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aDepartamento de Cardiologı́a, Hospital Clı́nico Universitario de Valladolid, CIBERCV, Valladolid, Spain
bDepartamento de Cardiologı́a, Hospital Clı́nico Universitario de Valladolid, Valladolid, Spain

Rev Esp Cardiol. 2021;74(5):421–426

Article history:

Received 11 October 2019

Accepted 25 February 2020

Available online 10 May 2020

Keywords:

TAVI

TAVR

RAS inhibitors

A B S T R A C T

Introduction and objectives: To determine whether renin-angiotensin system inhibitor (RASi) prescription

is associated with better outcomes after transcatheter aortic valve implantation (TAVI) and surgical

aortic valve replacement (SAVR).

Methods: All comparative studies of RASi vs no RASi prescription in patients undergoing TAVI/SAVR

were gathered from PubMed, Web of Science, and Google Scholar through August, 2019. We extracted

hazard ratios (HRs) with their confidence intervals (CIs) for mortality from each study and combined

study-specific estimates using inverse variance-weighted averages of logarithmic HRs in the random

effects model.

Results: We identified 6 eligible studies with a total of 21 390 patients (TAVI: 17 846; SAVR: 3544) and

included them in the present meta-analysis. The 6 studies were observational comparative studies

(including 3 propensity score matched and 3 cohort studies) of RASi vs no RASi prescription. The analysis

demonstrated that RASi prescription was associated with significantly lower mortality in the whole

group of patients undergoing aortic valve intervention (HR, 0.64; 95%CI, 0.47-0.88; P < .001). However,

subgroup analysis suggested differences according to the selected therapy, with TAVI showing better

mortality rates in the RASi group (HR, 0.67; 95%CI, 0.49-0.93) but not in the SAVR group (HR, 0.61; 95%CI,

0.29-1.30). No funnel plot asymmetry was identified, suggesting minimum publication bias. Sensitivity

analyses sequentially eliminating dissimilar studies did not substantially alter the primary result

favoring RASI prescription.

Conclusions: These findings suggest a mortality benefit of RASi in patients with AS treated with aortic

valve replacement that might be particularly relevant following TAVI. Future randomized studies are

warranted to confirm this relevant finding.
�C 2020 Sociedad Española de Cardiologı́a. Published by Elsevier España, S.L.U. All rights reserved.
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R E S U M E N

Introducción y objetivos: Determinar si la prescripción de inhibidores del sistema renina-angiotensina

(iSRA) se asocia a mejores resultados tras implante percutáneo de válvula aórtica (TAVI) o recambio

valvular aórtico quirúrgico (RVAQ).

Métodos: Se seleccionaron de PubMed, Web of Science, y Google Scholar hasta agosto de 2019 estudios

comparativos de iSRA vs no-iSRA en pacientes sometidos a TAVI/RVAQ. Se extrajeron las hazard ratios

(HR) con sus intervalos de confianza para mortalidad de cada estudio y estimadores especı́ficos en el

modelo de efectos aleatorios.

Resultados: Se incluyeron 6 estudios con un total de 21.390 pacientes (TAVI: 17.846, RVAQ: 3.544). Los

6 fueron estudios comparativos (3 análisis de propensión y 3 de cohortes) comparando iSRA vs no-iSRA.

Se demostró que la prescripción de iSRA se asocia con una mortalidad significativamente menor en

pacientes sometidos a intervención valvular aórtica (HR = 0,64; IC95%, 0,47-0,88; p < 0,001). Sin

embargo, el análisis por subgrupos sugirió diferencias en función de la terapia seleccionada, con menor

mortalidad en los sometidos a TAVI tratados con iSRA (HR = 0,67; IC95%, 0,49-0,93) pero no en los

tratados con RVAQ (HR = 0,61; IC95%, 0,29-1,30). No se identificó asimetrı́a en el análisis funnel plot,
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INTRODUCTION

Renin-angiotensin system inhibitors (RASi) have demonstrated

to reduce mortality not only in heart failure,1 but also in patients

with hypertension,2 diabetes mellitus,3 and stable coronary artery

disease.4 Conversely, their prescription before cardiovascular

surgery has been associated with an increased risk of postoperative

acute kidney injury and it has been reported that it may not

decrease the risk of major adverse cardiac events.5

Aortic stenosis is associated with a continuous process of

myocardial hypertrophy and fibrosis that influences both the

symptoms and the prognosis of patients with this condition.6

Despite aortic valve replacement, reverse left ventricular remodel-

ing is not consistently shown in the studies—specifically if late

treatment of the obstruction is performed—with a residual trend to

a higher mortality rate when myocardial fibrosis persists after the

intervention.6

It has been suggested that the use of RASi is associated with

improved survival in patients with aortic stenosis by reversing

myocardial hypertrophy but it is unknown whether this prognostic

benefit is similar in patients treated with surgical aortic valve

replacement (SAVR) or with transcatheter aortic valve replace-

ment.6 This is of great interest given the growing use of

transcatheter aortic valve implantation (TAVI) and the current

characteristics of the elderly patients treated with this technology.

