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ABSTRACT

Background Hypertension confers a poor prognosis

in moderate or severe aortic stenosis (AS), however,
antihypertensive therapy (AHT) is often not prescribed due
to the perceived deleterious effects of vasodilation and
negative inotropes.

Objective To assess the efficacy and safety outcomes of
AHT in adults with moderate or severe AS.

Design Systematic review and meta-analysis.

Data sources The Cochrane Central Register of
Controlled Trials, MEDLINE, EMBASE and grey literature
were searched without language restrictions up to 9
September 2019.

Study eligibility criteria, appraisal and synthesis
methods Two independent reviewers performed
screening, data extraction and risk of bias assessments
from a systematic search of observational studies and
randomised controlled trials comparing AHT with a placebo
or no AHT in adults with moderate or severe AS for any
parameter of efficacy and safety outcomes. Conflicts were
resolved by the third reviewer. Meta-analysis with pooled
effect sizes using random-effects model, were estimated
in R.

Main outcome measures Mortality, Left Ventricular

(LV) Mass Index, systolic blood pressure, diastolic blood
pressure and LV ejection fraction

Results From 3025 publications, 31 studies (26 500
patients) were included in the qualitative synthesis and 24
studies in the meta-analysis. AHT was not associated with
mortality when all studies were pooled, but heterogeneity
was substantial across studies. The effect size of AHT
differed according to drug class. Renin—-angiotensin—
aldosterone system inhibitors (RAASI) were associated
with reduced risk of mortality (Pooled HR 0.58, 95% ClI
0.43 to 0.80, p=0.006), The differences in changes of
haemodynamic or echocardiographic parameters from
baseline with and without AHT did not reach statistical
significance.

Conclusion AHT appears safe, is well tolerated. RAASI
were associated with clinical benefit in patients with
moderate or severe AS.

INTRODUCTION

Aortic stenosis (AS) is common and of
increasing prevalence.! AS is recognised as
both a heart valve disease and a disease of
the left ventricular (LV),? because LV remod-
elling or LV hypertrophy (LVH) occur as an
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Strengths and limitations of this study

» The most comprehensive review of evidence to date,
summarising the results of observational studies
and randomised controlled trials in all relevant data-
bases, involving over 20000 participants.

» As there are few randomised trials, most publica-
tions derived from non-randomised observational
studies, and there is a risk of selection, information
and confounding bias.

» Classification of moderate or severe aortic stenosis
(AS) varied in different studies; some defined par-
ticipants on the basis of undergoing aortic valve
replacement.

» For those studies that classified severity of AS by
echo parameters, a wide range of thresholds were
used, such as aortic valve area less than 0.75, 0.8,
1 or 1.2 cm? or peak velocity above 2.5, 3, 4.5 or
5m/s.

» There was variability in antihypertensive therapy
treatments and controls.

adaptive response to compensate for LV after-
load and in order to normalise wall stress.” *
Since LVH is associated with impaired coro-
nary blood flow reserve, diastolic dysfunc-
tion and increased risk of heart failure and
death,”™ this may also be an important
contributor to the symptoms and mortality
associated with AS.”° ¥'® However, pressure
overload due to hypertension also may result
in increased LV mass, mask pressure gradient
and lead to low-gradient severe AS.""*' Glob-
ally, the ageing population has led to an
increased prevalence of hypertension, and
the combination of AS and hypertension can
accelerate need for aortic valve replacement
(AVR).*** Consequently, LVH regression is a
potential therapeutic target in AS.

Current guidelines recommend treating
hypertension in AS,”’ ** and inhibition of
renin-angiotensin and aldosterone systems
(RAAS) may have benefits on LV remod-
elling.” Nonetheless, current drug mono-
graphs state that antihypertensive therapies
(AHT) should be used with caution in patients
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with significant AS and are commonly not prescribed to
patients with moderate or severe AS. The two most widely
cited concerns are the dependence of coronary flow on
aortic pressure in LVH, and the need to preserve LV
preload to fill the hypertrophied LV and maintain cardiac
output.”* Other potential concerns of AHT in AS include
vasodilation, negative inotropes, hypotension, fall in
filling pressure and syncope. In this systematic review and
meta-analysis, we assessed the effects (clinical outcomes,
haemodynamic and echocardiographic changes) of AHT
in patients with moderate or severe AS from observa-
tional studies and randomised controlled trials (RCTs).
We hypothesised that AHT can be used effectively and
safely for treating hypertension in moderate or severe AS.

