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Aims Left ventricular pressure overload is associated with activation of the cardiac renin–angiotensin system, which may
contribute to myocardial fibrosis and worse clinical outcomes. We sought to assess the association between treat-
ment with angiotensin-converting enzyme inhibitors (ACEIs) or angiotensin II receptor blockers (ARBs) at baseline
and clinical outcomes in patients with symptomatic, severe aortic stenosis (AS) undergoing transcatheter aortic
valve replacement (TAVR) in the PARTNER 2 trial and registries.

...................................................................................................................................................................................................
Methods
and results

A total of 3979 intermediate, high, or prohibitive risk patients who underwent TAVR in the PARTNER 2 trial and
registries (excluding the valve in valve registry) were included in the study. Clinical outcomes at 2 years were com-
pared according to baseline ACEI/ARB treatment status using Kaplan–Meier event rates and study-stratified multi-
variable Cox proportional hazards regression models. Sensitivity analysis was conducted using propensity score
matching. Of 3979 patients who were included in the current analysis, 1736 (43.6%) were treated and 2243
(56.4%) were not treated with ACEI/ARB at baseline. Treatment with ACEI/ARB was associated with lower 2-year
all-cause mortality (18.6% vs. 27.5%, P < 0.0001), cardiovascular mortality (12.3% vs. 17.9%, P < 0.0001), and non-
cardiovascular mortality (7.2% vs. 11.7%, P < 0.0001). Angiotensin-converting enzyme inhibitor/ARB treatment at
baseline remained independently associated with a lower hazard of 2-year all-cause and cardiovascular mortality
after multivariable adjustment, and propensity score matching.

...................................................................................................................................................................................................
Conclusion In a large cohort of patients with severe symptomatic AS from the PARTNER 2 trial and registries, ACEI/ARB treat-

ment at baseline was independently associated with a lower risk of 2-year all-cause and cardiovascular mortality.
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Introduction

Excessive left ventricular (LV) hypertrophy and fibrosis are associated
with worse prognosis in patients with severe aortic stenosis (AS)
undergoing transcatheter aortic valve replacement (TAVR), especial-
ly if they persist after the valvular obstruction was treated.1,2 Both LV
hypertrophy and fibrosis occur in response to the global haemo-
dynamic load imposed on the left ventricle, which is the sum of the
load imposed by the valvular obstruction (AS) and the arterial load
(blood pressure).3–5 LV pressure overload is associated with activa-
tion of the renin–angiotensin system (RAS), which plays a major role
in the progression of myocardial hypertrophy and enhances the in-
crease in collagen I and III mRNA expression leading to myocardial fi-
brosis.6,7 Given the direct deleterious effects of RAS activation on
the myocardium in AS, angiotensin-converting enzyme inhibitors
(ACEIs) or angiotensin II receptor blockers (ARBs) may moderate
myocardial hypertrophy and fibrosis and may have a beneficial effect
on LV remodelling in patients with severe AS. Angiotensin-converting
enzyme inhibitors and ARBs also decrease blood pressure, thereby
reducing the global haemodynamic load on the left ventricle.8 Via
these mechanisms, ACEIs and ARBs may influence clinical outcomes
for patients with severe AS. In the past, drugs like ACEIs/ARBs were
considered relatively unsafe and even contraindicated in patients
with significant AS,9,10 as they can theoretically lead to a significant
drop in blood pressure. Nevertheless, this risk has never been dem-
onstrated and in fact, a recent meta-analysis which included observa-
tional and small randomized trials found that these drugs are safe, and
might be even beneficial, in patients with AS.11

The purpose of the current study was to examine whether base-
line treatment with ACEI/ARB is an independent predictor of clinical
outcomes in patients with severe symptomatic AS by analysing a large
population of intermediate to high surgical risk patients undergoing
TAVR in the PARTNER 2 trial and registries.