These patients have a higher incidence of cardiovascular risk

factors, and, often, a more advanced degree of the disease and

could benefit from RASi. However, this therapy could also be

associated with greater risk of undesired collateral effects such as

renal function decline, episodes of hypotension, or even increased

mortality. Currently, there is no recommendation for the use of

RASi in this population in the absence of other conditions such as

diabetes mellitus or left ventricular dysfunction. Therefore, we

aimed to determine whether RASi prescription at discharge is

associated with better survival and major outcomes after TAVI and

SAVR.

METHODS

We performed a systematic review and meta-analysis through

a systematic search in Pubmed Web of Science, and Google

Scholar performed by I.J. Amat-Santos and S. Santos-Martı́nez

using the following terms: ‘Renin-Angiotensin -Inhibitor’ OR ‘-

blocker’ AND ‘aortic valve replacement’ including only those

articles with comparative data. We followed the Preferred

Reporting Items for Systematic Reviews and Meta-Analyses

(PRISMA) guidelines. Further studies were sought by means of a

manual search of secondary sources, including references from

primary articles (backward snowballing) and contacts with

international experts. If there were differences of opinion after

discussion, a third author (J.A. San Román) gave his opinion.

Potential publication bias was assessed by using a funnel plot. As

a measure of the combined effect of the included studies, hazard

ratios (HR) were estimated, valid for prospective and retrospec-

tive studies, along with their 95% confidence intervals (95%CI)

and statistical significance. The homogeneity between studies

was contrasted by the QH statistic. With regard to the low

sensitivity of this test, we consider P < .10 values as significant. To

overcome this limitation in some way, the I2 statistic was also

estimated, which measures the proportion of the total variation

of the studies explained by the heterogeneity and its 95%CI.

A random effects model was used for those cases in which the I2

statistic was greater than 50% and a fixed effects model for the

opposite cases. Sensitivity analyses sequentially eliminating

dissimilar studies was performed. Statistical analysis was

performed with the use of IBM SPSS Statistics, version 24 (IBM,

United States). All tests were 2-sided at the .05 significance level.

RESULTS

Data quality assessment

The quality of the information included in the selected studies

of the meta-analysis was assessed through a combined strategy.

First, potential publication bias was assessed by using a funnel

plot (figure 1 of the supplementary data). Although Egger’s test

suggested a lack of asymmetry, its power was limited by the

small number of studies (less than 10). Second, a review protocol

was followed and assessment of alternative specific bias

was analyzed demonstrating limited quality in terms of

cointerventions but a low risk of bias for the rest of the evaluated

items (figure 2 of the supplementary data). Finally, meta-

regression analysis was performed according to the study design,

as shown in figure 3 of the supplementary data, demonstrating

that there was a clear trend favoring the use of RASi in

the matched studies; indeed, only 1 study did not favor its use

and it was the only study that was not matched. However, the P

value (.110) was not statistically significant due to the small

number of studies that could be included in this study. Other

variables such as left ventricular ejection fraction could not be

assessed through meta-regression analysis due to heterogeneity

in data reporting.

Baseline characteristics

After the assessment of 22 full-text articles, the final studies

included in the meta-analysis were the 6 that met the inclusion

criteria, as explained in methods, including 3 focused on

transcatheter7–9 and 3 on SAVR patients.10–12 The flowchart

summarizing study selection is depicted in figure 1. The main

baseline characteristics and the total number of patients included in

each study are reported in table 1. The pooled analysis was

performed in 21 390 patients including 17 846 receiving TAVI, and

sugiriendo bajo riesgo de sesgo de publicación. El análisis de sensibilidad eliminando sucesivamente

diferentes estudios no alteró de forma substancial el resultado.

Conclusiones: Estos resultados sugieren reducción de la mortalidad con la prescripción de iSRA en

pacientes con estenosis aórtica sometidos a recambio valvular aórtico, en particular tras TAVI. Futuros

estudios aleatorizados deberán confirmar o refutar este relevante hallazgo.
�C 2020 Sociedad Española de Cardiologı́a. Publicado por Elsevier España, S.L.U. Todos los derechos reservados.

Abbreviations

RASi: renin-angiotensin system inhibitors

SAVR: surgical aortic valve replacement

TAVI: transcatheter aortic valve implantation
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3544 treated with SAVR. Patients harboring transcatheter aortic

valve replacement had a higher mean age (82.5 years)7–9 than those

from surgical studies (74, 72, and 65.6 years, respectively).10–12 The

distribution of this age difference is graphically presented in figure 2.

