
HAL Id: hal-02490359
https://hal.science/hal-02490359

Submitted on 25 Feb 2020

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Blockade of the renin-angiotensin-aldosterone system in
patients with arrhythmogenic right ventricular

dysplasia: A double-blind, multicenter, prospective,
randomized, genotype-driven study (BRAVE study)

Elodie Morel, Ab Waheed Manati, Patrice Nony, Delphine Maucort-Boulch,
Francis Bessière, Xu Cai, Timothee Besseyre Des Horts, Alexandre Janin,

Adrien Moreau, Phillippe Chevalier

To cite this version:
Elodie Morel, Ab Waheed Manati, Patrice Nony, Delphine Maucort-Boulch, Francis Bessière, et al..
Blockade of the renin-angiotensin-aldosterone system in patients with arrhythmogenic right ventricular
dysplasia: A double-blind, multicenter, prospective, randomized, genotype-driven study (BRAVE
study). Clinical Cardiology, 2018, 41 (3), pp.300-306. �10.1002/clc.22884�. �hal-02490359�

https://hal.science/hal-02490359
https://hal.archives-ouvertes.fr


T R I A L D E S I GN S

Blockade of the renin-angiotensin-aldosterone system in
patients with arrhythmogenic right ventricular dysplasia:
A double-blind, multicenter, prospective, randomized,
genotype-driven study (BRAVE study)

Elodie Morel1 | Ab Waheed Manati2 | Patrice Nony3 | Delphine Maucort-Boulch3 |

Francis Bessière1 | Xu Cai1 | Timothee Besseyre des Horts1 | Alexandre Janin2 |

Adrien Moreau2 | Phillippe Chevalier1,2

1Service Rythmologie, Hôpital Cardiologique

Louis Pradel, Hospices Civils de Lyon, Lyon,

France

2Institut NeuroMyoGène, CNRS UMR 5310,

INSERM U1217, Claude Bernard University

Lyon 1, Lyon, France

3Service de Biostatistiques, Hospices Civils de

Lyon, Lyon, France

Correspondence

Philippe Chevalier, MD, PhD, Service de

Rythmologie, Hôpital Cardiologique Louis

Pradel, 59 Boulevard Pinel, 69677 Bron

CEDEX, France

Email: philippe.chevalier@chu-lyon.fr

Arrhythmogenic right ventricular dysplasia (ARVD) is a rare cardiomyopathy characterized by

the progressive replacement of cardiomyocytes by fatty and fibrous tissue in the right ventricle

(RV). These infiltrations lead to cardiac electrical instability and ventricular arrhythmia. Current

treatment for ARVD is empirical and essentially based on treatment of arrhythmia. Thus, there

is no validated treatment that will prevent the deterioration of RV function in patients with

ARVD. The aim of the BRAVE study is to evaluate the effect of ramipril, an angiotensin-

converting enzyme inhibitor, on ventricular myocardial remodeling and arrhythmia burden in

patients with ARVD. Despite the fact that myocardial fibrosis is one of the structural hallmarks

of ARVD, no study has tested an antifibrotic drug in ARVD patients. The trial is a double-blind,

parallel, multicenter, prospective, randomized, phase 4 drug study. Patients will be randomized

into 2 groups, ramipril or placebo. The 120 patients (60 per group) will be enrolled by 26 cen-

ters in France. Patients will be followed up every 6 months for 3 years. The 2 co–primary end-

points are defined as the difference of telediastolic RV volume measured by magnetic

resonance imaging between baseline and 3 years of follow-up, and the change in arrhythmia

burden during the 3 years of follow-up. A decrease in RV and/or left ventricular deterioration

and in arrhythmia burden are expected in ARVD patients treated with ramipril. This reduction

will improve quality of life of patients and will reduce the number of hospitalizations and the

risk of terminal heart failure.
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1 | INTRODUCTION

Arrhythmogenic right ventricular dysplasia (ARVD) is a rare cardiomy-

opathy with low incidence (2/10 000 person-years) and prevalence

(0.02%–0.1%). This disease is characterized by the progressive

replacement of cardiac muscle cells by fatty and fibrous tissue in the

right ventricle (RV). Fontaine et al. were the first to demonstrate the

RV origin of ventricular arrhythmias in some patients with apparently

healthy heart.1 The disease is diagnosed most often in adolescents

and young adults. The disease is more common in men than in

women (3:1 ratio). The most common location is between the ante-

rior infundibulum, the apex of the RV, and the lower or diaphragmatic

aspect of the RV. This dysplasia can lead to a dilatation or aneurysm

formation with paradoxical movements. In more advanced cases,

almost all of the RV is replaced by fibrous and fatty tissue. The left

ventricle (LV) and the septum are usually spared but can be affected

Received: 13 October 2017 Revised: 28 December 2017 Accepted: 29 December 2017

DOI: 10.1002/clc.22884

300 © 2018 Wiley Periodicals, Inc. wileyonlinelibrary.com/journal/clc Clinical Cardiology. 2018;41:300–306.