Methods

Study design and population
The analysis cohort is comprised of patients undergoing TAVR in the
PARTNER 2 studies (ClinicalTrials.gov Identifier: NCT01314313), which
included the PARTNER 2A and PARTNER 2B randomized cohorts and
the PARTNER 2 S3 high-risk (S3HR) and intermediate risk (S3i) registries,
details of which have been previously published.12,13 In brief, in the
PARTNER 2A cohort, intermediate risk patients (predicted risk of 30-day
mortality 4–8%, based on either the Society of Thoracic Surgeons (STS)
score or clinical assessment by a multidisciplinary heart team) were ran-
domly assigned to receive either surgical aortic valve replacement or
TAVR using the SAPIEN XT THV. In the PARTNER 2B cohort, patients
at prohibitive risk for surgery (heart team estimation of >_50% risk of
death or serious, irreversible morbidity with surgery) were randomly
assigned to receive TAVR with either the original SAPIEN transcatheter
heart valve (THV) or the 2nd generation SAPIEN XT THV. In the S3HR
(high-risk patients, STS >8%) and S3i (intermediate-risk patients, STS 4–
8%) registries, TAVR was performed using the newest generation S3
THV. In all cohorts, patients had severe AS, defined as a mean gradient
>40 mmHg or jet velocity greater than 4.0 m/s and aortic valve area <_0.8
cm2 or <0.5 cm2/m2, in addition to New York Heart Association
(NYHA) functional Class II or greater symptoms. Key exclusion criteria
for all cohorts included baseline creatinine >3 mg/dL or renal

replacement therapy, a congenitally bicuspid aortic valve, severe aortic
regurgitation, LV ejection fraction (LVEF) lower than 20%, and estimated
life expectancy of less than 2 years. The protocols were approved by the
institutional review boards of each participating site, and all patients pro-
vided written informed consent.

Both the randomized trial and the registries utilized electrocardiogram
(ECG) and echocardiography core laboratories. Clinical events were
adjudicated by an independent clinical events committee throughout
2 years of follow-up. The current analysis utilized an as treated population
of patients who underwent TAVR in the PARTNER 2 randomized trial
and registries, except the valve in valve registry, and excluded those with
missing information regarding treatment with ACEI/ARB at baseline. The
remaining patients were categorized based on whether they were treated
with ACEI/ARB at baseline, and clinical outcomes were compared be-
tween groups by univariate and multivariable analysis.

Endpoints
Clinical data, ECGs, and transthoracic echocardiograms were obtained at
baseline, hospital discharge, 30 days, 1 year, and 2 years. All ECGs and
echocardiograms were interpreted by independent core laboratories
using methodology previously described.14 The primary endpoint for the
current analysis was all-cause death.

Statistical analysis
Continuous variables are presented as mean ± standard deviation and
compared by Student’s t-test. Categorical variables are reported as per-
centages and frequencies, and compared by v2 test or Fisher’s exact test,
as appropriate. Time-to-event variables are presented as Kaplan–Meier
event rates and compared by the log-rank test.

The primary analysis was performed using multivariable Cox propor-
tional hazards regression. Competing risk analyses were also performed
for the subtype of death (cardiovascular and non-cardiovascular) as a sen-
sitivity analysis. Hazard ratios (HRs) were estimated using Fine and Gray’s
proportional hazard regression model. Covariates included in the
adjusted models were age, sex, body mass index (BMI), dyslipidaemia, dia-
betes mellitus, hypertension, chronic obstructive lung disease (COPD),
COPD treated with oxygen, chronic kidney disease (serum creatinine
>_2 mg/dL), current smoker, previous or current cancer, peripheral vascu-
lar disease, history of atrial fibrillation or flutter, coronary artery disease
(CAD), permanent pacemaker or automated implantable cardioverter-
defibrillator, prior myocardial infarction, prior percutaneous coronary
intervention (PCI) or coronary artery bypass grafting (CABG), prior
stroke or transient ischaemic attack, STS risk score, access (transfemoral
vs. transthoracic), prior hospitalization for symptoms of AS (within
6 months), frailty, treatment with beta-blockers at baseline, NYHA class,
LVEF, aortic regurgitation (moderate or severe) at baseline, mitral regur-
gitation (moderate or severe) at baseline, tricuspid regurgitation (moder-
ate or severe) at baseline, anaemia, thrombocytopenia, and serum
albumin at baseline. All models (adjusted or non-adjusted) were stratified
by study.

The propensity score model was developed using logistic regression,
which modelled the likelihood of treatment with ACEI/ARB at baseline.
This model included the aforementioned covariates with the following
additional variables: hypothyroidism, cirrhosis, congestive heart failure, al-
cohol consumption, recreational drug usage, cerebrovascular disease, de-
mentia, and treatment at baseline with dual antiplatelets, alpha 1 blockers,
antiarrhythmics, calcium channel blockers, digoxin, diuretics, or statins.
A greedy nearest neighbour algorithm was used to match those with and
without ACEI/ARB treatment at baseline in a 1:1 ratio. The propensity-
score matched cohort included a total of 2520 patients—1260 who were
treated with ACEI/ARB at baseline and 1260 who were not. Baseline
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comparisons are reported using standardized differences. Survival analy-
ses are performed using study-stratified marginal Cox proportional haz-
ards regression to account for the matched nature of the data.

