related events such as bleeding and thrombosis due to lack
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of original data. Thirdly, the limited number of studies
with longer follow-up time and the differences in endpoint
definitions do not permit further inferences. Fourthly, there
were significant heterogeneities in outcomes of length of
hospital stay and re-operation which limited somewhat
the interpretation of the results. Furthermore, data in the
present meta-analysis were obtained from studies conducted
mainly in the USA and Europe. Thus, generalization of our
findings to other populations should be done with caution.
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Supplementary

Table S1 Characteristics of the included studies

Sample size/n Follow-up time/m Agelyrs Gender, men/% Primary cardiac diagnosis/n Outcome parameters available for analysis

Study author  Publication year Study period Location Design NOS score

TPVR SPVR TPVR SPVR TPVR SPVR TPVR SPVR TOF Ross procedure  TGA  Truncus arteriosus DORV Isolated PV disease Mortality Hospital stay ~ Readmission Re-PR  Re-operation Postprocedural IE
Khadija et al. 2018 1990-2015 Saudi Arabia R, Obs 8 47 41 56 89 24 27 83 63 0 88 0 0 0 0 + + + + +
Hope et al. 2018 Jan. 2007-Aug. 2017 USA R, Obs 7 36 30 25.86 30.5" 29.5" 36.1 63.3 47 2 1 NA NA 13' + + + + +
Louise et al. 2005 Oct. 1998-Mar. 2004 UK R, Obs 6 35 94 4.0" 10.0" Age groups 457 67.0 83 6 12 7 NA 12" + + + +
Joshua et al. 2018 Jan. 2010-Dec. 2016 USA R, Obs, PM 7 191 382 54 177 16" 58 62 573 0 0 0 0 0 +
Gentian et al. 2018 Oct. 2010-Sep. 2016 USA R, Obs 6 208 134 2.2" 2.8" 25.7 23.3 57 54 184 26 14 30 28 48 + + +
Sophie et al. 2014 Jan. 2009-Jun. 2013 France R, Obs 7 93 195 2417 23.8" 20.17 13.3" 55.9 58.4 93 44 (AV disease) 0 23 12° + +
Michael et al. 2016 Jan. 2011-Dec. 2013 USA R, Obs 6 292 1816 NA NA 17.77 16.21 62 61 297 0 2 10 69 18 + + +
Vikas et al. 2018 Jan. 2010-Dec. 2015 USA R, Obs 7 124 100 18.7 31.6 19 12 58 54 Congenital RVOT disease (not specific) + + + +
Cyndi et al. 2016 Jun. 2012-Jun. 2015 USA R, Obs 7 8 13 3.4 13.6 31.5 31.3 50.0 61.5 14 0 0 0 0 7 + + +
Zachary et al. 2017 Jan. 2006-Dec. 2013 USA R, Obs, PM 6 78 145 NA NA 25.9 25.8 57.7 52.4 143 22 9 10 13 15 + + +
Subeer et al. 2018 Oct. 2010-Dec. 2016 USA R, Obs 8 172 130 15.6" 12.0° 21.7" 21.0" 62 53 175 19 NA 21 17 344 + +

Follow-up time and age are showed as mean or median (%). TPVR, transcatheter pulmonary valve replacement; SPVR, surgical pulmonary valve replacement; TOF, Tetralogy of Fallot; TGA, transposition of the great arteries; DORV, double outlet right ventricle; PV, pulmonary valve; PS, pulmonary stenosis; PR, pulmonary regurgitation; |E, infective endocarditis; R, retrospective; Obs,
observative study; PM, propensity matched; NA, not available; *, PS; *, DORV with PS.



