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ABSTRACT

Background: Transcatheter aortic valve replacement
(TAVR) has gained increasing acceptance for patients with
aortic disease. A rare but fatal complication prosthetic valve
endocarditis (PVE) could greatly influence the clinical out-
comes of TAVR. This meta-analysis aims to pin down the
predictors of PVE in TAVR patients.

Methods: We performed a systematic search for stud-
ies that reported the incidence and risk factors of PVE after
TAVR. Data on studies, patients, baseline characteristics,
and procedural characteristics were abstracted. Crude risk
ratios (RRs) and 95% confidence intervals for each predic-
tor were calculated by the use of random-effects models.
Heterogeneity assumption was assessed by an I? test.

Results: We obtained data from 8 studies that included
68,805 TAVR patients, of whom 1,256 (1.83%) were diag-
nosed with PVE after TAVR. 280 patients died within the
30-days of PVE diagnosis and the pooled in-hospital mortal-
ity was 22.3%. The summary estimates indicated an increased
risk of PVE after TAVR for males (RR 1.53, P = .0001); for
patients with orotracheal intubaton (RR 1.65, P = .01), new
pacemaker implantation (RR 1.46, P = .003), and residual
aortic regurgitation (22 grade) (RR 1.62, P = .05); while older
age (RR 0.97, P=.0007) and implantation of a self-expandable
valve (RR 0.74, P = .02) were associated with a lower risk of
PVE after TAVR.
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Conclusion: Clinical characteristics and periprocedure
factors including age, male sex, valve type, orotracheal intuba-
tion, pacemaker implantation, and residual regurgitation were
proven to be associated with the occurrence of PVE-TAVR.
Clinicians should pay particular attention to PVE when treat-
ing TAVR patients with these predictors.

INTRODUCTION

Prosthetic valve endocarditis after transcatheter aortic valve
replacement (TAVR-PVE) is a relatively rare but fatal com-
plication. The most common pathogens causing TAVR-PVE
includ Enterococci, Staphylococcus aureus, and coagulase-negative
staphylococci. While some literature suggests the incidence
appears to be as low as 0.3% to 1.2% per person-year [Misawa
2015; Kolte 2018], the absolute number of cases is likely to rise
substantially as TAVR expands into mid and low-risk popula-
tions following the publication of the PARTNER 3 and Evolut
Low Risk trials [Mack 2019; Braghiroli 2020; Popma 2019].
Treatment of TAVR-PVE largely parallels that of conven-
tional prosthetic valve endocarditis, with prolonged intrave-
nous antibiotic therapy and consideration of surgical interven-
tion forming the cornerstones of management. However, the
effect of treatment with surgery or antibiotics is poor, with
high mortality rates (in-hospital mortality is 15% to 30%) sec-
ondary to heart failure and acute kidney injury [Bax 2019; Tan
2015]. Besides, the early diagnosis of TAVR-PVE is still chal-
lenging, given that the presentation is often asymptomatic and
the echocardiographic findings are diverse, while robust evi-
dence for specific preventative strategies of this complication
is lacking. All these highlight the need for identifying reliable
predictors of TAVR-PVE for surgeons or physicians to tar-
geted follow-up and timely intervention. A few researchers
focused on this problem and their registry studies based on
different populations came to different or even conflicting
conclusions. Therefore, we systematically reviewed all stud-
ies regarding this topic and employed a meta-analytic strat-
egy to analyze these data with a twofold aim: (i) to determine
pooled, final incidence and mortality of PVE in this specific
TAVR population, and (ii) to identify perioperative param-
eters that best discriminated between TAVR patients with
and without PVE.
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Citations identified through data base searching
(n=279)

!

Relevant records screened after duplicates
removed(n=204)

Records excluded after review of abstracts (n=98)
l—> + Notrelevant to the meta-analysis(n=37)

« Case reports, letters, reviews(n=61)

Full-text articles assessed for eligibility
(n=106)

Studies excluded after full text evaluation (n=98)
—> + No relevant data(n=80)

« Overlapping data(n=18)

Studies included in the meta-analysis
(n=8)

Figure 1. Study selection flow diagram.