Results

Patient population and baseline
characteristics
A total of 3990 patients underwent TAVR in the PARTNER II
randomized trial and registries, excluding the valve in valve registry.
Of these, 11 patients (0.3%) were excluded due to missing informa-
tion regarding treatment with ACEI/ARB at baseline, resulting in a
final study population of 3979 patients (Supplementary material
online, Figure S1). Among these patients, 1736 (43.6%) were treated
(1057 with ACEI and 636 with ARB) and 2243 (56.4%) were not
treated with ACEI/ARB. Table 1 presents the baseline clinical charac-
teristics of the patients according to baseline ACEI/ARB treatment
status. Treatment with ACEI/ARB was associated with younger age,
higher BMI, lower rates of chronic renal disease, and lower STS score.
Coronary artery disease, prior myocardial infarction, PCI, or CABG
were all more prevalent among patients who were treated with
ACEI/ARB. Likewise, hypertension, dyslipidaemia, and diabetes were
more common in patients who were treated with ACEI/ARB. New
York Heart Association Class III or IV rates were similar in both
groups. Systolic blood pressure was higher in patients treated with
ACEI/ARB, while diastolic blood pressure did not differ significantly
between the two groups. At discharge, 92.2% of patients (1600/
1735) who were treated at baseline, and 11.9% of patients (267/
2240) who were not treated at baseline, were treated with ACEI/
ARB (Supplementary material online, Table S1). During 2-year
follow-up, these percentages remained relatively steady in both
groups. Patients treated with ACEI/ARB were more likely to be
treated with beta-blockers and calcium channel blockers
(Supplementary material online, Table S2). Treatment with beta-
blockers slightly increased at discharge in both groups and remained
stable during the 2-year follow-up. Treatment with calcium channel
blockers, digoxin, and antiarrhythmic remained relatively steady dur-
ing the 2-year follow-up.

Echocardiographic characteristics
Baseline echocardiographic characteristics are shown for patients
with vs. without baseline ACEI/ARB treatment in Table 2. Treatment
with ACEI/ARB was associated with slightly larger aortic valve area,
LV mass, and LV stroke volume; however, after indexation to body
surface area, these differences were no longer statistically significant.
On the other hand, moderate or severe tricuspid regurgitation was
more common among patients who were not treated with ACEI/
ARB. Valvuloarterial Impedance (Zva) index was similar in patients
treated vs. not treated with ACEI/ARB.

Echocardiographic data 30 days after TAVR are shown in
Supplementary material online, Table S3. The pressure gradient
across the implanted aortic valve was slightly but significantly higher
in patients treated with ACEI/ARB, whereas the rate of moderate or
severe paravalvular aortic regurgitation after TAVR was similar in the
two groups.

Procedural characteristics
Treatment with ACEI/ARB was more common among the cohort of
patients who received the SAPIEN 3 valve than among the earlier
cohorts. There were no significant differences in access route, or
prosthesis size between the groups (Supplementary material online,
Table S4). Time to discharge after TAVR was shorter for patients
who were treated with ACEI/ARB.

Clinical outcomes
At 30 days after TAVR, the rate of NYHA III or IV class was signifi-
cantly lower in patients treated with ACEI/ARB (10.8% vs. 14.1%,
P = 0.003). The rates of 30-day adverse clinical outcomes did not dif-
fer significantly between the two groups (Table 3).

Compared with patients who were not treated with ACEI/ARB,
the rate of the 2-year all-cause death was significantly lower for
patients who were treated with ACEI/ARB at baseline (Table 3 and
Figure 1). The reduction in all-cause mortality for patients with vs.
without ACEI/ARB was driven by higher rates of both cardiovascular
and non-cardiovascular death. These results remained consistent
after multivariable adjustment (Table 4). Similarly, these results
remained consistent after adjustment for competing risks (cardiovas-
cular and non-cardiovascular death) (Supplementary material online,
Table S5). The association between ACEI/ARB treatment at baseline
and lower risk of cardiovascular death was consistent in most sub-
groups, with the exception of patients with chronic renal failure
(Pinteraction = 0.047) and patients with CAD (Pinteraction = 0.03)
(Table 5 and Figure 2).

When compared individually to no treatment with either drug,
both ACEI and ARB treatment were independently associated with
lower all-cause death and cardiovascular death, and no significant dif-
ference was seen when the two drugs were compared to each other
regarding the effect on all-cause (P = 0.39) or cardiovascular mortality
(P = 0.65) (Supplementary material online, Table S6).