METHODS

This systematic review was carried out in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses Statement and Meta-analyses Of Observa-
tional Studies in Epidemiology Checklist.”® %

Search strategy

We searched the Cochrane Central Register of Controlled
Trials (up to 9 September 2019), MEDLINE (1946 to 9
September 2019) and EMBASE (1947 to 9 September
2019) for RCTs and observational studies that assessed
the use of any AHT in patients over 18 years old with
moderate or severe AS. Common search terms included:
(“aortic valve stenosis” or “aortic stenosis”) and (“antihy-
pertensive agents” or “angiotensin converting enzyme
antagonist” or “angiotensin receptor-2 blocker” or
“diuretic” or other drug classes or other specific drug
names). We also handsearched relevant cardiology jour-
nals, conference proceedings and clinical trials databases
and reference lists of relevant articles, including reviews.
Language, publication status and length of follow-up
restrictions were not applied. The full MEDLINE search
strategy and list of grey literature are contained within the
online supplemental materials. EndNote (V.X9.3.2, Clar-
ivate Analytics, Philadelphia, USA) was used to retrieve
citations.

Study selection

Two reviewers (JS and EC) independently screened arti-
cles for inclusion based on the following criteria: adults
(over 18 years old) with moderate or severe AS, treated
with any AHT and assessed for any parameter of efficacy
(eg, survival, reduction in blood pressure, improvement
in LV function) and safety outcomes (eg, mortality, renal
impairment). Studies were excluded did not describe AS
severity grade, had a sample size less than six patients
or if abstracts or unpublished studies were not meth-
odological quality-assessable and critically appraisable.
Bibliographies of review articles were analysed for addi-
tional articles but excluded for the purposes of the study.
Systemic review management software (Covidence,

Melbourne, Australia) was used to track papers. Conflicts
were resolved by consensus with a third reviewer (TM).

Data extraction

Data extraction was done by two independent reviewers
(JS and EC) using standard forms. Any disagreements
and conflicts were resolved by a third reviewer (TM).
The variables extracted are described in online supple-
mental materials. Post-treatment values and/or change
from baseline (mean and SD, effect estimates and 95%
CI or number and proportions) were recorded for the
primary outcome, mortality, and secondary outcomes, LV
mass index, systolic blood pressure, diastolic blood pres-
sure and LV ejection fraction. Other outcomes extracted
included post-AVR complications such as atrial fibrilla-
tion, stroke, need for permanent pacemaker, readmis-
sion or acute kidney disease and other haemodynamic or
echocardiographic parameters such as mean atrial pres-
sure, heart rate, aortic valve area, mean pressure gradient,
deceleration time, E/A ratio and E/e’ ratio. The authors
of included studies were contacted for clarification, when
needed.

Risk of bias and quality assessments

Risk of bias assessments were conducted independently
by two reviewers (JS and EC) using the Cochrane Collab-
oration tool for RCTs (which include judgement of bias
from random sequence generation, allocation conceal-
ment, blinding of participants and personnel, assess-
ments should be made for each main outcome, blinding
of outcome assessment, incomplete outcome data and
selective reporting). Quality of non-randomised case—
control and cohort studies were assessed using Newcastle-
Ottawa Scale (which include assessment of patient
selection, comparability and outcomes), while quality of
uncontrolled observational studies was assessed based on
National Heart, Lung and Blood Institute Study Quality
Assessment Tool for Before-After Studies with No Control
Group.

Data syntheses and analyses

Dichotomous outcomes (alive vs dead at follow-up) were
expressed as numbers, proportions and relative risks
(RR), time-to-event outcomes (mortality) were expressed
as HRs with 95% CI, while continuous outcomes were
expressed as means and SD, and standardised mean
differences. Meta-analyses were performed to pool data
and to obtain overall effect sizes using a random-effects
model. Event rate data were available for mortality and
were pooled to determine effect size as RR. For other
continuous outcomes, standardised mean differences
were determined from taking the means and SD of the
intervention and control groups. A two-sided p<0.05 was
considered statistically significant. Additional subgroup
analyses were done separately according to study design
(observational studies or RCTs), drug class, presence
of AVR, country, age, severe AS only and LV ejection
fraction (LVEF), if each subgroup has more than one
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study. Heterogeneity between studies was tested for
each outcome using I? statistic (where 0%—40% is not
important, 30%—-60% is moderate, 50%—-90% is substan-
tial and 75%-100% is considerable).”” Funnel plots,
Egger test and p curve analyses were used to assess publi-
cation bias.*™ All statistical analyses were conducted in R
(R Project for Statistical Computing, V.8.5.3).*

Public and patient involvement

This systematic review arose from clinical observation and
discussion with individual patients with AS, but there was
no systematic public involvement in the research process,
design of and interpretation of results from this systematic
review. However, the findings of this review will be shared
with members of the public, patient and other healthcare
professionals via news and educational meetings.