MATERIALS AND METHODS

Search Strategy

We performed a broad, computerized literature search
of certain text and keywords in Medline, EMBASE, and the
CENTRAL trials registry of the Cochrane Collaboration
through February2020. The keywordsincluded “Transcatheter
aortic valve implantation’, “Transcatheter aortic valve replace-
ment’, “TAVI’, “TAVR’, ‘Endocarditis’, ‘Infective endocardi-
tis’, ‘Prosthetic valve endocarditis’, ‘Infective endocarditis
after TAVT’, ‘Incidence and clinical impact of infective endo-
carditis on TAVI’, “TAVI-associated infective endocardi-
tis’, ‘Prosthetic valve endocarditis after transcatheter valve
replacement’, ‘Causative organisms of post-TAVI infective
endocarditis’, ‘Clinical outcomes of infective endocarditis
after TAVD, ‘In-hospital mortality’, ‘Mortality at follow-up’,
“Transcatheter heart failure’, and ‘Outcomes of TAVI.

Inclusion and Exclusion Criteria

The inclusion criteria were as follows: (a) studies illustrat-
ing the incidence and risk factors of PVE after TAVR, report-
ing odds ratios (ORs), risk ratios (RRs) or hazard ratios (HRs),
and (b) cohort studies including patients with PVE and patients
without PVE. Studies were excluded for the following reasons:
(a) the studies were abstracts, editorials, letters, reviews, com-
ments, or case reports, (b) the sample size was less than 20, (c)
the studies utilized duplicate databases, or (d) the studies did
not include human subjects. If ORs were reported by univariate
and multivariate analysis simultaneously, only multivariate ORs
were included. Two investigators independently conducted the
literature searches, the study eligibility assessment, and the data
extraction in duplicate. Any discrepancies were resolved by
consensus and arbitration by a third investigator.

Data Extraction and Quality Assessment

The following study- and patient-related information
was extracted from the main paper and any accompanying
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Age Risk Ratio Risk Ratio

Study or Subgroup _log[Risk Ratio] ___SE_Weight IV, Random, 95% CI 1V, Random, 95% CI

Amat-Santos 2015 -0.0202 0.0213 13.0%  0.98(0.94, 1.02] 1

Bjursten 2019 -0.0202 0.0105 19.7%  0.98[0.96, 1.00]

Butt 2019 0.01 00154 16.6%  1.01[0.98, 1.04]

Fauchier 2020 -0.0222 0.0042 22.9% 0.98 [0.97, 0.99] L

Kolte 2018 -0.2744 0072 23%  0.76(0.66, 0.88] I
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Male Risk Ratio Risk Ratio
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Heterogeneity: Tau? = 0.04; Chit = 16.28, df = 7 (P = 0.02); I = 57%

o1 o2 05 3 $10
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Diabetes sk Rati sk Rati
Risk Ratio Risk Ratio

Study or Subgroup _log[Risk Ratio] ___SE_Weight IV, Random, 95% C! 1V, Random, 95% CI

‘Amat-Santos 2015 0.0198 04063  6.3%  1.02 [0.46, 2.26] —

Bjursten 2019 0.2624 0.2228 14.0% 1.30[0.84, 2.01] 1

Butt 2019 -0.0834 0.2533 12.1%  0.92(0.56, 1.51] —T
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Regueiro 2016 0.4447 0.1924  16.2% 1.56 [1.07, 2.27] —
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COPD Risk Ratio Risk Ratio
Study or Subgroup _log[Risk Ratio] SE_Weight IV, Random, 95% CI 1V, Random, 95% CI
Amat-Santos 2015 0.2151 0.4056  6.0%  1.24(0.56, 2.75]

Bjursten 2019 0.0862 0.2407 12.8%  1.09(0.68, 1.75] ——
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Amat-Santos 2015 -0.3711 03763  4.0%  0.69[0.33, 1.44] —
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Figure 2. Forest plot of summary crude RRs of each assessed preop-
erative predictor for patients with prosthetic valve endocarditis after
transcatheter aortic valve replacement: age; male sex; diabetes; COPD;
chronic renal insufficiency by evaluated IV random-effects model. Het-
erogeneity estimates (I?) are given for those predictors for which da-
tasets from 2 or more studies were available. Cl indicates confidence
interval; 1V, inverse variance.

