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ORIGINAL ARTICLE

Multicenter, Phase 2, Randomized Controlled 
Study of the Efficacy and Safety of Etripamil 
Nasal Spray for the Acute Reduction of Rapid 
Ventricular Rate in Patients With Symptomatic 
Atrial Fibrillation (ReVeRA-201)
A. John Camm , MD; Jonathan P. Piccini , MD; Marco Alings , MD; Paul Dorian , MD; Gilbert Gosselin , MD;  
Marie-Claude Guertin , PhD; James E. Ip , MD; Peter R. Kowey , MD; Blandine Mondésert , MD; Fransisco J. Prins , MD; 
Jean-Francois Roux , MD; Bruce S. Stambler , MD; JWM van Eck , MD; Nadea Al Windy , MD; Nathalie Thermil , MSc;  
Silvia Shardonofsky, MD; David B. Bharucha, MD; Denis Roy , MD

BACKGROUND: Despite chronic therapies, atrial fibrillation (AF) leads to rapid ventricular rates (RVR) often requiring intravenous treatments. 
Etripamil is a fast-acting, calcium-channel blocker administered intranasally affecting the atrioventricular node within minutes.

METHODS: Reduction of Ventricular Rate in Patients with Atrial Fibrillation evaluated the efficacy and safety of etripamil 
for the reduction of ventricular rate (VR) in patients presenting urgently with AF-RVR (VR ≥110 beats per minute [bpm]), 
was randomized, double-blind, placebo-controlled, and conducted in Canada and the Netherlands. Patients presenting 
urgently with AF-RVR were randomized (1:1, etripamil nasal spray 70 mg: placebo nasal spray). The primary objective was to 
demonstrate the effectiveness of etripamil in reducing VR in AF-RVR within 60 minutes of treatment. Secondary objectives 
assessed achievement of VR <100 bpm, reduction by ≥10% and ≥20%, relief of symptoms and treatment effectiveness; 
adverse events; and additional measures to 360 minutes.

RESULTS: Sixty-nine patients were randomized, 56 dosed with etripamil (n=27) or placebo (n=29). The median age was 65 
years; 39% were female patients; proportions of AF types were similar between groups. The difference of mean maximum 
reductions in VR over 60 minutes, etripamil versus placebo, adjusting for baseline VR, was −29.91 bpm (95% CI, −40.31 
to −19.52; P<0.0001). VR reductions persisted up to 150 minutes. Significantly greater proportions of patients receiving 
etripamil achieved VR reductions <100 bpm (with longer median duration <100 bpm), or VR reduction by ≥10% or ≥20%, 
versus placebo. VR reduction ≥20% occurred in 66.7% of patients in the etripamil arm and no patients in placebo. Using the 
Treatment Satisfaction Questionnaire for Medication-9, there was significant improvement in satisfaction on symptom relief 
and treatment effectiveness with etripamil versus placebo. Serious adverse events were rare; 1 patient in the etripamil arm 
experienced transient severe bradycardia and syncope, assessed as due to hypervagotonia.

CONCLUSIONS: Intranasal etripamil 70 mg reduced VR and improved symptom relief and treatment satisfaction. These data 
support further development of self-administered etripamil for the treatment of AF-RVR.

REGISTRATION: URL: https://www.clinicaltrials.gov; Unique Identifier: NCT04467905

GRAPHIC ABSTRACT: A graphic abstract is available for this article.
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Atrial fibrillation (AF) is the most common arrhythmia 
that affects over 6 million patients in the United 
States1 and over 37 million worldwide.2 More than 

12 million in the United States may be affected by 2030.3

Patients with AF frequently experience episodes of 
rapid ventricular rate (RVR) associated with burdensome 
symptoms, including palpitations, shortness of breath, 
chest pain, fatigue, and anxiety, which often require medical 

intervention.4 Patients with AF-RVR currently have few 
options available for immediate treatment and frequently 
present to an emergency department where treatment 
consists of intravenous β-blocker, IV calcium channel 
blocker (CCB), or electrical cardioversion.5,6 There is a need 
for a self-administered medication that can rapidly reduce 
symptomatically elevated heart rates, both to quickly alle-
viate problematic symptoms and to precede longer–term 
treatment options.