RESULTS

Search results and study characteristics

Among 3025 unique citations screened, 31 studies
(n=26500) ,21 40-72 consisting of eight RCTs, 16 cohort, one
cross-over and six uncontrolled studies, were included

in the qualitative analysis, and 24 studies were included
in the meta-analysis (figure 1). Study characteristics are
summarised in table 1. Sample sizes ranged from 15 to
15896 patients. The follow-up period was at least 1year
for 50% of the studies. The clinical effect of RAAS inhibi-
tors (RAASI) was assessed in 19/30 (63.3%), nitroprusside
in 4/30 (13%—all uncontrolled studies), beta-blockers
(BB) in 3/31 (9.7%), calcium channel blocker (CCB) in
1/31 (8.2%), frusemide in 1/31 (3.2%), RAASi or BB in
2/31 (6.5%) and RAASi or BB or diuretics in 1/31 (3.2%)
of studies. Clinical outcomes of AHT following transcath-
eter AVR, surgical AVR and without AVR were explored in
26.7%, 13.3% and 60% of studies, respectively.

Patient characteristics

Baseline patient characteristics of each study are
summarised in tables 2 and 3. Overall, the mean age was
83.7+7.9 years, there were 11960 females (47.2%), and
70.6% of patients had New York Heart Association (NYHA)
class IIT or IV heart failure. Common comorbidities were
dyslipidaemia (54.3%), diabetes (34.3%), coronary artery
disease (35.5%), atrial fibrillation (34.3%), moderate or

Figure 1 Flow diagram of study selection.
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A

Selective reporting (Reporting bias)

Random sequence generation (Selection bias)

Incomplete outcome data (Attrition bias)

Blinding of participants and personnel (Performance bias)

Blinding of outcome assessment (Detection bias)

Allocation concealment (Selection bias)

Selective reporting (Reporting bias)

Random sequence generation (Selection bias)

Incomplete outcome data (Attrition bias)

Blinding of participants and personnel (Performance bias)

Blinding of outcome assessment (Detection bias)

Allocation concealment (Selection bias)

Barbanti 2015

Bull 2015
Chockalingam 2004
Dahl 2013
Dalsgaard 2014
Hansson 2017
Helske—Suihko 2015

| . Low risk of bias I:' Unclear risk of bias

B High risk of bias |

Figure 2 Risk-of-bias assessment of randomised controlled trials. Risk-of-bias summary (A) and graph (B).

severe mitral regurgitation (12.8%) and moderate or
severe aortic regurgitation (5.1%). The mean aortic valve
area was 0.7 (SD:0.3) cm?, peak velocity was 4.3 (SD:0.7)
m/s, pressure gradient was 48.5 (SD:14.9) mm Hg, LV
ejection fraction was 52.2% (SD:12.4%) and LV mass
index was 131.1 (SD:38.5) g/mQ.

Risk of bias and quality assessments

Eight studies were RCTs. Based on the Cochrane Collab-
oration tool, five out of eight trials had some risk of bias.
However, 63% of trials had low risk of selection bias
(through use of random sequence generation), 50% had
low risk of selection bias (from allocation concealment),
75% had low risk of performance bias (from blinding of
participants and personnel), 75% had low risk of detec-
tion bias (from blinding of outcome assessment), 88%
had low risk of attrition bias (from incomplete outcome)
and 100% had low risk of reporting bias (figure 2).
Most of the included studies (73%) were observational
cohort studies, and the majority were of good (63%) or
fair (17%) quality based on the Newcastle Ottawa Scale
(online supplemental materials).

Primary efficacy and safety outcome: all-cause mortality

Overall, AHT was not associated with risk of all-cause
mortality (RR 0.77, 95% CI 0.52 to 1.13, p=0.16, figure 3)
compared with no AHT or placebo in nine studies
(n=22468) ! 1451752555775 (yithy substantial heterogeneity

(I°=85%, p<0.01). Most studies assessed effects of RAASi
and found that RAASi were associated with reduced
risk of all-cause mortality (RR 0.69, 95% CI 0.49 to 0.97,
p=0.04, 12=86.9%) with median follow-up ranging from
1 to 5.8 years. The pooled random effect of BB versus
without BB from two studies with median follow-up of
10-12 months was not significantly different.*' * Simi-
larly, one study did not find a difference in mortality
risk between frusemide-induced diuresis with matched
isotonic intravenous hydration and normal saline solution
with follow-up period of 30 days. One observational study
(the Exercise Testing in Aortic Stenosis (EXTAS) cohort
study) found CCB was associated with increased risk of
all-cause mortality (34% in patients who received CCB
vs 23% without CCB, p=0.049) over a median follow-up
of 25 months.” Furthermore, AHT was associated with
reduced all-cause mortality after transcatheter AVR (RR
0.85, 95% CI 0.79 to 0.93, p=0.004, I’=0%). All studies
included patients with severe AS, and only one of eight
studies were randomised.”