Propensity-score matched cohort
analysis
To minimize the potential selection bias inherent with the baseline
treatment with ACEI/ARB, we performed a propensity-score
matched cohort analysis. The propensity-score matched cohort
included 2520 patients (1260 patients who were treated vs. 1260
patients who were not treated with ACEI/ARB at baseline). Baseline
clinical, echocardiographic, and procedural characteristics were simi-
lar between the matched groups (Supplementary material online,
Tables S7–S9). The HR for ACEI/ARB vs. no ACEI/ARB was 0.75
[95% confidence interval (CI) 0.63–0.90, P = 0.001] for all-cause
death, 0.72 (95% CI 0.58–0.90, P = 0.004) for cardiovascular death,
and 0.81 (95% CI 0.61–1.08, P = 0.15) for non-cardiovascular death
(Figure 3). These results are summarized in the Take home figure.

Discussion

The current study from the PARTNER 2 trial and registries examined
the clinical implications of treatment with ACEI/ARB of patients with
severe symptomatic AS at baseline before TAVR, on post-TAVR clin-
ical outcomes. The major finding from this analysis is that among
patients with severe symptomatic AS, treatment with ACEI/ARB at

ACEI/ARB treatment and outcomes post-TAVR 945
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..baseline was independently associated with decreased 2-year risks of
all-cause and cardiovascular mortality after TAVR. To the best of our
knowledge, the current study is the largest retrospective analysis
examining the effect of pre-TAVR treatment with ACEI/ARB in
patients with symptomatic severe AS. The data used in the current
study was collected prospectively and comprehensively, echocardio-
graphic and electrocardiographic data was analysed by a central core
laboratory, allowing adequate adjustment to minimize the inherent
risk of confounding. In addition, all events were adjudicated, including
type of death (Cardiovascular vs. non-cardiovascular), allowing

examination of the effect on specific outcome (cardiovascular death)
and reducing the risk of confounding.

In the past, treatment of patients with severe AS with ACEI/ARB
was considered unsafe and even contraindicated,9,10 as these drugs
might induce severe hypotension resulting from vasodilatation in the
presence of fixed LV outflow obstruction. However, this notion was
based on theoretical risk and was not supported by clinical evidence.
In fact, studies which examined ACEI/ARB treatment found that
these drugs were well tolerated in patients with mild to moderate
AS15 and even with symptomatic severe AS,16 although patients with

....................................................................................................................................................................................................................

Table 1 Baseline characteristics

ACEI/ARB treatment

(n 5 1736)

No ACEI/ARB treatment

(n 5 2243)

P-value

Age (years) 81.7 (7.2) 82.9 (7.7) <0.0001

Male sex 60.8 (1055/1736) 58.4 (1311/2243) 0.14

Body mass index (kg/m2) 28.8 (6.5) 27.8 (6.2) <0.0001

STS score 7.2 (3.8) 7.7 (4.2) <0.0001

<4 7.9 (138/1736) 7.9 (177/2243)

4–8 63.5 (1102/1736) 56.6 (1269/2243)

>8 28.6 (496/1736) 35.5 (797/2243)

Logistic EuroSCORE 8.8 (9.1) 9.6 (10.5) 0.02

NYHA functional class 0.06

III 60.0 (1041/1736) 58.0 (1301/2243)

IV 22.8 (395/1736) 26.1 (585/2243)