supplemental material: publication year; study design; study
period; follow-up duration; number of participants; number
of PVE after TAVR; age; male sex; diabetes; chronic obstruc-
tive pulmonary disease; chronic renal insufficiency; LogEu-
roSCORE (%); mean gradient; valve orifice area; aortic regur-
gitation (2moderate); left ventricular ejection fraction; valve
embolization; self-expandable valve; transfemoral approach;
orotracheal intubation; aortic regurgitation (2moderate); left
ventricular ejection fraction; valve embolization; pacemaker
implantation; vascular injury; acute kidney injury; resid-
ual aortic regurgitation (2grade 2); blood transfusion; low
implantation, and bleeding complication. The quality of the
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Risk Ratio Risk Ratio
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Kolte 2018 -0.0534 0.1569 36.2%  0.95[0.70, 1.29] —a—
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Regueiro 2016 -0.1744 0235 16.1%  0.84[0.53,1.33] —T

Total (95% CI) 100.0%  0.85[0.71, 1.02] &
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Figure 3. Forest plot of summary crude RRs of each assessed procedur-
al related predictor for patients with prosthetic valve endocarditis after
transcatheter aortic valve replacement: aortic regurgitation >moderate,
self-expandable valve, orotracheal intubation, transfemoral approach by
evaluated IV random-effects model. Heterogeneity estimates (I*) are
given for those predictors for which datasets from 2 or more studies
were available. Cl indicates confidence interval; IV, inverse variance.

included studies was assessed by the Newcastle-Ottawa scale.

Assessed Predictors of PVE after TAVR

According to a recently published review, we focused
on the following previously proposed predictors: age;
male sex; diabetes; COPD; chronic renal insufficiency;
self-expandable valve; transfemoral approach; orotracheal
intubation; aortic regurgitation (2moderate); pacemaker
implantation; vascular injury; residual aortic regurgitation
(2grade 2); and bleeding complication.

Data Analysis

We pooled RRs using RevMan Software Version 5.3 (The
Cochrane Collaboration, London, United Kingdom). The
inverse variance method was used to pool multivariate ORs
and HRs. Only two or more ORs and HRs were pooled.
Heterogeneity across the studies was quantified with the I?
index: an I* of 0-25% renders insignificant heterogeneity;
26-50% low heterogeneity; 51-75% moderate heterogeneity;
and >75% high heterogeneity; and a random-effects model
was used to obtain the combined effect estimates [Higgins
2002]. Two-sided P-values less than .05 were considered sta-
tistically significant. Publication bias analysis was performed
when pooled studies were more than three. If significant

© 2021 Forum Multimedia Publishing, LLC

New pacemaker implantation

Risk Ratio Risk Ratio
Study or Subgroup _log[Risk Ratio] SE_Weight_IV, Random, 95% CI 1V, Random, 95% CI
Amat-Santos 2015 -0.1278 0.5323  5.7%  0.88[0.31,2.50]
Bjursten 2019 0.571 03229 15.4%  1.77(0.94,3.33] i
Kolte 2018 0.4447 0.1876  45.5%  1.56[1.08,2.25] —a—
Olsen 2015 03577 0557  52%  1.43(0.48, 4.26] —
Regueiro 2016 03221 02413 27.5%  1.38(0.86,2.21] T
Tabata 2020 -1.6246 14277  0.8%  0.20(0.01,323) ¢¥———————————————
Total (95% CI) 100.0%  1.46 [1.14, 1.87] >

Heterogeneity: Tau? = 0.00; Chi? = 3.41, df = 5 (P = 0.64); I = 0%

Test for overall effect: Z = 2.98 (P = 0.003) 0.1 02 0.

5 2 H
Lower risk of IE Higher risk of IE

Residual aortic regurgitation

Risk Ratio Risk Ratio
Study or Subgroup _log[Risk Ratio] SE_Weight 1V, Random, 95% CI 1V, Random, 95% CI
Amat-Santos 2015 0.157 0.3851 23.6%  1.17[0.55, 2.49] F——
Bjursten 2019 0.0583 0.415 21.5%  1.06[0.47, 2.39] —_—
Olsen 2015 13762 04786 17.8%  3.96 [1.55,10.12] —
Regueiro 2016 05128 0.2416 37.0%  1.67[1.04,2.68] ——
Total (95% CI) 100.0% 162 [1.01,261] [

Heterogeneity: Tau’ = 0.10; Chi = 5.26, df = 3 (P = 0.15); I’ = 43%

Test for overall effect: Z = 2.00 (P = 0.05) 01 02 0.