In eight observational studies that reported HRs, the
pooled HR was not statistically significant, with substantial
heterogeneity across studies (1>=77%, p<0.01) 244757587
There was a statistically significant difference between
drug class (p<0.0001), however, only one study assessed
each drug class: BB, CCB and diuretics compared with
seven studies that assessed RAASI (figure 4). From studies
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Intervention Control
Study Events Total Events Total
Beta blocker
Pino 2019 (BB) 52 284 16 88
Rossi 2015 (BB) 7 33 40 80
Heterogeneity: 12 = 74%, 1% = 0.2799, p =0.05
Calcium channel blocker
Saeed 2019 16 80 13 234
Diuretic
Barbanti 2015 1 56 2 56
RAAS inhibitor
Pino 2019 (ACEi) 25 151 43 221
Rodriguez-Gabella 2019 235 1622 177 1161
Ochiai 2018 28 371 24 189
Magne 2018 41 268 91 240
Inohara 2018 994 7948 1184 7948
Goel 2014 170 741 392 1011
Overall random effects 11101 10770

Heterogeneity: |1° = 87%, t° = 0.0610, p < 0.01

Overall random effects 11554 11228
Heterogeneity: 12 = 85%, 1° = 0.0891, p < 0.01
Residual heterogeneity: 12 = 86%, p <0.01

Risk Ratio [95% CI] Weight

—— 1.01 [0.61; 1.67] 9.1%
e 0.42 [0.21; 0.85] 6.7%
— 360 [1.81; 7.15] 6.7%

0.50 [0.05; 5.36] 0.9%

5 [0.54; 1.33] 10.1%
5 [0.79; 1.14] 14.6%
9 [0.35; 1.00] 9.0%
0 [0.29; 0.56] 12.2%
A
9
9

[078° 0.91] 15.7%
[0.51: 0.69] 15.0%
[0.49; 0.97] 76.6%

- 0.77 [0.52; 1.13] 100.0%

T T T 1

0.05 02 05 1_2 57
Favours Intervention Favours Control

Figure 3 Forest plot of the effect of antihypertensive therapies on all-cause mortality at follow-up. ACEi, ACE inhibitor; BB,

beta-blockers.

that conducted survival analyses, RAASi was also associ-
ated with reduced all-cause mortality with pooled HR of
0.58 (95% CI0.43 to 0.80, p=0.006) with median follow-up
ranging from 10 months to 5.8 years. The EXTAS study
found that CCB was associated with 7-fold increased risk
of all-cause mortality based on a multivariate Cox regres-
sion model.” When stratified by mean age, AHT was
significantly associated with reduced mortality in studies
with mean age over 70 years (HR 0.54, 95% CI 0.36 to
0.80). However, when stratified by LV ejection fraction
by at least 50% vs over 50%, there was no difference in
mortality.

Secondary outcomes

AHT did not have a significant effect on change in LV
mass index (standardised mean difference=—0.80, 95% CI
-1.86 to 0.25, p=0.11) or LV mass index at median
follow-up duration ranging from 22 weeks to 1.1 years
(standardised mean difference=-0.27, 95% CI -0.61 to

0.08, p=0.10), although there was substantial heteroge-
neity (I"=93% and 73%, respectively) (figure 5). When
meta-analysis was limited to only RCTs (5/6 studies), AHT
was still not significantly associated with LV mass index
(standardised mean difference=-0.91, 95% CI -2.27 to
0.45, p=0.14). Similarly, the effects of AHT on changes
of systolic blood pressure (figure 6A, standardised
mean difference=-0.51, 95% CI -1.08 to 0.07, p=0.07)
or diastolic blood pressure (figure 6B, standardised
mean difference=—0.56, 95% CI -1.57 to 0.46, p=0.18),
compared with controls was not statistically significant,
but favoured use of AHT. The median follow-up ranged
from 49 days to 1.1 years. Meta-analyses after removing
studies with shortterm (49 days) follow-up™ or only
including RCTs* % **%° showed consistent findings of no
statistical difference in changes in blood pressures.

The effect of AHT on change of LV ejection fraction
was not statistically significant (figure 7, standardised

Study HR 95%-Cl Weight
Beta blocker

Rossi 2015 (BB) —— 0.38 [0.14; 0.96] 5.7%
Calcium channel blocker ‘

Saeed 2019 ——> 7.09 [2.15;23.38] 4.5%
Diuretic

Rossi 2015 (Diuretics) T 2.10 [0.89; 5.00] 6.8%
RAAS inhibitor

Rodriguez-Gabella 2019 —= 0.59 [0.41; 0.87] 12.6%
Ochiai 2018 — 0.45 [0.22; 0.92] 8.2%
Magne 2018 —= 0.31 [0.20; 0.47] 11.8%
Inohara 2018 0.82 [0.76; 0.90] 15.3%
Rossi 2015 (ACEi) —— 0.54 [0.31; 0.98] 10.1%
Goel 2014 s N 0.64 [0.47; 0.87] 13.3%
Nadir 2011 (severe AS group) —r 0.75 [0.49; 1.15] 11.8%
Overall random effect A 0.58 [0.43; 0.80] 83.0%
Heterogeneity: 1% = 78%, 1% = 0.0923, p < 0.01 :

Overall random effect - 0.69 [0.41; 1.15] 100.0%
Heterogeneity: 12 = 81%, 1 =0.1530, p <0.01 [ T I I I !