http://orcid.org/0000-0001-8943-1760
http://wileyonlinelibrary.com/journal/clc


in the most extensive cases. Expressivity of ARVD is variable, from

mildly symptomatic clinical forms to severe forms. These infiltrations

lead to instability of the electrical activity of the heart thus facilitating

the reentry phenomena and therefore ventricular tachycardia (VT),

severe ventricular arrhythmias, and even sudden cardiac death (SCD).

The clinical diagnosis of ARVD is based on a series of clinical criteria

established by international consensus.2,3

The first clinical signs appear before the age of 40 in >80% of

cases. This is one of the common causes of SCD (5% of SCD), espe-

cially in the young and athletic. ARVD leads to irreversible heart fail-

ure (HF) observed in 75% of the patients. About 50% of ARVD cases

are hereditary. Genetic transmission is usually autosomal dominant.

The main candidate genes of ARVD are the plakophilin 2 gene

(PKP2), desmoglein 2 gene (DSG2), desmocollin 2 gene (DSC2), and

desmoplakin gene (DSP). These desmosome proteins are important

for the mechanical integrity of the cardiomyocytes. These mutations

are associated with more significant structural degradation.

Current treatment for ARVD is empirical and essentially based on

treatment of arrhythmia and prevention of SCD with β-blockers,

implantable cardioverter-defibrillators (ICD), and ablation. An ICD is

an efficient treatment for prevention of SCD.4 Long-term follow-up

studies are rare. Magnetic resonance imaging (MRI) and echocardio-

grams are the best examinations to monitor progression of ARVD.

There is no preventive treatment of the deterioration of RV func-

tion in patients with ARVD. Several arguments may be considered for

using antifibrotic and vasodilator medications in this pathology:

1. A recent experimental study demonstrated that decreasing the

preload of the RV allowed the stabilization of cardiomyopathy.5

Fabritz et al. conducted a randomized blinded study to test a

load-reduction therapy combining furosemide and nitrates vs

water from heterozygous plakoglobin-deficient mice. The results

of this study showed that this load-reduction therapy prevented

enlargement of the RV induced by exercise and that the rate of

inducibility of VT was lower in mice receiving load-reduction

therapy.5

2. La Gerche et al. showed that physical exercises in high baromet-

ric conditions accelerate the deterioration of RV function.

Increased stress in the wall of the end-systolic RV is proportional

to the intensity of exercise; moreover, athletes have greater

structural modification of their RV relative to their LV compared

with nonathletes. They thus demonstrated consistency between

acute hemodynamic stress factors during exercise and chronic

structural changes in the heart that affect both the RV and

LV. These changes are more important to the RV than the LV.6

3. Several studies have shown that angiotensin-converting enzyme

inhibitors (ACEIs) are associated with a lower incidence of ven-

tricular arrhythmias in patients with congestive HF or LV

dysfunction.7,8

4. Fibrosis is a component of the arrhythmia substrate with adipo-

cyte degeneration. In 1982, Marcus et al. described the first clini-

cal series of ARVD patients with adipose tissue infiltration,

aneurysms, and an inconstant amount of intramyocardial fibro-

sis.9 This tissue replacement by fatty and fibrous tissue accompa-

nied by degenerative changes of myocytes and nuclei was then

consistently found in ARVD patients.10–13 Besides decreasing the

blood pressure and attenuating myocardial fibrosis, it is presumed

that ramipril has some effects on lipid peroxydation and on regu-

lation of extracellular matrix proteins.14,15

5. We brought to the fore that ACEIs might stabilize myocardial

deterioration in a preliminary study. We performed dosages of

matrix metalloproteinase (MMP)9 and its inhibitors tissue inhibi-

tor of metalloproteinase (TIMP)1 and TIMP2, in 33 patients trea-

ted with both β-blockers and ACEIs and 31 patients treated with

β-blockers without ACEIs. Each patient had blood samples 1 year

apart. Turnover of tissue collagen was measured by evolution of

MMP9/TIMP1 ratio and MMP9/TIMP2 ratio between the 2 time

points (Student test for paired samples). We observed a stabiliza-

tion of the MMP9/TIMP1 and MMP9/TIMP2 ratio in patients

treated with ACEIs (2.54 � 1.98 vs 3.38 � 2.71 for MMP9/

TIMP1; 6.92 � 8.15 vs 7.51 � 6.42 for MMP9/TIMP2;