5 2 5
Lower risk of IE Higher risk of IE

Vascular injury

Risk Ratio Risk Ratio
Study or Subgroup _log[Risk Ratio] SE_Weight 1V, Random, 95% CI 1V, Random, 95% CI
Amat-Santos 2015 02852 0613 12.5%  1.33[0.40,4.42]
Bjursten 2019 -0.0513 0702 10.5%  0.95[0.24, 3.76] —
Kolte 2018 -0.251 03231 22.4%  0.78[0.41, 1.47] — T
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Kolte 2018 0.4447 0.1424 44.5%  1.56(1.18, 2.06] —-—
Olsen 2015 0.9632 0.4617 22.5%  2.62 [1.06, 6.48] —
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Figure 4. Forest plot of summary crude RRs of each assessed post-
operative predictor for patients with prosthetic valve endocarditis
after transcatheter aortic valve replacement: residual aortic regurgita-
tion >grade 2, vascular injury, bleeding complications by evaluated IV
random-effects model. Heterogeneity estimates (I?) are given for those
predictors for which datasets from 2 or more studies were available. Cl
indicates confidence interval; IV, inverse variance.

publication bias was noted, Duval and Tweedie’s trim and
fill method was used to acquire adjusted values. The present
systematic review and meta-analysis was conducted according
to the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) group [Liberati 2009].

RESULTS

The study selection process is presented in Figure 1. A
total of 279 citations were retrieved after searching PubMed,
EMBASE, and CENTRAL database. There were 106 full-
text articles assessed for eligibility after screening titles and
abstracts, and we identified 35 studies that reported the inci-
dence of PVE after TAVR. Finally, 8 articles [Kolte 2018;
Amat-Santos 2015; Olsen 2015; Bjursten 2019; Fauchier
2020; Tabata 2020; Butt 2019; Regueiro 2016] were ulti-
mately included in the present systematic review and meta-
analysis. The main characteristics and the overall quality of
the included studies are shown in Table 1. Overall, 68,805
patients were evaluated in 8 studies, and 1,256 (1.83%) were
diagnosed with PVE after TAVR. The incidence of PVE after
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Table 1. Characteristics of Included Studies

Leading author Amat-Santos Olsen Ander Regueiro  Henrik Bjursten  Laurent Fauchier Noriaki Tabata Dhaval Kolte Jawad H. Butt
Publication year 2015 2015 2016 2019 2020 2020 2018 2019
Study design retrospectively retrospectively retrospectively retrospective retrospectively prospective retrospectively retrospectively
Study period 2007-2014 2007-2014 2005-2015 2008-2018 2010-2018 2008-2018 20132014 2008-2016
NOS score 8 7 8 8 8 8 7 8
Number of patients, n 7891 503 6398 4336 16291 1448 29306 2632
Incidence of PVE, n (%) 53 (0.67) 18 (3.58) 250 (1.17) 103 (2.38) 476 (2.92) 17(1.77) 224 (0.76) 115 (4.37)
In-hospital mortalit;