Residual heterogeneity: 12 = 78%, p <0.01

2 05 1_2 5 23
Favours Intervention  Favours Control

Figure 4 Forest plot of the effect of antihypertensive therapies on HR of all-cause mortality at follow-up. ACEi, ACE inhibitor;
AS, aortic stenosis; RAAS, renin-angiotensin and aldosterone systems.
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A Intervention Control
Study Total Mean SD Total Mean SD SMD [95% CI] Weight
Beta blocker
Hansson 2017 19 -5.00 800 19 -2.00 8.00 —_— -0.37 [-1.01; 0.27] 15.7%
Overall random effect 19 19 - -0.37 [-1.01; 0.27] 15.7%
RAAS inhibitor
Ochiai 2018 305 -16.00 33.00 147 -6.00 25.00 -0.33 [-0.52; -0.13] 18.2%
Helske-Suihko 2015 22 -9.00 24.00 21 1.00 26.00 =T -0.39 [-1.00; 0.21] 16.0%
Bull 2015 49 -100 160 47 350 1.50 —= -2.88 [-3.45;-2.30] 16.2%
Dahl 2013 46 -30.00 40.00 45 -10.00 28.00 = = -0.57 [-0.99; -0.15] 17.2%
Stewart 2008 33 -0.30 1460 32 5.10 15.00 T -0.36 [-0.85; 0.13] 16.8%
Overall random effect 455 292 ————— -0.89 [-2.24; 0.47] 84.3%
Heterogeneity: /2 = 94%, 1 = 0.7073, p < 0.01
Overall random effect 474 311 —_— -0.80 [-1.86; 0.25] 100.0%
Heterogeneity: /2 = 93%, 12 = 0.6148, p < 0.01 1
Residual heterogeneity: 1 =94%, p<0.01 -4 -3 -2 -1 0 1
Favours Intervention Favours Control

B .

Intervention Control
Study Total Mean SD Total Mean SD SMD [95% CI] Weight
Beta blocker
Hansson 2017 19 78.00 15.00 19 82.00 18.00 —_— -0.24 [-0.87; 0.40] 12.0%
Overall random effect 19 19 —_— -0.24 [-0.87; 0.40] 12.0%
RAAS inhibitor
Ochiai 2018 305 118.00 33.00 147 117.00 38.00 — 0.03 [-0.17; 0.23] 25.8%
Goh 2017 (Low flow, SVI<35) 64 99.90 25.10 178 121.60 37.80 — -0.62 [-0.91; -0.33] 22.6%
Goh 2017 (Normal Flow) 49 142.30 41.30 137 147.30 43.20 —= -0.12 [-0.44; 0.21] 21.3%
Dahl 2013 46 103.00 29.00 45 117.00 32.00 —_— -0.45 [-0.87;-0.04] 18.2%
Overall random effect 464 507 —————— -0.28 [-0.76; 0.21] 88.0%
Heterogeneity: /2 = 80%, 1% = 0.0877, p < 0.01
Overall random effect 483 526 ———— -0.27 [-0.61; 0.08] 100.0%
Heterogeneity: /% = 73%, 1° = 0.0738, p < 0.01
Residual heterogeneity: /2 = 80%, p < 0.01 -0.5 0 05
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Figure 5 Forest plot of the effect of antihypertensive therapies on (A) change in Left Ventricular Mass Index (LVMI) and (B)
post-LVMI. RAAS, renin—-angiotensin and aldosterone systems; SMD, standardised mean difference.

A

Intervention Control
Study Total Mean SD Total Mean SD SMD [95% CI] Weight
Beta blocker
Hansson 2017 19 -5.00 13.00 19 -3.00 12.00 — T -0.16 [-0.79; 0.48] 17.6%
Overall random effect 19 19 R -0.16 [-0.79; 0.48] 17.6%
RAAS inhibitor
Ochiai 2018 100 3.00 20.00 45 9.00 19.00 — -0.30 [-0.66; 0.05] 24.8%
Helske-Suihko 2015 22 -6.00 17.00 21 -4.00 18.00 ——. -0.11 [-0.71; 0.49] 18.5%
Bull 2015 36 -550 220 41 -290 2.10 — -1.20 [-1.69; -0.71] 21.2%
Dalsgaard 2014 21 -14.00 11.00 22 -5.00 13.00 — -0.73 [-1.35; -0.11] 18.0%
Overall random effect 179 129 ——————— -0.59 [-1.36; 0.19] 82.4%
Heterogeneity: /> = 73%, v* = 0.1728, p = 0.01
Overall random effect 198 148 g -0.51 [-1.08; 0.07] 100.0%
Heterogeneity: 1> = 68%, v = 0.1450, p = 0.02 I ' L T !
Residual heterogeneity: Iz=73%,p=0401 -2 -15 -1 -05 0 05 1