No other baseline variable showed a clear pattern favoring any of the

subgroups despite certain differences across the specific studies,

namely a higher rate of hypertension reported by Inohara et al. in the

transcatheter cohort,7 and a higher diabetes mellitus rate in the

surgical cohort described by Goel et al.11

Impact on the mid-term mortality rate

The mortality reported by each of the 6 studies is summarized in

figure 3. The overall mortality for patients treated with TAVI, SAVR,

and for the global population is also reported. The pooled analysis of

the patients from the 6 studies included in this meta-analysis

demonstrated a 36% reduction in the risk of death at 1 year of follow

up (HR, 0.64; 95%CI, 0.47-0.88; P < .001); however, the subgroup

analysis could not confirm this finding for the SAVR group (HR, 0.61;

95%CI, 0.29-1.30). Only patients who underwent TAVI had a

significant mortality benefit at mid-term (HR, 0.67; 95%CI, 0.49-

0.93). Lack of asymmetry was demonstrated (figure 1 of the

supplementary data) with pooled HR, 0.779, 95%CI, 0.574-1.057;

P = .11; I2 = 89.89% and, as shown in the Egger graph, the test did not

provide evidence of the presence of small-study effects; in addition,

sensitivity analyses sequentially eliminating dissimilar studies did

not substantially alter the primary result favoring RASi prescription

(figure 4).
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Figure 1. PRISMA diagram for search strategy and study selection.

Table 1

Baseline clinical characteristics reported in each of the studies included in this meta-analysis

Study Patient number Age (y) Sex (female) Hypertension Diabetes

RASi No RASi Total RASi No RASi Total RASi No RASi Total RASi No RASi Total RASi No RASi Total

Inhorara7,a 7948 7948 15 896 82.4 82.4 82.4 51.6 52.3 51.9 93.6 93.1 93.4 38.7 38.7 38.7

Ochiai8,a 371 189 560 84.2 84.8 84.6 68.2 65.6 67.3 83.8 61.4 72.0 27.8 24.3 26.2

Rodrı́guez-Gabella9,a 695 695 1390 80.8 80.6 80.7 53.7 53.8 53.7 78.4 78 78.2 33.4 35.4 34.5

Magne10,b 286 222 508 74.0 74.0 74.0 45.0 44.0 45.0 91.0 91.0 91.0 16.0 21.0 18.5

Goel11,b 594 594 1198 72.0 72.0 72.0 40.7 39.9 30.3 81.3 80.5 80.8 19.3 17.7 18.5

Lassnigg12,b 725 1123 1848 - - 65.6 - - 45.0 - - - - - 17.1

RASi, renin-angiotensin system inhibitors.

Values are expressed as absolute numbers or percentages.
a Studies for transcatheter aortic valve replacement.
b Studies for surgical aortic valve replacement.
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Figure 2. Meta-regression for the variable of age in the surgical (red) and

transcatheter (blue) therapeutic groups.
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DISCUSSION

The results of this meta-analysis suggest that RASi prescription

is associated with better mid-term survival after aortic valve

replacement and, in particular, evidence derived from the pooled

analysis and the sensitivity analysis suggests a specific beneficial

effect following TAVI. Possible explanations for the failure of SAVR

to demonstrate a consistent reduction in the mortality rate could

be the reduced number of patients, as well as the different

procedural aspects compared with TAVI. The putative beneficial

effect of renin-angiotensin system blockade after valvular surgery

has been explored in several studies. A retrospective study with

150 patients showed that RAS blockade reduced hospital admis-

sion and deaths.13 Of note, this effect was independent of left

ventricular ejection fraction and volumes, suggesting a benefit of

renin-angiotensin system blockade in patients with normal

ventricular function and dimensions. Also, the landmark propen-

sity analysis by Goel et al.11 in 1752 patients suggested a better

outcome when the renin-angiotensin system was pharmacologi-

cally blocked. However, both studies have important limitations,

including their retrospective nature, the lenient inclusion criteria,

and the lack of information regarding type and dose of drugs given

to the patients. There is only 1 prospective study in the surgical

setting, with 114 patients, in which candesartan (32 mg per day)

compared with a control group.14 One year after valve replace-

ment, a reduction in left ventricular mass was more pronounced in
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the active group, but the impact on clinical outcomes–as in the

present meta-analysis–could not be confirmed.