Guidelines from the American College of Cardiology/
American Heart Association/Heart Rhythm Society and 
the European Society of Cardiology recommend, for the 
acute management of AF, reducing the heart rate using IV 
medications, thereby emphasizing the importance of rapid 
treatment.5,7 Chronic therapy for prevention can be associ-
ated with ineffective rate control with breakthrough RVRs. 
When acutely administered for episodes of RVR, oral ther-
apies (ie, pill-in-pocket β-blocker or L-type CCB) do not 
provide immediate rate control due to a delayed onset of 
action and have associated adverse events (AEs).8–10

Etripamil nasal spray (NS) is a fast-acting, self- 
administered CCB and new chemical entity that prolongs 
refractoriness and conduction velocity through the atrio-
ventricular node.11 The drug is rapidly absorbed by the nasal 
mucosa, with a maximum concentration reached within 7 
minutes after 70 mg dose. The efficacy, safety, and tol-
erability of the self-administered drug, have been studied 
in patients with paroxysmal supraventricular tachycardia 
(PSVT), demonstrating significant and rapid termination of 
PSVT with preceding slowing of the tachycardia rate and 
reduced emergency department care.12–14 Preclinical and 
clinical data show that etripamil results in slower rates of 
tachycardias conducted utilizing the atrioventricular node 
soon after intranasal administration, illustrating the drug’s 
action.12 Furthermore, self-administered etripamil has been 
observed to slow the ventricular rate (VR) in a small cohort 
of patients with symptomatic AF-RVR.15 Clinical data show 
general tolerability and limited AEs in >1600 patients with 
PSVT, supporting the likely safety of investigating etripamil 
in patients with AF-RVR.12–14

The ReVeRA (Reduction of Ventricular Rate in Patients 
with Atrial Fibrillation) phase 2 trial was designed to 
assess the efficacy and safety of etripamil NS adminis-
tered by medical staff to patients presenting to an emer-
gency department with AF-RVR.

METHODS
Due to the sensitive nature of the data collected for this study, 
requests to access the data set from qualified researchers 
trained in human subject confidentiality protocols may be sent 
to datasharing@milestonepharma.com.

Study Overview and Eligibility
ReVeRA was a randomized, double-blind, placebo-controlled 
study conducted in 23 sites in Canada and the Netherlands 

WHAT IS KNOWN?
• Patients with atrial fibrillation and rapid ventricular 

rate currently have few options available for imme-
diate treatment and frequently present to an emer-
gency department where treatment consists of 
intravenous β-blocker, intravenous calcium channel 
blocker, or electrical cardioversion.

• Quickly controlling rapid ventricular rate could have 
utility to alleviate symptoms early and as a precur-
sor to other treatments.

WHAT THE STUDY ADDS
• ReVeRA ([Reduction of Ventricular Rate in Patients 

With Atrial Fibrillation] multicenter, randomized, 
double-blind, placebo-controlled study) evaluated 
the efficacy and safety of etripamil nasal spray 70 
mg in patients presenting to an emergency depart-
ment with atrial fibrillation and rapid ventricular rate 
to assess for acute reduction in ventricular rate and 
measures of symptoms.

• Etripamil, a novel, fast-acting calcium channel blocker, 
demonstrated significant reductions in ventricular 
rate versus placebo, persisting for at least 60 minutes 
and up to 150 minutes, in patients with symptomatic 
atrial fibrillation and rapid ventricular rate.

• Patients treated with etripamil showed significant 
improvement in satisfaction on relief of symptoms 
and satisfaction of effectiveness of treatment, versus 
placebo, with a low occurrence of adverse events.

Nonstandard Abbreviations and Acronyms

AE adverse event
AF atrial fibrillation
bpm beats per minute
CCB calcium channel blocker
mITT modified intention to treat
NS nasal spray
PSVT paroxysmal supraventricular tachycardia
RVR rapid ventricular rate
ReVeRA  Reduction of Ventricular Rate in Patients 

With Atrial Fibrillation
TSQM-9  Treatment Satisfaction Questionnaire for 

Medication-9
VR ventricular rate
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from November 19, 2020 (first enrollment) to September 12, 
2023 (database lock). Institutional review boards at participat-
ing sites approved the protocol, and all participants provided 
written informed consent before participation.