III or IV 82.7 (1436/1736) 84.1 (1886/2243) 0.25

CAD 81.0 (1407/1736) 76.0 (1705/2243) 0.0001

Prior MI 21.0 (365/1736) 17.1 (383/2243) 0.002

Prior PCI 33.8 (587/1736) 30.8 (690/2243) 0.04

Prior CABG 36.2 (628/1736) 26.6 (596/2243) <0.0001

Frailty 19.3 (335/1735) 26.0 (582/2239) <0.0001

PVD 34.7 (602/1736) 32.4 (727/2243) 0.13

Prior stroke or TIA 18.7 (325/1736) 18.9 (424/2243) 0.88

Hypertension 96.3 (1672/1736) 89.7 (2012/2243) <0.0001

Systolic blood pressure 134.4 (21.6) 131.2 (20.4) <0.0001

Diastolic blood pressure 67.8 (11.5) 67.5 (11.0) 0.43

Dyslipidaemia 84.4 (1466/1736) 79.4 (1780/2243) <0.0001

Diabetes mellitus 40.6 (704/1736) 32.5 (729/2243) <0.0001

Renal disease (Cr >_2 mg/dL) 7.2 (125/1736) 9.8 (219/2243) 0.004

Liver disease 1.7 (30/1736) 2.5 (55/2243) 0.12

COPD 34.7 (600/1730) 31.8 (712/2239) 0.056

Oxygen dependent COPD 7.4 (127/1724) 9.3 (207/2234) 0.03

History of cancer 31.8 (552/1736) 33.0 (741/2243) 0.41

Haemoglobin (g/dL) 12.2 (1.6) 12.1 (1.8) 0.04

Electrocardiographic characteristics

Atrial fibrillation 21.1 (360/1707) 21.6 (476/2202) 0.69

First-degree AVB 21.9 (377/1722) 22.2 (491/2213) 0.83

LBBB 6.8 (117/1722) 5.6 (124/2213) 0.12

RBBB 8.2 (141/1722) 8.5 (188/2213) 0.73

Values are mean (standard deviation) or % (n/N).
AVB, atrioventricular block; CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; Cr, creatinine; EuroSCORE, European System for Cardiac Operative
Risk Evaluation; LBBB, left bundle branch block; MI, myocardial infarction; NYHA, New York Heart Association; PCI, percutaneous coronary intervention; PVD, peripheral vas-
cular disease; RBBB, right bundle branch block; STS, Society of Thoracic Surgeons; TIA, transient ischaemic attack.
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Table 2 Baseline echocardiographic characteristics

ACEI/ARB treatment

(n 5 1736)

No ACEI/ARB

treatment (n 5 2243)

P-value

AV mean gradient (mmHg) 44.7 (13.0) 44.5 (13.5) 0.64

AV peak gradient (mmHg) 76.3 (21.3) 75.8 (21.7) 0.47

Aortic valve area (cm2) 0.69 (0.18) 0.68 (0.18) 0.05

Aortic valve area index (cm2/m2) 0.36 (0.09) 0.37 (0.09) 0.34

LV mass (g) 236.2 (73.7) 227.2 (70.7) 0.0002

LV mass index (g/m2) 123.4 (33.5) 122.1 (34.4) 0.25

Hypertrophya 66.1 (1039/1571) 64.0 (1277/1997) 0.17

LVEFb 54.5 (13.7) 54.9 (13.3) 0.34

LV stroke volumec (mL) 70.9 (18.3) 69.2 (18.1) 0.004

LV stroke volume index (mL/m2) 37.3 (9.4) 37.3 (9.7) 0.97

Valvuloarterial impedance (Zva) index 5.05 (1.36) 4.97 (1.32) 0.08

E/A ratio 1.2 (0.8) 1.2 (0.8) 0.61

E/E0 (lateral) 11.5 (7.7) 12.2 (8.3) 0.03

LA volume index (mL/m2) 44.5 (15.5) 44.1 (15.9) 0.44

RV function: moderately/severely decreased 7.4 (60/806) 7.3 (84/1152) 0.90

AR: moderate/severe 9.6 (161/1674) 10.3 (221/2153) 0.51

MR: moderate/severe 15.7 (252/1603) 18.0 (373/2072) 0.07

TR: moderate/severe 12.4 (184/1489) 16.4 (310/1893) 0.001

RV systolic pressure (mmHg) 36.9 (13.5) 37.5 (13.6) 0.21

Values are mean (standard deviation) or % (n/N).
AR, aortic regurgitation; AV, aortic valve; LA, left atrium; LV, left ventricle; LVEF, left ventricular ejection fraction; MR, mitral regurgitation; TR, tricuspid regurgitation.
aDefined as LV mass index >115 g/m2 for males and >95 g/m2 for female.
bVisual or Simpson.
cAssessed by Doppler.

....................................................................................................................................................................................................................

Table 3 30-Day and 2-year clinical outcomes after TAVR in patients treated vs. not treated with ACEI/ARB

ACEI/ARB

treatment (n 5 1736)

No ACEI/ARB

treatment (n 5 2243)

P-value

30-Day

All-cause death 2.3 (40) 3.2 (71) 0.10

Cardiovascular 1.8 (32) 2.5 (56) 0.16

Non-cardiovascular 0.5 (8) 0.7 (15) 0.38

Disabling stroke 2.0 (34) 2.1 (46) 0.83

Death or disabling stroke 3.9 (67) 4.8 (107) 0.16

Myocardial infarction 1.3 (23) 1.2 (27) 0.74

Periprocedural 0.8 (14) 0.9 (20) 0.77

Major vascular complicationsa 7.1 (123) 7.5 (167) 0.66

Life threatening or disabling bleedinga 5.8 (101) 7.1 (160) 0.09

Acute kidney injurya 18.8 (265) 17.8 (326) 0.36

New permanent pacemaker 10.8 (187) 10.1 (224) 0.45

2-Year

All-cause death 18.6 (316) 27.5 (606) <0.0001

Cardiovascular 12.3 (203) 17.9 (378) <0.0001

Non-cardiovascular 7.2 (113) 11.7 (228) <0.0001

Values are % (n).
aAccording to VARC 2 definition.