after PFi/E, n (%) 4 25 (472) 2(N.1) 90 (36.0) 8(15.7) 89 (18.7) 7(41.2) 35 (15.6) 24(20.9)
Factors HR (95%Cl) HR (95%Cl) HR (95%Cl) HR (95%Cl) HR (95%Cl) HR (95%Cl) HR (95%Cl) HR (95%Cl)
Age,y 0.98 (0.94-1.03) N/A 0.97 (0.94-0.99)  0.98 (0.96-1.01)  0.98(0.97-0.99)  0.90 (0.85-0.95) ~ 0.76 (0.66-0.87)  1.01(0.98-1.04)
Male sex 0.89 (0.43-1.94) 123 (1.64912)  1.64(1.122.41) 154 (1.04228) 178 (1.562.03)  0.87 (0.33-226)  1.19 (0.91-1.55)  2.04 (1.35-3.07)
Diabetes 1.02 (0.462.24)  1.13(0.38-3.35)  1.56(1.07-2.78)  1.30(0.84-1.99)  0.87 (0.76-0.99)  2.29 (0.88-5.97)  0.83 (0.57-1.22)  0.92 (0.56-1.51)
COPD 124(0.562.73)  0.35(0.05-2.6)  1.66 (1.13-2.45)  1.09 (0.68-1.73) ~ 0.86 (0.75-0.99)  1.33(0.43-4.12)  1.02 (0.78-1.35) ~ 0.70 (0.40-1.21)
eGFR < 60 mL/min 0.69 (0.33-1.43)  1.02 (0.40-2.58)  0.71(0.48-1.03) ~ 0.64(0.46-0.88)  0.91(0.78-1.07) ~ 1.00(0.98-1.03) ~ 1.08 (0.83-1.42) ~ 2.08 (1.28-3.37)
LogEuroSCORE (%) 1.12 (0.99-1.04) N/A N/A N/A N/A 0.94 (0.89-1.00) N/A N/A
Selfexpandable valve 045 (0.22-0.93) N/A 0.83 (0.56-122)  0.78 (0.53-1.15) N/A 0.61 (0.23-1.60) N/A N/A
Transfemoral approach  1.30 (0.50-3.41) ~ 0.57 (0.14-2.39)  0.84 (0.53-1.35)  0.72 (0.44-1.17) N/A N/A 0.95(0.69-1.29)  0.78 (0.55-1.21)
Orotracheal intubation ~ 2.56 (1.15-5.68) N/A 1.55(1.06-2.27)  1.24(0.84-1.82) N/A N/A N/A N/A
Mean gradient (mmHg) 0.9 (0.92-1.06) N/A N/A N/A N/A N/A N/A N/A
Valve area 1.69 (0.36-2.17) N/A N/A N/A N/A N/A N/A N/A
Aorticregurgitation 1 0332.67) 084 (0.05-13.3) N/A 131(0.89-194)  0.99 (0.84-1.18) N/A N/A N/A
(=moderate)

Left ventricular ejection

fraction 1.11 (0.61-2.01) N/A N/A N/A N/A N/A N/A N/A
Valve embolization 1.72 (0.37-8.09) N/A N/A N/A N/A N/A N/A N/A
Pacemaker implantation ~ 0.88 (0.31-2.54)  1.43 (0.48-4.22)  1.38(0.86-2.21)  1.77 (0.94-3.36) N/A 0.20(0.01-3.26)  1.56 (1.08-2.26) N/A
Vascular injury 133 (0.404.44)  3.01(122-743)  0.62(0.32-1.23)  0.95(0.24-3.8) N/A 2.22(0.83-5.94)  0.78 (0.41-1.46) N/A
Acute kidney injury 2.05 (0.83-5.08) N/A N/A 1.83 (0.27-12.54) N/A N/A 0.80 (0.55-1.16) N/A
Residual aortc 117 (0.552.46)  3.96 (155-10.15) 167 (1042.66)  1.06 (0.47-2.4) N/A N/A N/A N/A
regurgitation >grade 2

Blood transfusion N/A 1.46 (0.56-3.81) N/A 1.98 (0.82-4.75) N/A N/A N/A N/A

Low implantation N/A 3.05 (1.207.73) N/A N/A N/A N/A N/A N/A
Bleeding complication N/A 2.62 (1.06-6.49)  0.66 (0.33-1.30) N/A N/A 1.06 (0.07-17.3)  1.56 (1.18-2.07) N/A

Cl indicates confidence interval; COPD, chronic obstructive pulmonary disease; eGFR, estimate glomerular filtration rate; HR, hazard ratio; NOS, Newcastle-
Ottawa scale; PVE, prosthetic valve endocarditis.

the intervention ranged from 0.7% to 4.3 % in individual stud-
ies. The pooled in-hospital mortality was 22.3% (280/1256),
ranged from 11.1% to 47.2% in individual studies.

Baseline Characteristics-Related Factors

Older age [Kolte 2018; Amat-Santos 2015; Bjursten 2019;
Fauchier 2020; Tabata 2020; Butt 2019; Regueiro 2016] was
associated with a lower risk of PVE after TVAR (RR 0.97,
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95% CI: 0.95 to 0.99, P = .007), and men sex [Kolte 2018;
Amat-Santos 2015; Olsen 2015; Bjursten 2019; Fauchier
2020; Tabata 2020; Butt 2019; Regueiro 2016] was iden-
tified as a predictor of PVE after TVAR (RR 1.53, 95%
CI: 1.24 to 1.90, P = .0001), while diabetes [Kolte 2018;
Amat-Santos  2015; Olsen 2015; Bjursten 2019
Fauchier 2020; Tabata 2020; Butt 2019; Regueiro 2016] (RR
1.08, 95% CI: 0.86 to 1.35, P = .51), COPD [Kolte 2018;
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Table 2. Test of Heterogeneity and Publication Bias for Each Outcome