Patients ≥18 years of age were screened after urgently 
presenting with paroxysmal, persistent, or permanent AF and 
a VR of ≥110 beats per minute (bpm). Key exclusion criteria 
were evident atrial flutter; history of stroke, transient ischemic 
attack, or peripheral embolism within 3 months; receipt of IV 
flecainide, procainamide, digoxin, β-blocker, or CCB, within 1 
hour of administering the study drug; signs of severe heart 
failure or hypotension (systolic blood pressure <90 mm Hg or 
diastolic blood pressure <60 mm Hg); or history of second- or 
third-degree atrioventricular block. Complete eligibility criteria 
are in Supplemental Methods SI.

Study Design
AF with a VR ≥110 bpm (assessed by continuous and 12-lead 
ECG) and blood pressure criteria were confirmed before study 
drug treatment (etripamil 70 mg NS: placebo NS, 1:1 allocation; 
Figure 1). The study drug was administered by medical staff, 1 
spray in each nostril, each having half of the relevant dose, with 
the patient in a seated position (NS Bidose system). Placebo 
NS study drug contained carrier matched to that of etripamil 
NS and was administered intranasally. Monitoring in the emer-
gency department occurred for at least 1 hour following the 
study drug, and an ECG cardiac monitoring system (M12A 
Ambulatory Holter by Global Instrumentation; 3 leads) was 
placed for a total of 6 hours of ECG acquisition post-drug, allow-
ing for measurement of cardiac rhythm and rate, duration of any 
treatment effects, and safety findings. Patients completed the 
Treatment Satisfaction Questionnaire for Medication-9 (TSQM-
9).16 The TSQM-9 is a psychometrically robust and validated 
patient-reported outcome tool used to assess patient satisfac-
tion in domains of effectiveness, global satisfaction, and conve-
nience. Each domain contains 3 questions, each answered on a 
7-point anchored scale. Domain score is expressed on 0 to 100 
point scale.16–18 Further TSQM-9 details are in Supplemental 
Methods S2. Additional rate-control treatment could be given 
if needed, but not until 1 hour after the study drug. AEs were 
recorded, and the patient could be discharged with the ECG 
cardiac monitoring system, if clinically appropriate, after 1 hour. 
Safety follow-up was performed at 24 hours (in person) and 1 
week (in person or virtual) post-dose and included recording of 
any AEs or medications taken since study drug.

Assessment of Outcomes
The primary end point, the maximum reduction in VR from base-
line over the 60 minutes after drug administration, utilized ECG 
cardiac monitoring system measurements in the efficacy popu-
lation (patients confirmed to be in AF at the time of study drug 
administration and for 60 minutes post-drug). Baseline VR was 
defined as the average heart rate over the 5 minutes immedi-
ately before drug administration, and nadir was defined as the 
lowest heart rate (5-minute moving average) recorded during the 
60-minute evaluation period. Secondary end points of the study, 
measured within 60 minutes of dosing, were elapsed time from 
drug administration to nadir heart rate (lowest 5-minute moving); 
percentage of patients achieving VR of <100 bpm; duration of 
reduction of VR to <100 bpm; percentage of patients with ≥10% 

and ≥20% reduction in VR; and patient satisfaction using the 
TSQM-9. Sensitivity analyses were performed on the primary and 
secondary end points, including using differing time windows of 
moving average of VR. Additional end points are described in the 
Supplemental Methods SIII. Safety end points included AEs, vital 
signs, and potential arrhythmia findings from ECG data.

Statistical Methods
It was estimated that 25 patients per group would provide 93% 
power at a 0.05 two-sided significance level to detect 20 bpm 
absolute difference in maximum reduction in VR from baseline 
between active drug and placebo arms, assuming an SD of 20 
bpm. As prespecified in the protocol and statistical analysis plan, 
primary, and secondary analyses were performed on the efficacy 
population (defined as all randomized patients receiving the study 
drug and remaining in AF with adequate diagnostic ECG data for 
at least 60 minutes). An intention-to-treat population was not in 
the analysis plans for this study; it was anticipated that during the 
period of time immediately following randomization but before 
dosing, some patients would no longer remain eligible to receive 
study drug (eg, if no longer meeting specified criteria of being in 
AF or having a VR ≥110 bpm) and thus were excluded. The mod-
ified intention-to-treat (mITT) population (defined as randomized 
patients receiving study drug and with postbaseline ECG data) 
was analyzed, in prespecified sensitivity analyses, for efficacy 
end points, using statistical approaches identical to those used 
for primary and secondary analyses on the efficacy population. 
Safety assessments were performed on the safety population 
(defined as all patients receiving study drug).