ACEI/ARB treatment and outcomes post-TAVR 947



Figure 1 Two-year unadjusted clinical outcomes. Crude Kaplan–Meier failure rates according to angiotensin-converting enzyme inhibitor/angio-
tensin II receptor blocker treatment at baseline in patients undergoing transcatheter aortic valve replacement. (A) All-cause death, (B) cardiovascular
death, and (C) non-cardiovascular death. CI, confidence interval; HR, hazard ratio.
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..congestive heart failure, LV dysfunction and low normal blood pres-
sure were prone to have hypotension if treated with ACEI.16,17 More
recent studies did not find any increase in mortality in patients with
moderate to severe AS treated with ACEI/ARB,18,19 and some stud-
ies even demonstrated a favourable effect of RAS inhibitors on mor-
tality,20 LV mass,18,19 and AS progression.21 A single retrospective
study found a significant increase in mortality, at least with ACEI but
not with ARB.21 A recent meta-analysis which included the above
studies concluded that the use of RAS inhibitors in patients with AS
was not associated with higher mortality rate, and was associated
with lower rate of aortic valve replacement.11 Our results are con-
sistent with a retrospective analysis from the STS/American College
of Cardiology Transcatheter Valve Therapies (TVT) registry that
reported that prescription with RAS inhibitors at hospital discharge
in patients who underwent TAVR was associated with a lower risk of
mortality and heart failure readmission at 1 year.22 In this analysis
from the TVT registry, almost all patients who were treated with
RAS inhibitors at discharge were already treated with these drugs be-
fore having TAVR. Thus, the beneficial effect could be attributed to
treatment at baseline. Alternatively, given the fact that the majority of
patients who were treated with RAS inhibitors at baseline in our

study remained on RAS inhibition at discharge, the beneficial effect of
baseline RAS inhibition observed in our study could be attributed at
least in part to continued RAS inhibition post-discharge. In another
recently published study, post-TAVR RAS blockade therapy has been
found to be associated with greater LV mass index regression and
reduced all-cause mortality.23 Nevertheless, data regarding treatment
at baseline is lacking and categorization was performed according to
post-TAVR RAS blockade therapy, which may introduce an addition-
al selection bias, as patients who underwent a successful TAVR are
more likely to be treated with ACEI/ARB.

In the current study, treatment of patients with severe symptomat-
ic AS, with ACEI/ARB was not only safe but also associated with
lower mortality rates after TAVR. One can speculate that these
results are confounded due to a selection bias, i.e. that more stable,
healthier patients can be expected to be more likely to be treated
with ACEI/ARB than sicker, less stable patients for whom these drugs
may be withheld. However, although patients who were treated with
ACEI/ARB were slightly younger, had slightly lower STS score and
were less likely to have renal disease than patients without ACEI/
ARB, they had similar rates of NYHA class III or IV symptoms, and
higher rates of CAD and cardiovascular risk factors including

Figure 2 Adjusted 2-year outcomes in patients treated vs. not treated with angiotensin-converting enzyme inhibitor/angiotensin II receptor block-
er in various subgroups. Adjusted hazard ratio for cardiovascular death at 2 years after transcatheter aortic valve replacement, in patients treated vs.
not-treated with angiotensin-converting enzyme inhibitor/angiotensin II receptor blocker at baseline, in various subgroups.
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diabetes. More importantly, the association between ACEI/ARB
treatment and lower risk of all-cause and cardiovascular mortality
persisted after multivariable adjustment, and propensity score match-
ing. Moreover, we included treatment with beta-blockers in the mul-
tivariable models. Beta-blockers are also usually given to relatively
stable patients and avoided in decompensated and unstable patients,
and would therefore be expected to be associated with the same re-
sidual confounding as ACEI/ARB treatment. In contrast to ACEI/ARB
treatment, which remained significantly associated with all-cause and
cardiovascular mortality after inclusion of beta-blocker treatment in
the multivariable model, treatment with beta-blocker was not signifi-
cantly associated with either all-cause or cardiovascular mortality.