Statistical Publication
Factors Studies  Participants Method Pooled HR (95%Cl) P 12 Heterogeneity bias
Age 7 68302 IV, Random 0.97 (0.95, 0.99) .007 76% high none
Male sex 8 68805 IV, Random 1.53 (1.24, 1.90) .0001 57% moderate none
Diabetes 8 68805 IV, Random 1.08 (0.86, 1.35) 51 50% low none
COPD 8 68805 IV, Random 1.03 (0.83, 1.28) .8 49% low none
Chronic renal insufficiency 8 68805 IV, Random 0.95 (0.81, 1.11) 49 67% moderate none
Aortic regurgitation (=moderate) 4 29027 IV, Random 1.04 (0.89, 1.21) .6 0% insignificant none
Self-expandable valve 4 20073 IV, Random 0.74 (0.58, 0.95) .02 0% insignificant none
Transfemoral approach 6 51072 IV, Random 0.85 (0.71, 1.02) .08 0% insignificant none
Orotracheal intubation 3 18625 IV, Random 1.65 (1.12, 2.43) .01 60% moderate none
New pacemaker implantation 6 49888 IV, Random 1.46 (1.14, 1.87) .003 0% insignificant none
Vascular injury 6 49888 IV, Random 1.20 (0.70, 2.06) .51 54% moderate none
Residual aortic regurgitation >grade 2 4 19134 IV, Random 1.62 (1.01, 2.61) .05 43% low none
Bleeding complication 4 37661 IV, Random 1.34 (0.75, 2.40) 32 57% moderate none

Cl indicates confidence interval; COPD, chronic obstructive pulmonary disease; HR, hazard ratio; IV, inverse variance.

Amat-Santos 2015; Olsen 2015; Bjursten 2019; Fauchier
2020; Tabata 2020; Butt 2019; Regueiro 2016] (RR 1.03,
95% CI: 0.83 to 1.28, P = .80), chronic renal insufficiency
[Kolte 2018; Amat-Santos 2015; Olsen 2015; Bjursten
2019; Fauchier 2020; Tabata 2020; Butt 2019; Regueiro
2016] (RR 0.95, 95% CI: 0.81 to 1.11, P = .49) and aortic
regurgitation > moderate [Amat-Santos 2015; Olsen 2015;
Bjursten 2019; Fauchier 2020] (RR 1.04, 95% CI: 0.89 to
1.21, P = .60) were not correlated with PVE after TVAR
(Figure 2).

Procedure-Related Factors

A self-expandable valve [Amat-Santos 2015; Bjursten
2019; Tabata 2020; Regueiro 2016] was associated with a
lower risk of PVE after TVAR (RR 0.74, 95% CI: 0.58 to
0.95, P = .02) and orotracheal intubation [Amat-Santos 2015;
Bjursten 2019; Regueiro 2016] was identified as a predictor of
PVE after TVAR (RR 1.65, 95% CI: 1.12 to 2.43, P = .01),
while transfemoral approach [Kolte 2018; Amat-Santos 2015;
Olsen 2015; Bjursten 2019; Butt 2019; Regueiro 2016] was
not correlated with PVE after TVAR approach (RR 0.85,
95% CI 0.71 to 1.02, P = .08) (Figure 3).

Post-TAVI Characteristics

Patients with a new pacemaker implantation [Kolte 2018;
Amat-Santos 2015; Olsen 2015; Bjursten 2019; Tabata
2020; Regueiro 2016] (RR 1.46, 95% CI: 1.14 to 1.87, P =
.003) and more than grade 2 residual aortic regurgitation
[Amat-Santos 2015; Olsen 2015; Bjursten 2019; Regueiro
2016] (RR 1.62, 95% CI: 1.01 to 2.61, P = .05) after TAVR
appeared to be more susceptible to PVE. Vascular injury
[Kolte 2018; Amat-Santos 2015; Olsen 2015; Bjursten 2019;
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Tabata 2020; Regueiro 2016] (RR 1.2, 95% CI: 0.70 to 2.06,
P = .51) and bleeding complications [Kolte 2018; Olsen
2015; Tabata 2020; Regueiro 2016] (RR 1.34, 95% CI: 0.75
to 2.4, P = .32) were not associated with PVE after TVAR
(Figure 4). The results of each factor were summarized in
Table 2. No significant publication biases were detected for
each individual analysis.