The primary analysis was an ANCOVA model on the maxi-
mum reduction in VR from baseline, adjusting for the VR at base-
line, performed using the efficacy population. This model allows 
for the comparison of adjusted means that are corrected for 
any between-group differences in baseline VR. These adjusted 
means are presented with 95% CI. Group comparisons for the 
secondary end points, elapsed time from drug administration to 
nadir, duration of VR <100 bpm over the 60 minutes following 
drug administration, and duration of ≥10% and ≥20% reduc-
tion in VR from baseline during that 60-minute period, were also 
performed using an ANCOVA. Percentages of patients achiev-
ing VR <100 bpm and percentages of patients achieving ≥10% 
and ≥20% reductions in VR from baseline were compared 
across groups using a χ2 test. The Kaplan-Meier method and 
the Wilcoxon test for censored data were used to compare the 2 
groups for duration of time of VR <100 bpm or of VR reduced by 
≥10% and ≥20%. Patient satisfaction with treatment measured 
using the TSQM-9 was analyzed using a t test. Interim analysis 
was performed to inform planning of next studies in the program, 
as stated in the Statistical Analysis Plan, with no alteration or 
termination of the study based on the interim review and no com-
munication of results beyond the principal authors. All statistical 
tests were 2 sided and performed at a significance level of 0.05. 
Statistical analyses were conducted using SAS (version 9.4).

RESULTS
Patients
A total of 87 patients were screened, 69 were random-
ized, and 56 received study drug. No patients were lost 
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to follow-up. Thirteen randomized patients were not 
included in the mITT population as they were no longer 
eligible to receive study drug (per protocol) because 
baseline heart rate was <110 bpm (n=5); conversion to 

sinus rhythm (n=3); hemodynamic instability based on 
specified definition (n=1); technical issues with the ECG 
cardiac monitoring device (n=3); and other (site misin-
terpretation of the protocol, n=1; Figure 2). The reasons 

Figure 2. Patient disposition.
The safety population is comprised of all randomized patients receiving study drug. The modified intention-to-treat (mITT) population is 
comprised of all randomized patients who received the study drug and who had a postdrug ECG cardiac monitoring system recording. 
The efficacy population is comprised of all mITT patients (randomized patients receiving study drug) who remained in atrial fibrillation with 
adequately diagnostic ECG recordings for at least 60-minute postdrug. One patient had 2 reasons for screen failure. AF indicates atrial 
fibrillation; AF-RVR, atrial fibrillation-rapid ventricular rate; SR, sinus rhythm; and VR, ventricular rate.

Figure 1. Study design.
ReVeRA (Reduction of Ventricular Rate in Patients with Atrial Fibrillation) phase 2, multicenter, randomized, double-blind, placebo-controlled 
study for evaluating the efficacy and safety of etripamil nasal spray (NS) administered intranasally to patients presenting to an emergency 
department (ED) with atrial fibrillation-rapid ventricular rate (AF-RVR). BP indicates blood pressure; bpm, beats per minute; HR, heart rate.
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to exclude these patients from the mITT population 
were independent of the treatment assigned, which was 
blinded at the time of the decision. Of the 56 patients 
comprising the mITT population, 27 received etripamil 
and 29 received placebo. The efficacy (n=49), mITT 
(n=56), and safety (n=56) populations are shown in Fig-
ure 2. Baseline characteristics were generally balanced 
between the treatment groups. The median age was 
64 years (range, 45–88) in the etripamil and 66 years 
(range, 35–83) in the placebo arms 39% of participants 
were female patients and 75%, 18%, and 7% of partici-
pants had a history of paroxysmal, persistent, and perma-
nent AF, respectively. There was minimal imbalance in the 
preenrollment use of oral β-blockers and antiarrhythmic 
drugs between etripamil and placebo arms (Table 1).