Figure 1A). In contrast, we observed a significant increase of

MMP9/TIMP1 ratio (1.86 � 1.91 vs 3.74 � 2.36, P < 0.01) and

FIGURE 1 MMP9/TIMP1 and MMP9/TIMP2 ratios (A) in patients treated with β-blockers with ACEIs and (B) in patients treated with

β-blockers without ACEIs. **P < 0.01; *P = 0.02. Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; MMP, matrix metalloproteinase;
TIMP, tissue inhibitor of metalloproteinase
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MMP9/TIMP2 ratio (4.36 � 4.54 vs 6.70 � 4.33, P = 0.02) in

patients treated with β-blockers without ACEIs (Figure 1B).

Ramipril was chosen among the ACEIs because there is evidence

for abnormal peroxisome proliferator-activated receptor (PPAR) sig-

naling in ARVD and ramipril that has been shown to restore PPARβ/δ

and PPARγ expressions in an experimental model of cardiomyopa-

thy.16,17 Despite the fact that myocardial fibrosis is one of the struc-

tural hallmarks of ARVD, no study has tested an antifibrotic drug in

ARVD patients [18].

2 | METHODS

Blockade of the Renin-Angiotensin-Aldosterone System in Patients

With Arrhythmogenic Right Ventricular Dysplasia (BRAVE) will be a

national multicenter, prospective, randomized, controlled, double-

blind trial performed in 2 parallel groups. It is a phase 4 drug study.

This project aims to evaluate the effect of antifibrotic medication

(renin-angiotensin axis) in patients with ARVD. This is the first ran-

domized controlled trial evaluating the effect of an antifibrotic drug

on the RV degradation processes in patients with ARVD. The primary

objective is to compare at 3 years of follow-up the effect of ramipril

vs placebo on the reduction of RV deterioration and ventricular

arrhythmia in patients with ARVD using MRI and 24-hour Holter

ECG. The second objectives of the study are (1) to compare the

effect of ramipril treatment vs placebo at 3 years of follow-up on

morphologic, rhythmic and functional criteria (RV and LV function,

arrhythmia onset, functional symptoms), (2) to evaluate whether the

treatment effect varies according to the genotype: comparison of RV

function at 3 years of follow-up according to the genotype

(no mutation/at least 1 mutation on desmosome genes), and (3) to

evaluate the association between fibrosis and inflammation markers

and myocardial deterioration at 3 years of follow-up.

2.1 | Patient population

The study will be performed in ARVD patients meeting the criteria of

the task force established by the European Society of Cardiology

(ESC)/International Society and Federation of Cardiology (ISFC).

Patients will be recruited during hospitalization or consultation in the

cardiology unit in the 3 French national reference centers and the

22 French competence centers for rare arrhythmias (CARDIOGEN

network). The inclusion and exclusion criteria are listed in Table 1.

Patients implanted with an ICD for secondary prevention of ven-

tricular arrhythmias during the study will be excluded from the study.

2.2 | Study design

Patients will be randomized into 2 groups, ramipril or placebo. The

study has a 1:1 ratio of subjects in the 2 groups. It is expected that

26 centers in France will be required to enroll the 120 patients

(60 per group). The overall study design is shown in Figures 2 and 3.

For key study committees, participating hospitals, and investigators,

see Supporting Information, Appendix, in the online version of this

article. The study will include 2 groups: experimental group, patients

receiving renin-angiotensin-aldosterone system (RAAS) inhibitor

treatment, ramipril; and control group, patients receiving placebo.

All randomized subjects will undergo a complete workup (echo-

cardiography, MRI, Holter ECG, stress test, ECG, blood samples)

before the beginning of the treatment to confirm the ARVD diagnosis

and to evaluate the RV volume and the clinical status of the patient.

Patients will be followed up every 6 months for 3 years and any clini-

cal events will be collected. The patient will be questioned at each

visit on his sport practice (type of activity, duration, intensity). The

activity will be quantified in hours per week. At the last visit

(36 months), the complete workup will also be performed (Table 2).