Transcatheter aortic valve replacement (TAVR) has
emerged as an accepted alternative to surgical aortic valve
replacement (SAVR). Its effect has been carefully evalu-
ated in several RCT studies. The most recent PARTNER
3 study showed that TAVR was superior to SAVR in pre-
venting death, stroke, and repeat hospitalization at one-year
follow-up [Mack 2019]. Similarly, the EVOLUT Low Risk
trial showed no difference in two-year outcomes (mortal-
ity, stroke) between SAVR and TAVR [Popma 2019]. Based
on these new RCT trials, the indication for TAVR contin-
ues to shift toward patients at a younger age or lower risk
[Thyregod 2015; Waksman 2018]. These patients will have
a longer postoperative survival period in which may develop
subsequentinfective endocarditis on the prosthesis and require
recurrent interventions. Although the incidence of PVE was
proved to be rare in previous studies and the present meta-
analysis (pooled incidence: 1.62%), the occurrence of TAVR-
PVE is likely to become more frequent as implant numbers
rise rapidly. Besides, we must keep in mind that the current
diagnostic criteria for definite infective endocarditis such as
Duke or modified Duke criteria are known to be less sensitive
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in PVE [Kuttamperoor 2019]. That is why some guide-
lines recommended 18-fluorodeoxyglucose PET or single-
photon emission CT in the diagnosis of PVE to increase sen-
sitivity. In addition, the incidence of para-valvular abscesses
and fistulas emanating from the infected prosthetic valve is
higher than PVE after SAVR [Ben-Shoshan 2016]. Moreover,
TAVR-PVE can also lead to other complications include
heart block, heart failure, renal failure, and septic shock
and worsened mortality. On the other hand, the therapeutic
methods for TAVR-PVE are quite limited. Consequently,
the outcomes of TAVR-PVE are very unpromising. If
prompt intervention is not undertaken, this severe com-
plication in patients can ultimately prove fatal (pooled in-
hospital mortality: 22.3%) [Bax 2019; Tan 2015; Butt 2019].
Identification of predictors can facilitate targeted screening
during follow-up and timely intervention, which has great
value in clinical practice.

However, several studies based on single/multi-center data
or different registries provide various and contradictory pre-
disposing indicators for TAVR-PVE. The discrepancy may
pose questionable advice to the clinical practice. To our best
knowledge, this is the first meta-analysis aimed at identifying
independent predictors of PVE in TAVR patients. 13 pos-
sible predisposing indicators were extracted from 8 trials,
and according to currently available evidence, younger age,
male sex, valve design, orotracheal intubation, pacemaker
implantation, and residual moderate or severe regurgitation
appeared correlated with the risk of subsequent endocarditis
occurrence after TAVR. Although some highly speculative
predisposing indicators, such as diabetes mellitus, COPD,
access approach, or chronic renal dysfunction, have been
identified as risk factors in some previous studies, they were
proven to have no significant effects on the occurrence of
TAVR-PVE in the present meta-analysis.

As shown in the present meta-analysis, the pool rate of
PVE after TAVR was 1.83%; conversely the average inci-
dence of PVE after SAVR was only 0.57% [Glaser 2017].
We speculate the remaining atheroma after TAVR plays an
important role in the occurrence of TAVR-PVE. Addition-
ally, the other reason may be the factor that biological pros-
theses are more reluctant to PVE compared with mechanical
valves [Anantha-Narayanan 2020]. Finally, the present meta-
analysis shows that the pooled postoperative 30-day mortality
was 22 %; it seems that SAVR-PVE has a lower postoperative
30-day mortality (13%) than TAVR-PVE [Manne 2012].