Favours Intervention Favours Control

B

Intervention Control
Study Total Mean SD Total Mean SD SMD [95% CI] Weight
Beta blocker
Hansson 2017 19 -2.00 7.00 19 0.00 7.00 — -0.28 [-0.92; 0.36] 24.1%
Overall random effect 19 19 e -0.28 [-0.92; 0.36] 24.1%
RAAS inhibitor
Helske-Suihko 2015 22 -5.00 11.00 21 -3.00 11.00 - -0.18 [-0.78; 0.42] 24.8%
Bull 2015 36 -3.60 1.80 41 -1.40 1.10 —_ -1.48 [-1.99; -0.97] 26.3%
Dalsgaard 2014 21 -8.00 12.00 22 -5.00 14.00 —ae -0.23 [-0.83; 0.37] 24.8%
Overall random effect 79 84 —— (.64 [-2.49; 1.21] 75.9%
Heterogeneity: /> = 86%, v = 0.5202, p < 0.01
Overall random effect 98 103 ———— -0.56 [-1.57; 0.46] 100.0%
Heterogeneity: /* = 81%, 1° = 0.3810, p < 0.01 f J T !
Residual heterogeneity: /2 = 86%, p < 0.01 4 2 A 0 1
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Figure 6 Forest plot of the effect of antihypertensive therapies on change in (A) systolic blood pressure and (B) diastolic blood
pressure during follow-up. RAAS, renin-angiotensin and aldosterone systems; SMD, standardised mean difference.
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Intervention Control
Study Total Mean SD Total Mean SD
Beta blocker
Hansson 2017 19 -1.00 6.00 19 1.00 4.00

Heterogeneity: not applicable

RAAS inhibitor

Rodriguez-Gabella 2019 1622 0.00 141.78 1163 0.00 128.76

Helske—Suihko 2015 22 300 700 21 -1.00 7.00
Bull 2015 36 1.00 1.00 41 -0.30 1.00
Dalsgaard 2014 21 220 400 22 150 4.00
Stewart 2008 33 040 350 32 030 4.00
Heterogeneity: 12 = 86%, 1° = 0.2428, p < 0.01

Overall random effect 1753 1298

Heterogeneity: /2 = 83%, 1° = 0.2131, p < 0.01
Residual heterogeneity: 1% = 86%, p<0.01

SMD  [95% CI] Weight

-0.38 [-1.03;0.26] 14.5%

0.00 [-0.08; 0.08]
0.56 [-0.05; 1.17]
1.29 [0.79;1.78]
0.17 [-0.43;0.77]
0.03 [-0.46; 0.51]

21.7%
15.0%
16.8%
15.2%
16.9%

_
[ T T 1

-2 -1 0 1 2
Favours Control Favours Intervention

0.28 [-0.33; 0.88] 100.0%

Figure 7 Forest plot of the effect of antihypertensive therapies on change in left ventricular ejection fraction during follow-up.
RAAS, renin—angiotensin and aldosterone systems; SMD, standardised mean difference.

mean difference=0.28, 95% CI -0.33 to 0.88, p=0.29) with
follow-up period ranging from 49 days to 3 years. When
study with short term follow-up (49 days)”® was removed
or only included RCTs," 7% 745° % results of meta-analyses
were consistent and showed no difference in change in
LV ejection fraction.

The Ramipril In Aortic Stenosis (RIAS) trial demon-
strated a modest, butsignificant regression of LVH in rami-
pril group versus placebo group over ayear (mean change
in LV mass of -3.9 vs +4.5 g, respectively, p=0.006), which
could not be explained by reduction in systolic (p=0.374)
or diastolic blood pressures (p=0.16)."" This trial also
found a trend towards reduced progression of AS, but was
notstatistically different (mean change in aortic valve area
of 0cm® in ramipril group vs ~0.2cm2 in placebo group,
p=0.067). Similarly, in another RCT, angiotensin receptor
blockage with candesartan after AVR was associated with
significant LVH regression compared with standard treat-
ment (mean change in LV mass index of -30 vs -12g/
m®, p=0.015), but no significant difference in change in
systolic blood pressure during 12-month follow-up.”® The
Optimised CathEter vAlvular iNtervention-transcatheter
aortic valve implantation (TAVI) registry also showed that
using propensity score-matched cohort analysis, patients
with RAASI postoperatively had greater LVH regression
than without (mean change in LV mass index of -9 vs
-2g/m?, p=0.024) in 6 months post-AVR."