2.2.1 | Randomization method

Centralized randomization will be performed through an interactive

web response system (IWRS) stratified by center and plakophilin

genotype. The investigator will contact the IWRS after assessing the

inclusion and exclusion criteria before the first administration of

study drug. Randomization will be balanced between the 2 treatment

arms. The IWRS will allocate the treatment group assignment for the

subject.

2.2.2 | Ramipril tolerance

Based on the Studies of Left Ventricular Dysfunction (SOLVD; enala-

pril evaluated in 7400 patients), it is expected that 2% to 3% of

patients will report side effects (cough, hypotension) and will not con-

tinue to participate in the study.19 In consequence, a phase of rami-

pril tolerance will be planned before the randomization. Each patient

will receive ramipril at 2.5 mg once a day for 1 week to identify

potential side effects before the baseline visit. Venous blood samples

TABLE 1 Inclusion and exclusion criteria

Inclusion criteria

Patient age > 18 y

Diagnosis of ARVD based on Task Force criteria. Two major criteria:
1 morphologic and 1 rhythmic, or 1 major and 2 minor criteria19,20

Increased RV volume (>100 mL/m2 female, >110 mL/m2 male)

Genetic analysis performed for desmosome genes (PKP2, DSG2,
DSC2, DSP, JUP) whatever the result, mutation or no mutation

LVEF >40%

Exclusion criteria

Pregnancy

No health insurance

MRI contraindication (claustrophobia, implantable defibrillator)

No genetic analysis for desmosome genes

Right HF, defined with symptoms (exertional dyspnea, ankle swelling,
epigastric fullness and right upper abdominal discomfort or pain)
and signs (raised jugular venous pulse, an accentuated second
pulmonary sound, RV gallop, an enlarged tender liver)

Ramipril contraindication (hypotension, renal failure)

Normal RV volume

Heart transplantation

Swallowing disorders

Abbreviations: ARVD, arrhythmogenic right ventricular dysplasia; HF,
heart failure; LVEF, left ventricular ejection fraction; MRI, magnetic reso-
nance imaging; RV, right ventricular.
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will be taken and potassium and creatinine tests will be performed

before and after the ramipril test. Patients will be asked about the

occurrence of unusual tiredness. Patients tolerant to ramipril who did

not show specific increase in potassium and creatinine, cough, or

hypotension will participate in the study.

Patients already treated with an ACEI can participate in the

study. A washout phase of 7 days will be completed before the start

of the study treatment.

Ramipril dosage will be adjusted in each patient every week until

the optimal dosage is attained. The minimal dose tested will be

2.5 mg/d. The optimal dosage corresponds to the maximum dosage

tolerated according to current clinical practice. The dose will be

adjusted in steps of 2.5 mg every week until the optimal dose. The

optimal dose is usually between 5 mg and 10 mg.

2.2.3 | Concomitant treatments

There will be no standardization of β-blocker use because titration of

both ramipril and adrenergic blockade requires a specific method. All

patients will be treated with β-blockers. A drug class effect is usually

accepted in ARVD patients with no arrhythmias. β-Blockers appear

similar in their clinical effects and therefore, interchangeable. Patients

already being treated with angiotensin II receptor blockers or mineral-

ocorticoid antagonists will not be included, or a washout period of

2 weeks will be proposed.

2.3 | Endpoints

2.3.1 | Primary endpoints

The 2 co-primary endpoints are (1) the difference of telediastolic RV

volume measured by MRI between baseline and 3 years of follow-up,

and (2) the change in arrhythmia burden during the 3 years of

follow-up.

2.3.2 | Secondary endpoints

The secondary exploratory endpoints are:

1. Efficacy of treatment and progression of ARVD between groups

will be considered on morphologic, rhythmic, and functional cri-

teria according to the following hierarchy:

a. Morphologic criteria: MRI (baseline and at 3 years of follow-

up): LV function, presence of aneurism, percent of dyskinesia;

transthoracic echocardiography: (baseline and at 3 years of

follow-up): size of RV, LV function, aneurism, percent dyskine-

sia, transesophageal atrial pacing stress echocardiography;

ECG (every 6 months): evolution of QRS width (50 mm/s).

b. Rhythmic criteria: 24-hour Holter ECG (every year): number of

ventricular extrasystoles, sustained ventricular tachycardia; ECG

(every 6 months): PR duration; high amplification ECG (baseline

and at 3 years of follow-up): late potentials; stress test (baseline

and at 3 years of follow-up): number of ventricular extrasystoles .

c. Functional criteria: Evolution of functional symptoms at each

6-month visit: presence/absence of palpitations, ventricular

tachycardia, dyspnea, syncope, sudden death, thoracic pain,

major adverse cardiac events; number of hospital admissions

owing to clinical deterioration during the 3 years of follow-up.