Some nonprocedural risk factors such as age and sex were
related to the development of PVE after TAVR. Younger
patients are more likely to develop PVE after TAVR, while
male patients had 1.5 times higher risk for the development
of prosthesis infection. Some researchers suggested that
younger patients that have undergone TAVI commonly have
a higher comorbidity burden, which might correlate with sus-
ceptibility to infections of the prosthesis [Tabata 2020; Regev
2017]. One possible explanation for the differences in sex is
the female protective theory based on the endothelial pro-
tection effect of estrogen. Nevertheless, further fundamen-
tal studies are required to reveal the underlying mechanisms.
Age and sex are two risk factors one cannot modify, but there
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are other modifiable factors associated with the development
of TAVR-PVE. Self-expandable valve (SEV) was less prone
to have endocarditis compared with balloon-expandable valve
(BEV). The differences between these two systems in terms
of the design, loading processing of prosthetic valve, and
delivery system and procedure may help explain this phenom-
enon [Regueiro 2019; Abdel-Wahab 2016]. The mechanism
could be related to the different delivery techniques as BEV
implantation could cause greater tissue damage secondary
to balloon dilatation during prosthetic valve deployment. It
is worth mentioning that in the study of Amat-Santos et al
[Amat-Santos 2015], the authors identified SEV as an inde-
pendent risk factor for PVE after TAVR by univariate analysis
(HR, 4.56; 95% Cl, 2.34-10.3; P = .025). However, accord-
ing to the supplemental material, there were 3067 patients
enrolled, and 29 patients were diagnosed with PVE. Among
these 29 patients with IE, 16 patients (55.2%) received a SEV,
while in 3028 patients without PVE, 2229 patients (73.6%)
received a SEV. The calculated HR for PVE with SEV in the
univariate analysis should be 0.45 with 95% CI 0.218-0.933
(P =.032), which leads to just the opposite of the conclusion
of the paper. So we only adopted the primary data from this
paper for meta-analysis. Orotracheal intubation is another
predictor for TAVR-PVE. Orotracheal intubation indicated
general anesthesia, mechanical ventilation, and more compli-
cated and invasive procedures that may increase bacteremia
and subsequent prosthesis contamination. TAVR procedure
often requires a temporary pacemaker insertion. In addition,
due to the pressure of an expandable stent on left ventricle
outflow tract, TAVR patients had a higher incidence of heart
block compared to SAVR [Young Lee 2015] and required a
permanent pacemaker be implanted. Pacemakers have been
shown to be a nidus for infection and might lead to the devel-
opment of PVE. The crude delivery of the device is another
potential avenue for infection. Residual moderate or severe
aortic regurgitation is related to prosthesis-annulus size mis-
match, technical difficult procedures with prosthesis malpo-
sitioning, and is more common when treating heavily and
asymmetrically calcified aortic valves. Residual aortic regur-
gitation may predispose to developing endocarditis because
of the high-velocity regurgitate jet damages or otherwise
increase in the vulnerability of endothelial surfaces [Athappan
2013]. The pockets between the prosthesis and native valve
allow for thrombus formation, which then can serve as a nidus
for infection [Kuttamperoor 2019].

Study Limitations

Several limitations to the current meta-analysis need to be
acknowledged. The main limitation is the design of included
studies because both retrospective and prospective observa-
tional studies are exposed to several biases. Although we per-
formed a thorough assessment of their methodological qual-
ity, the risk of bias being inherent to the study design cannot
be ruled out completely. The use of different generation
transcatheter prostheses from various manufacturers in these
studies may also limit the validity of the findings in the pres-
ent meta-analysis, since there are certain, albeit minor, differ-
ences in different prostheses. Finally, the data analyzed in this



Predictors of Prosthetic Valve Endocarditis following Transcatheter Aortic Valve Replacement: A Meta-Analysis—Jiang and Wu et al

study are all observational with no randomized trials, leading
to an indication bias. However, in the shortage of randomized
data, the findings of our meta-analysis can further advise the
practice of TAVR clinicians and influence future studies.

Conclusion

Despite being infrequent, PVE after TAVR is a deadly
complication associated with high rates of mortality. Several
clinical characteristics, such as age, male sex, valve design,
orotracheal intubation, pacemaker implantation, and residual
regurgitation, show adequate specificity for the occurrence of
TAVR-PVE. This finding raises a flag of warning that sur-
geons and physicians should perform TAVR with particular
attention of PVE in the specific patient cohort. As TAVR
indications continue to expand to lower risk and younger
patients, consensus guidelines should clarify the appropriate
diagnosis and management of PVE after TAVR.
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