One possible explanation for the observed association between
ACEI/ARB treatment and favourable outcomes for patients with AS
who undergo TAVR is the reduction of the global pressure overload
of the left ventricle, with subsequent attenuation of irreversible dam-
age to the LV induced by chronic stress and inappropriate, patho-
logical hypertrophy. Although no difference was observed in
hypertrophy rates between patients treated vs. not treated with
ACEI/ARB, the extent of inappropriate, pathological hypertrophy is
not known. Nevertheless, Zva which reflects the global load imposed
on the left ventricle,24 did not differ significantly between the two
groups, and thus, could not support this explanation. Indeed, systolic
blood pressure was higher in patients treated with ACEI/ARB, imply-
ing that the effect of these drugs was not exerted via reduction of the
global pressure overload. Furthermore, beta-blockers, which reduce
haemodynamic and metabolic overload in patients with AS,25 were
not associated with decreased mortality post-TAVR.

Another possible explanation for the observed association be-
tween ACEI/ARB treatment and favourable outcomes in the present
study relates to the inhibitory effect of ACEI/ARB on hypertrophy
and fibrosis.26 Physiologically, the LV hypertrophies in response to
pressure overload, in order to maintain a relatively constant wall

stress (Laplace law). Unlike physiological hypertrophy, which occurs
in response to a relatively shorter stress, prolonged AS-related
hypertrophic stress may cause non-compensatory pathological
hypertrophy that reactivates the foetal gene expression of atrial natri-
uretic peptide (ANP) and B-type natriuretic peptide (BNP).27

Furthermore, chronic, prolonged pressure overload leads to myocar-
dial hypertrophy that consists of not only hypertrophied myofibrils
but also collagen and fibronectin depositions.28 The hormones of the
RAS, angiotensin II and aldosterone, primarily involved in promoting
the adverse structural remodelling of the myocardial collagen ma-
trix.26 These maladaptive changes are only partially reversible after
aortic valve replacement and likely to be responsible for persistent
abnormalities in diastolic function and increased morbidity and

.................................................................................................

Table 5 Multivariable adjusted 2-year outcomes in
patients treated vs. not treated with ACEI/ARB in
various subgroups

Variables Adjusted hazard

ratioa for cardiovascular

death (95%
confidence interval)

Pinteraction

Age

>_80 0.67 (0.53–0.85) 0.58

<80 0.76 (0.52–1.13)

Sex

Male 0.76 (0.59–0.98) 0.26

Female 0.60 (0.43–0.83)

Diabetes

Yes 0.55 (0.39–0.79) 0.11

No 0.78 (0.61–1.00)

Hypertension

Yes 0.72 (0.58–0.88) 0.20

No 0.33 (0.10–1.07)

Renal disease (Cr >_2 mg/dL)

Yes 1.15 (0.67–1.98) 0.047

No 0.64 (0.52–0.80)

Prior MI

Yes 0.93 (0.63–1.39) 0.09

No 0.63 (0.50–0.80)

LVEF

>_50% 0.72 (0.56–0.93) 0.59

<50% 0.64 (0.46–0.90)

AV mean gradient (baseline)

>20 mmHg 0.70 (0.57–0.86) 0.48

<_20 mmHg 0.40 (0.09–1.87)

Valvuloarterial impedance (Zva) index

>4.5 0.75 (0.57–0.98) 0.35

<_4.5 0.61 (0.43–0.87)

CAD

Yes 0.77 (0.62–0.97) 0.03

No 0.43 (0.26–0.71)

AV, aortic valve; CAD, coronary artery disease; LVEF, left ventricular ejection
fraction; MI, myocardial infarction.
aAdjusted hazard ratio and 95% confidence interval for patients treated vs. not
treated with ACEI/ARB.

.................................................................................................

Table 4 Multivariable adjusted 2-year outcomes in
patients treated vs. not treated with ACEI/ARB

Adjusted hazard ratioa

(95% confidence interval)