Safety outcomes post-AVR

Overall, post-TAVI, the risk of acute kidney injury was
not significantly lower in patients on AHT compared
with controls (RR 0.80, 95% CI 0.35 to 1.84, p=0.47), but
substantial heterogeneity was demonstrated (I*=53%).
An RCT called the PROphylactic effect of frusemide-
induCed diuresis with matched isotonic intravenous
hydraTion in TAVI showed that frusemide-induced
diuresis reduced incidence of acute kidney injury post-
TAVI, but the duration of follow-up was only 30 days.”
Furthermore, an observational study in TAVI patients
found that glomerular filtration rate increased from
baseline more significantly in RAASi patients (40%)
compared with non-RAASi (29%) (p=0.001) and RAASi
was independently associated with reduction in risk of

development of postoperative AKI (OR 0.51, 95% CI 0.28
to 0.91, p=0.0024).40 Other outcomes such as hospital
readmission (p=0.24), atrial fibrillation (p=0.92), stroke
(p=0.31) and need for permanent pacemaker implan-
tation (p=0.94) were also not statistically significant
(table 4) with follow-up period ranging from 30 days to
3 years. When meta-analyses were excluded studies of
less than 1-year follow—up,44 %2 no statistical differences in
outcomes were still observed.

Although some asymmetry was found in funnel plots,
the publication bias appears low using Egger’s tests
(p=0.14), and p value analyses (see online supplemental
materials). Of nine studies/subgroups in the mortality
analysis, 4 had p value lower than 0.025, and the power
of the analysis was 65% (95% CI 23.9% to 90.3%). These
p curve estimates suggest that evidential value is present,
and that the results are not the product of publication
bias and ‘p-hacking’ alone.

Other haemodynamic and echocardiographic changes
Favourable outcomes such as improved haemodynamic
parameters and LV function were described in some
studies. However, when data were pooled in meta-
analyses, there were no statistically significant differences
between AHT or placebo/without AHT for mean arterial
pressure (three studies with follow-up period 15min to
22 weeks), heart rate (three studies with follow-up period
of 49 days to lyear), aortic valve area (three studies with
follow-up period of 19 months to 3 years), mean pres-
sure gradient (three studies with follow-up period of 3-5
months), deceleration time (three studies with follow-up
period of 22 weeks to lyear), E/A ratio (three studies
with follow-up period of 3-5 months) or E/e’ ratio (four
studies with follow-up period of 22 weeks to 1.6 years
(table 4).

Other descriptive syntheses

The effect of vasodilator (nitroprusside) infusions in
patients with severe AS was only assessed in small uncon-
trolled observational studies.” ® ™ ™ ™ These studies
suggest that nitroprusside can improve cardiac function
by reducing afterload and LV filling pressures, and by
increasing the cardiac index and stroke volume index in
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Table 4 Pooled risk ratios for postaortic valve replacement complications, haemodynamic and echocardiographic parameter

changes with antihypertensive therapies at follow-up

Postoperative complications No of studies Risk ratio 95% CI P value 12 (%)
Postoperative atrial fibrillation 6 0.98 0.64t01.50 0.92 81.2
Postoperative stroke or transient ischaemic attack 4 0.45 0.06t03.69 0.31 86.9
Acute kidney injury 8 0.8 0.35t01.84 0.47 53
Permanent pacemaker 5 0.99 0.62to1.58 0.92 70
Readmission 5) 0.79 0.40t0o1.60 0.43 82
Haemodynamic and echocardiographic parameters No of studies SMD 95% CI P value I? (%)
Post-mean arterial pressure 8 -0.62 -2.85t01.60 0.35 79
Change in heart rate 3 -0.41 -1.71t00.88 0.3 61
Post-heart rate 3 -0.68 -2.60t01.23 0.26 80
Change in aortic valve area 3 0.09 -0.36t0 0.54 0.48 37
Post-aortic valve area 3 0.01 -0.14t00.16  0.89 0
Post-mean pressure gradient 3 -0.16 -0.55t00.23 0.28 25
Post-deceleration time & 0.03 -0.23t00.30 0.71 0
Post-E/A ratio 3 -0.06 -0.43t00.32 0.67 23
Post-E/e’ ratio 4 0.16 -0.56t00.87 0.54 65

Other haemodynamic and echocardiographic changes.
SMD, standardised mean difference.;

low-flow AS. No adverse effects were reported in patients
receiving nitroprusside infusions. As such, nitroprusside
can be a safe and effective bridge to AVR or long-term oral
vasodilator treatment, however, patients should be moni-
tored closely due to the potential risks of chronic, persistent
vasodilation.

Safety

AHT is generally well tolerated and safe. Our meta-analysis
found a statistically significant reduction in mortality when
patients were treated with RAASi or when AHT was used
post-AVR. A retrospective study in patients receiving a
transcatheter AVR reported that BB was an independent
predictor of survival and the HR in the absence of BB was
36.3 (95% CI 4.1 to 325.2, p=0.001).”" Two other studies
reported that RAASi or BB did not affect survival.” ® In
contrast, the use of CCB was associated with shorter exer-
cise time and significantly reduced survival.”” An observa-
tional, single blinded study, with randomisation of the order
of drug withdrawal, demonstrated clinical benefit of ACE
inhibitors through significant reduction in systolic blood
pressure, increase in mean pressure gradient and reduced
LV stroke work.”® Similarly, another non-controlled study
showed benefit with use of captopril in patients with critical
AS and heart failure through reduction in systemic vascular
resistance and stroke volume, and increase in cardiac
output and cardiac index.”