2. Comparison of evolution of telediastolic RV volume measured by

MRI and arrhythmia burden measured by 24-hour Holter ECG

between baseline and 3 years of follow-up according to the

genotype of desmosome genes.

3. Quantification of fibrosis and inflammation (measured at baseline

and 3 years of follow-up):

a. Dosage of MMP9 and its inhibitors tissue TIMP1, TIMP2:

determination of turnover of collagen with MMP9/TIMP1

ratio and MMP9/TIMP2 ratio

b. Dosage of interleukin (IL)6 and IL8

FIGURE 2 Clinical design of the study from screening to randomization. Abbreviations: ARVD, arrhythmogenic right ventricular dysplasia; BP,

blood pressure; ECG, electrocardiogram; ECG-HA, high-amplification ECG; IWRS, interactive web response system; LVEF, left ventricular
ejection fraction; MRI, magnetic resonance imaging; OD, once a day; TTE, transthoracic echocardiography
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2.4 | Statistical analysis

2.4.1 | Sample-size calculation

We considered 2 co-primary endpoints: symptomatic ventricular

arrhythmia and RVSI year-increase. Based on a 2016 study by

Martin et al..., we can expect that 65% of patients in the control

group will develop ventricular tachyarrhythmia at the end of the

follow-up.20 We expected 35% of patients in the treated group.

With a type I error of 2.5%, 52 patients are needed in each group

(power 80%).

Based on a 2010 study by Riley et al, we can expect a right ven-

tricular stroke index (RVSI; systolic RV volume indexed to body sur-

face area) year-increase of 10 mL/m2 (SD: 8.7 mL/m2) in the control

group.21 With a type I error of 2.5% and 59 patients in each group,

we will be able to show a diminution of 50% of the RVSI evolution

slope (thus, an expected RVSI year-increase of 5 mL/m2) in the

experimental group, with a power of 80%.

We needed a total of 60 patients per group; therefore,

120 patients were recruited.

FIGURE 3 Clinical design of the study from randomization to follow-up visits. Abbreviations: ACE, angiotensin-converting enzyme; ECG,

electrocardiogram; ECG-HA, high-amplification ECG; IWRS, interactive web response system; LVEF, left ventricular ejection fraction; MRI,
magnetic resonance imaging; OD, once a day; RV, right ventricular; TTE, transthoracic echocardiography
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2.4.2 | Descriptive analyses at baseline

For each categorical parameter, total sample size, number of available

values and/or number of missing values, together with the observed

frequency rate of the pertinent modality presented as a percentage,

will be computed for each treatment arm and on the total population.

The following descriptive statistics will be presented for each

treatment group and on the total population: total sample size, num-

ber of available values, number of missing values, mean and its SE,

SD, median, quartiles 1 and 3, minimum, and maximum. Patient char-

acteristics at baseline will be compared between groups using the

Fisher exact test for categorical variables and the t test for continu-

ous ones. In case of violation of the normal distribution assumption

for continuous baseline characteristics, the Wilcoxon test will be per-

formed. Tests will be 2-sided and α error risk will be 5%. No substu-

dies are planned.

2.4.3 | Primary analysis of the primary evaluation criteria

Arrhythmia burden at the end of follow-up will be compared between

the 2 arms using the Fisher exact test. For the evolution of RSVI,

comparison between groups will be performed with a t test after vali-

dation of the normal distribution hypothesis with a Q-Q plot. In case

of normality assumption violation, the Wilcoxon test will be

performed.

Given the 2 primary endpoints, the α error risk will be corrected

for multiple tests, Bonferroni method, and be chosen at 2.5%.

2.4.4 | Secondary analyses of the primary evaluation
criteria: modelization

Ramipril effect on arrhythmia burden will be studied with a mixed-

effects logistic regression model adjusted for center, stratification

variables for randomization, and unbalanced variables despite the

randomization.

Ramipril effect on RSVI will be studied with a mixed-effects lin-

ear regression model also including RSVI at baseline, stratification

variables for randomization, and unbalanced variables despite the ran-

domization. Statistical tests will be 2-sided and α error risk will be set

at 2.5%.