P-value

All-cause death 0.70 (0.60–0.82) <0.0001

Cardiovascular 0.69 (0.56–0.84) 0.0003

Non-cardiovascular 0.72 (0.56–0.93) 0.01

Covariates included in the adjusted models were age, sex, BMI, dyslipidaemia, dia-
betes mellitus, hypertension, chronic obstructive lung disease (COPD), COPD
treated with oxygen, chronic kidney disease (serum creatinine >_2 mg/dL), current
smoker, previous or current cancer, peripheral vascular disease, history of atrial
fibrillation or flutter, coronary artery disease, permanent pacemaker or auto-
mated implantable cardioverter-defibrillator, prior myocardial infarction, prior
percutaneous coronary intervention (PCI) or coronary artery bypass grafting
(CABG), prior stroke or transient ischaemic attack (TIA), Society of Thoracic
Surgeons (STS) risk score, access (transfemoral vs. transthoracic), prior hospital-
ization for symptoms of AS (within 6 months), frailty, treatment with beta-block-
ers at baseline, NYHA class, left ventricular ejection fraction (LVEF), aortic
regurgitation (moderate or severe) at baseline, mitral regurgitation (moderate or
severe) at baseline, tricuspid regurgitation (moderate or severe) at baseline, an-
aemia, thrombocytopenia, and albumin at baseline.
aAdjusted hazard ratio and 95% confidence interval for patients treated vs. not
treated with ACEI/ARB.
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Figure 3 Two-year clinical outcomes in a propensity-score matched population. The Kaplan–Meier failure rates according to angiotensin-convert-
ing enzyme inhibitor/angiotensin II receptor blocker treatment at baseline in patients undergoing transcatheter aortic valve replacement. (A) All-cause
death, (B) cardiovascular death, and (C) non-cardiovascular death. CI, confidence interval; HR, hazard ratio.
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..mortality after valve replacement.28 Hypertrophy has been shown to
be associated with increased mortality in patients with AS29 even
after valve replacement.30,31 Attenuation of hypertrophy and fibrosis
by ACEI/ARB,26 might favourably influence prognosis in severe AS
patients undergoing TAVR.

Interestingly, the beneficial effect of ACEI/ARB was smaller in
patients with CAD and absent in patients with chronic kidney disease.
In patients with CAD and severe AS the decrease in coronary perfu-
sion pressure induced by ACEI/ARB via the decrease in blood pres-
sure, might be significant. In patients with chronic renal disease and
severe AS, ACEI/ARB might decrease renal perfusion and worsen
renal function, which may negate the beneficial cardiac effects.

As the current study is based on retrospective analysis and needs
to be corroborated by prospective well-designed studies,

randomized trials are warranted to address whether ACEI/ARB
treatment in these patients is safe and improve prognosis, and
whether the treatment pre- or post-TAVR (or both) is more influen-
tial. In fact, one such trial, the RASTAVI trial, which will randomize
patients who have received TAVR to ramipril vs. placebo, is already
underway.32

Limitations
The present study is a post hoc analysis and should be considered hy-
pothesis generating. The PARTNER 2 trial was not designed or pow-
ered to examine outcomes according to treatment with ACEI/ARB
at baseline. Although our findings regarding lower all-cause and car-
diovascular mortality among patients treated with ACEI/ARB at base-
line remained statistically significant after multivariable adjustment

Take home figure The potential benefits and drawbacks of treatment with angiotensin-converting enzyme inhibitor/angiotensin II receptor at
baseline in patients with severe aortic stenosis undergoing transcatheter aortic valve replacement.
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and after propensity score matching, we cannot rule out the possibil-
ity that the analysis is confounded by other unmeasured factors that
are correlated with treatment with ACEI/ARB treatment at baseline.
As the majority of patients who were treated pre-TAVR continued
to be treated after the procedure we cannot differentiate between
the treatment before and after the procedure, and whether the
observed beneficial effect is attributed to ACEI/ARB treatment be-
fore TAVR, after TAVR, or both. In addition, we did not collect data
regarding the dosage and duration of treatment pre-TAVR.

In conclusion, in a large cohort of patients from the PARTNER
2 trial and registries, treatment with ACEI/ARB at baseline was in-
dependently associated with lower 2-year mortality. This associ-
ation was observed regardless of the baseline LVEF or presence
of hypertension but was not observed in patients with chronic
renal disease and was less pronounced in patients with CAD.
Further studies should be conducted investigating the effects of
ACEI/ARB treatment on clinical outcomes in patients undergoing
TAVR.

Perspectives

Competency in patient care and
procedural skills
In patients with severe symptomatic AS treated with TAVR, treat-
ment with ACEI/ARB at baseline is independently associated with
better 2-year prognosis, including lower risk of both all-cause and
cardiovascular mortality.

Translational outlook
Treatment of patients with severe AS with ACEI/ARB could improve
long-term outcomes after TAVR. Randomized studies should assess
whether the association between treatment with ACEI/ARB and bet-
ter outcomes are causative, and whether ACEI/ARB treatment pre-
or post-TAVR (or both) is important to improve prognosis.

Supplementary material

Supplementary material is available at European Heart Journal online.
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