Randomized controlled trials need to confirm these positive

finding in TAVI recipients but the current evidence is reassuring

regarding the safety of RASi in this scenario. The ongoing RASTAVI

trial6 will help to determine the impact of RASi on outcomes

following TAVI and understand whether this effect is driven from

the induced left ventricular remodeling, as has been suggested.10

The effect of RASi on myocardial hypertrophy and fibrosis

Left ventricular mass regression, which seems to occur specially

in patients with paravalvular regurgitation after TAVI has

been independently related to RASi prescription.10 Indeed,

persistent hypertrophy after SAVR has also been associated with

worse clinical outcomes including mortality,15,16 whereas hyper-

trophy regression after SAVR following RASi prescription17 is

associated with a lower incidence of myocardial infarction and

stroke.16,18 However, the present meta-analysis could not confirm

the association of RASi prescription after SAVR with better survival

and potential left ventricular hypertrophy regression was not

investigated.

RASi prescription in patients undergoing TAVI could also be

associated with regression of myocardial fibrosis—probably

more advanced in TAVI than in SAVR candidates given their

advanced age—which may bring about better clinical outcomes

including survival.8 Remarkably, in the propensity score matched

study by Inohara et al., 7 RASi prescription was associated with a

lower 1-year incidence of readmission for heart failure (absolute

risk difference, � 1.8%; 95%CI, � 2.8% to � 0.7%) after TAVI, but

there was no difference in 1-year mortality between the RASi and

no RASi groups (HR, 0.95; 95%CI, 0.81-1.12) among patients with

reduced left ventricular ejection fraction (� 40%), despite lower 1-

year mortality in the RASi group (HR, 0.78; 95%CI, 0.71-0.86)

among patients with preserved left ventricular ejection fraction (>

40%), which is inconsistent with the recommendation in the

current guidelines19,20 of RASi prescription only for patients with

reduced left ventricular ejection fraction in the setting of heart

failure. These contradictory findings, however, may be explained

by a number of factors, such as smaller baseline left ventricular

systolic dimensions and lower grades of postprocedural aortic and/

or mitral regurgitation, which are suggested to be associated with

greater left ventricular mass regression after SAVR21 and TAVI.7

Other mechanisms of RASi that might improve prognosis

Sympathetic modulation and antiarrhythmic effect have gained

interest in the treatment of heart failure with RASi.22,23 The

reduction in sympathetic activity as a mechanisms of modulating

heart failure24 might explain the better outcomes of TAVI patients

treated with RASi and could specifically benefit patients with

residual aortic paravalvular regurgitation given the positive effect

shown in the reduction of left ventricular volumes.7 On the other

hand, patients with aortic stenosis often have concomitant

coronary artery disease and myocardial ischemia; the electrolytic

modulation induced by RASi can translate into an antiarrhythmic

effect that might also improve outcomes.25

Limitations

The present findings should be interpreted with caution

because the results were drawn from nonrandomized studies

(observational cohort studies), in which attrition is often worse

and inadequately reported. In addition, the lower number of

patients in the surgical group might explain the nonsignificant

effect of RASi on mortality in that group. Additionally, prescription

of RASi was defined at baseline but continuous treatment during

follow up is unknown. Finally, publication bias might favor

‘‘positive’’ selection of those studies reporting good outcomes

following RASi prescription; often, nonsignificant covariates in the

univariate analysis are not entered into the multivariate analysis

and are seldom reported; however, asymmetry was not detected

with the present statistical assessment, suggesting minimal

publication bias.

CONCLUSIONS

The findings of this meta-analysis suggest a mortality benefit of

RASi in patients with aortic stenosis treated with aortic valve

replacement that might be particularly relevant following TAVI.

Future randomized studies are warranted to confirm this relevant

finding.
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WHAT IS KNOWN ABOUT THE TOPIC?

- Aortic stenosis is associated with a continuous process of

myocardial hypertrophy and fibrosis that influences

both the symptoms and prognosis of patients with this

condition.

- Despite aortic valve replacement, reverse left ventricular

remodeling is not consistently shown in studies, with

higher mortality when myocardial fibrosis persists after

the intervention.

- It has been suggested that the use of RASi could be

associated with improved survival in patients with

aortic stenosis but, currently, there is no recommenda-

tion for its systematic use after aortic valve replacement.

WHAT DOES THIS STUDY ADD?

- We performed a pooled analysis of 21 390 patients

including 17 846 receiving TAVI and 3544 treated with

SAVR. Patients treated with SAVR were younger but no

other significant differences were found in the baseline

variables.

- RASi prescription was associated with better mid-term

survival after SAVR and, in particular, sensitivity analysis

suggested a specific beneficial effect following TAVI.

- The ongoing RASTAVI randomized controlled trial will

help to determine the impact of RASi on outcomes

following TAVI and to understand whether the effect is

driven by induced left ventricular remodeling.

I.J. Amat-Santos et al. / Rev Esp Cardiol. 2021;74(5):421–426 425



APPENDIX. SUPPLEMENTARY DATA

Supplementary data associated with this article can be found in

the online version available at https://doi.org/10.1016/j.rec.2020.

03.004
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