DISCUSSION

Clinical outcomes

Based on pooled effect estimates from all relevant studies,
this systematic review and meta-analysis provides some

evidence that AHT is safe and RAASi was clinically bene-
ficial for patients with moderate to severe AS. We demon-
strated significant improvement in survival or reduction
in mortality in patients receiving RAASI, although hetero-
geneity was substantial across studies. Subgroup analyses
by drug class and AVR was conducted to investigate the
heterogeneous results, however, substantial heteroge-
neity persisted, which may reflect more systematic nature
of the studies, such as variability in study design, dose and
duration of AHT, and length of follow-up across studies.
There were some discrepant results in studies when inter-
preted in isolation as some studies failed to demonstrate
significant outcomes,42 616365 \hile others were associated
with improved outcomes.

In contrast to our findings, a previous systematic review
assessing the effects of renin—angiotensin system inhib-
itors found no significant difference in mortality, but
included patients with any stage of AS severity.”” The
present study, however, underscores the place of hyper-
tension as an independent predictor of adverse cardio-
vascular outcomes in patients with AS.*” 77 Contrary to
the clinical expectations of many physicians, our data
suggest that the benefit of RAASI may be most substan-
tial in those with critical or severe AS with haemodynamic
compromise.

Post-AVR

Guidelines recommend AVR in patients with severe
symptomatic AS or LV dysfunction.” ** LV hypertrophy
post-AVR has been associated with poorer postproce-
dural outcomes.”™” In patients with surgical or transcath-
eter AVR, we found a significant survival benefit, and
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reduced risk of acute kidney injury in patients receiving
AHT compared with controls or placebo, despite hetero-
geneity. There were no significant differences in the
incidence of postoperative atrial fibrillation, stroke or
transient ischaemic attack, need for a permanent pace-
maker or readmission rates. Current clinical trials such
as the randomised multicentre phase II ARISTOTE
trial assessing the effects of valsartan, an angiotensin-II
receptor blocker, aim to clarify which AHT is most benefi-
cial in moderate or severe AS.* There is also evidence to
suggest that systolic blood pressure increase significantly
post-TAVI, which was shown to be associated with increase
in stroke volume and cardiac output.*' There is conflicting
evidence to suggest if this improves or worsens clinical
outcomes. A prospective study found that patients with
increased blood pressure was associated with lower risk
of worsening heart failure, myocardial infarction, stroke
or recurrent hospitalisation compared with stable blood
pressure (53% vs 83%, p<0.01).*" However, another study
found that persistent hypertension after TAVI was associ-
ated with reduced symptomatic improvement (increase
NYHA functional class and reduced 6 min walk test).*?

Surrogate markers

Interestingly, there was no favourable reduction in
LV mass index, systolic or diastolic blood pressures in
patients with AHT, compared with controls or placebo.
Other haemodynamic or echocardiographic parame-
ters did not differ significantly between those who were
prescribed AHT and those who were not, however, pooled
data were limited by substantial heterogeneity, variability
in measurements, differences in follow-up periods and
patient characteristics. Evidence was also mostly derived
from non-randomised trials and randomised trials with
small sample sizes.

The results also show that different AHT have varying
impact on LV function and clinical outcomes.’* > %% &
Some authors attribute the benefits of AHT in this context
to reduction in haemodynamic stress and myocardial
ischaemia and to reduction in heart failure symptoms.55 8
Haemodynamic factors and neurohormonal systems such
as the RAAS are implicated in LV hypertrophy and
myocardial fibrosis in AS.% % There remains a need for
future studies to establish an appropriate blood pressure
target and to clarify the optimum dosing, initiation time
frame and duration of treatment with AHT for patients
with moderate or severe AS. Most studies included in our
meta-analysis assessed the effects of RAASi. There are
insufficient data to compare clinical outcomes between
drug classes and to evaluate whether a particular drug
class is clinically superior in patients with moderate or
severe AS.

CONCLUSION

This is the first systematic review and meta-analysis to
show that RAASi appears to have a clinical benefit in
patients with moderate or severe AS, but is limited by

the small number of studies and substantial heteroge-
neity. The included randomised trials were generally of
good quality, but not all RCTs reported all outcomes rele-
vant to this review and only one study reported all-cause
mortality.”* Nevertheless, improved survival compared
with control/placebo was demonstrated in these patients,
especially in those who had a transcatheter AVR. Further
studies with clear inclusion and exclusion criteria, longer
term follow-up and reporting of clinical outcomes are
needed before stronger policies are recommended for
AHT use in patients with moderate or severe AS. RCTs
with an appropriate sample size are required in order
to determine which AHT is optimum in patients with
moderate or severe AS.
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