Efficacy Outcomes
Primary End Point
The primary efficacy analysis showed that the adjusted 
means (95% CI) of maximum reduction from baseline 
in VR were −34.97 (−45.13 to −24.81) bpm in the 

etripamil arm and −5.06 (−7.44 to −2.67) bpm in the 
placebo arm, for a difference of −29.91 (−40.31 to 
−19.52) bpm (P<0.0001; Table 2). A prespecified sensi-
tivity analysis of the primary end point, performed in the 
mITT population, demonstrated consistency with a differ-
ence in adjusted means of maximum reduction in VR of 
−30.26 (−39.47 to −21.04; P<0.0001; Table 2).

Secondary End Points
The median (interquartile range [IQR]) elapsed time from 
drug dosing to the nadir in VR was 13 (8.50–28.50) min-
utes for the etripamil arm and 31 (18.00–51.00) minutes 
for placebo. The adjusted mean (95% CI) for elapsed 
time from etripamil dosing to nadir in VR was 20.6 (12.6–
28.5) minutes for the etripamil arm compared with 32.7 
(24.9–40.4) minutes for placebo (P=0.0347; Table 2). 
The greater reduction in VR from baseline in the etripamil 
versus placebo arms, shown in the 6-hour collection of 
ECG data, persists for up to 150 minutes (Figure 3B). 
More patients in the etripamil versus placebo arm 
achieved a VR reduction of >20 bpm by 60 (62.5% ver-
sus 0%; P<0.0001) minutes by 90 (54.2% versus 8.0%; 
P=0.0005) minutes, and by 180 (50.0% versus 32.0%; 
P=0.20) minutes; ECG artifact precluded analysis at 360 
minutes (Table S1). The proportion of patients achieving 
a VR of <100 bpm during the first 60-minute postdrug 
administration was higher for patients receiving etripamil 
(58.3% [14/24]) than for those receiving placebo (4.0% 
[1/25]); P<0.0001 by the χ2 test; and persisted for at 
least 60 minutes. Elapsed time from study drug admin-
istration to VR <100 bpm, illustrated in Figure 4, shows 
the majority of the patients in the etripamil arm achieving 
a VR <100 bpm did so within 10 minutes. The median 
duration of maintaining a VR <100 bpm, among patients 
achieving a VR <100 bpm during the first 60 minutes 
post-drug, was 45.50 (IQR, 24.00–56.00) minutes in the 
etripamil arm versus 7.00 minutes (IQR not applicable) 
in the placebo arm (Figure 4; Table S2). A reduction in 
VR by ≥20% from baseline VR occurred in 66.7% of 
patients in the etripamil arm by 60 minutes compared 
with no patients in the placebo arm; the median dura-
tion of achieving a ≥20% reduction in VR by 60 min-
utes was 48.00 (14.50–57.50) minutes in the etripamil 
arm (placebo arm, not applicable). A reduction in VR by 
≥10% from baseline VR occurred in 95.8% of patients 
in the etripamil arm by 60 minutes compared with 20% 
of those in the placebo arm; the median duration (IQR) 
of achieving a ≥10% reduction in VR by 60 minutes was 
49.00 (30.00–57.00) minutes in the etripamil arm and 
5.00 (2.00–6.00) minutes in the placebo arm. Sensitivity 
analyses of proportions of patients achieving specified 
levels of VR reduction performed on the mITT popula-
tion demonstrated results consistent with those shown 
in the efficacy population (Tables S2 and S3). Sensitivity 
analyses of the primary end point, performed with differ-
ing time windows of VR moving average demonstrated 

Table 1. Demographics and Baseline Characteristics

Characteristic 
Placebo* 
(n=29) 

Etripamil* 
(n=27) Total* (N=56) 

Age, y

  Mean (SD) 64.59±10.53 64.63±10.61 64.6 (10.47)

  Median (range) 66.00  
(35.00–83.00)

64.00  
(45.00–88.00)

65  
(35.00–88.00)