2.4.5 | Secondary evaluation criteria (linked with the
secondary endpoints)

The secondary evaluation criteria will be compared between treat-

ment arms using the Fisher exact test for categorical variables and

the t test for continuous variables after validation of the normal

distribution hypothesis with a Q-Q plot. In case of normality assump-

tion violation, the Wilcoxon test will be performed. Tests will be 2-

sided with an α error risk at 5%.

3 | RESULTS

The study will be funded by a French Health Ministry budget. The

first patients should be included in the second quarter of 2018. Given

the 1-year inclusion period and the 3-year follow-up period, it is

expected that the latest clinical data will be collected in the third

quarter of 2022.

4 | DISCUSSION

Data to inform prescribing of ACEI treatments for ARVD patients are

sparse, and subsequently no consensus exists on the optimal agent(s).

Available studies are only based on antiarrhythmic therapies; none

target ventricular mechanical complications.22 To our knowledge, the

BRAVE study is the first randomized controlled trial for drug therapy

in ARVD patients. This study will be prospectively registered, robustly

conducted, independently monitored, rigorously analyzed, and trans-

parently reported. We will recruit to target with independent data

monitoring, minimal patient or data loss, and achieved comparability

at baseline.

Given the pharmacologic properties of ramipril, decrease in RV

and/or LV deterioration and in arrhythmia burden are expected in

ARVD patients treated with this medication. This beneficial effect is

likely to improve the quality of life of patients and reduce the number

of hospitalizations as well as the risk of terminal HF.

There is evidence that some ACEIs have additional therapeutic

benefits beyond reduction in arterial blood pressure, including oxida-

tive stress–lowering properties or effect on PPARγ pathways. Given

the role of adipogenesis and oxidative stress in the pathophysiology

of ARVD, future research should further explore the mechanistic

actions of ACEIs to establish if other therapeutic benefits exist in

ARVD patients. In addition, given the variation in dosing regimens

and side-effect profiles of the ACEI agents prescribed in ARVD,

future studies will have to further assess adherence and acceptability

of individual agents.

Regarding policy-making for ACEI prescription, if use of ACEI is

shown to be clinically effective in ARVD patients, it is currently likely

to be considered cost-effective for routine use in this patient

TABLE 2 Testing performed at each visit

Tests Baseline
Follow-up: 1, 6,
18, 30 months

Follow-up:
12, 24 months

Follow-up:
36 months

Clinical exam, arterial blood pressure, Cr, potassium dosages X X X X

ECG, 24-h Holter ECG X — X X

High-amplification ECG, TTE, MRI, stress test X — — X

MMP, TIMP, IL dosages X — — X

Observation, adverse-events collection — X X X

Abbreviations: Cr, creatinine; ECG, electrocardiogram; IL, interleukin; MMP, matrix metalloproteinase; MRI, magnetic resonance imaging; TIMP, tissue
inhibitor of metalloproteinase; TTE, transthoracic echocardiography.
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population. The results of BRAVE will provide evidence regarding

whether ACEI is beneficial to RV function (improvement/stabilization)

and improves other important parameters including laboratory (colla-

gen turnover) and clinical outcomes (hospitalization rates, arrhyth-

mias). It will clarify whether the benefits of this intervention

outweigh the risks. It is therefore hoped that this pivotal trial can pro-

vide new findings to allow future consideration of a large randomized

controlled trial with mortality outcomes in this important group of

patients.

4.1 | Study limitations

The BRAVE study has some limitations that should be discussed. It

could be argued that the applicability of the results will be limited by

the fact that not all patients have the same β-blocker. However, a

drug-class effect is usually accepted in ARVD patients with no

arrhythmias. β-Blockers appear similar in their clinical effects, and,

therefore, interchangeable.

Because ARVD is a rare disease, the recruitment capabilities of

BRAVE trial may be a weakness. The already-operative French net-

work CARDIOGEN, comprising 25 academic centers, will help to

ensure the enrollment of the required number of patients. The French

CARDIOGEN network belongs to the ERN network GUARD-HEART

(European Reference Network for Rare and Low Prevalence Complex

Diseases of the Heart) created this year (http://guardheart.ern-net.

eu/). ERN GUARD-HEART brings together a geographically diverse

group of 24 expert healthcare providers from 12 different member

states committed to patient-centered care and efficient practice

based on evidence, knowledge, education, and translational research.

Some Romanian, Swiss, and Belgian centers of ERN GUARD-HEART

have agreed to participate in the BRAVE study.
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