Site location

  Canada 14 (48.3%) 12 (44.4%) 26 (46.4%)

  The Netherlands 15 (51.7%) 15 (55.6%) 30 (53.6%)

Sex; female, n (%) 11 (37.9%) 11 (40.7%) 22 (39.3)

Baseline systolic blood pressure, mm Hg

  Mean±SD (median) 125.59±17.34 
(124.00)

130.00±19.78 
(126.00)

127.71±18.52 
(124.50)

Type of AF

  Paroxysmal 22 (75.9%) 20 (74.1%) 42 (75%)

  Persistent 5 (17.2%) 5 (18.5%) 10 (18%)

  Permanent 2 (6.9%) 2 (7.4%) 4 (7%)

Concomitant medications†

  Any β-blocker 10 (34.5%) 13 (44.8%) 23 (41.1%)

  Any NDHP CCB 3 (10.3%) 4 (14.8%) 7 (12.5%)

  Any BB or NDHP 
CCB

13 (44.8%) 15 (55.6%) 28 (50%)

  Any class IC or III 
antiarrhythmic

5 (17.2%) 8 (29.6%)  13 (23.2%)

  Anticoagulant, oral 16 (55.1%) 16 (59.3%) 32 (57.1%)

AF indicates atrial fibrillation; BB, β-blocker; mITT, modified intention to treat; 
and NDHP CCB, nondihydropyridine calcium channel blocker.

*Safety population (comprised of all randomized patients who received study 
drug) or mITT population (comprised of all randomized patients who received the 
study drug and who had a postdrug ECG cardiac monitoring system recording.

†Baseline, medications started at least 1 day before study drug administration.
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results consistent with those obtained from a 5-minute 
moving average (Table S4).

Patients in the etripamil arm showed significant improve-
ment in satisfaction of effectiveness of treatment and sat-
isfaction on relief of symptoms versus those on placebo, 
as measured by the TSQM-9 Effectiveness Domain and 
its Relief of Symptoms Question, respectively. Details on 
TSQM-9 calculations including verbatim questions are in 
Supplemental Methods S2. Measurements of satisfaction 
of effectiveness of treatment were, on the Effectiveness 
Domain 0-to-100 scale score, mean±SD of 62.96±21.59 
for patients in the etripamil arm, 36.67±21.64 for those in 
the placebo arm, with a difference in means (95% CI) of 
26.30 (13.87–38.72; P<0.0001, by t test); median (IQR) 
of 66.67 (50.0–77.78) in patients receiving etripamil and 
33.33 (22.22–55.56) in those receiving placebo. Mea-
surements of the Relief of Symptoms Question were, on 
its 7-point anchored scale, a mean±SD of4.63±1.35 for 

patients in the etripamil arm, 3.08±1.29 for those in the 
placebo arm, with difference in means (95% CI) of 1.55 
(0.79–2.30; P=0.0002, by t test); and with a median (IQR) 
of 5.0 (4.0–5.5) in the etripamil arm and 3.0 (2.0–4.0) 
in the placebo arm (Table 3). All sensitivity analyses per-
formed for end points of symptomatic relief on the mITT 
population demonstrated results consistent with those 
shown in the efficacy population (Table S5).

Analyses of areas under the curve (AUC) were per-
formed for plots of VR reduction from baseline (and 
absolute VR) versus time, for 0 to 60, 180, and 360 
minutes. Significant differences between the AUCs of 
the placebo- and etripamil plots were shown for 0 to 60 
minutes, P<0.0001 (by ANCOVA model for AUCs of VR 
reduction from baseline); 0 to 180 minutes, P<0.00001 
(by t test of AUCs of mean VR); and 0 to 360 minutes, 
P=0.0015 (by the ANCOVA model). Sensitivity analyses 
performed on the mITT population demonstrated AUC 

Table 2. Primary and Key Secondary Analyses Performed on the Efficacy Population, Sensitivity Analyses Performed on the 
mITT Population

  Efficacy population* mITT population†

Placebo NS (n=25) Etripamil NS, 70 mg (n=24) Placebo NS (n=29) Etripamil NS, 70 mg (n=27) 

Baseline VR, bpm‡

  Mean±SD 135.54±13.93 130.33±15.28 134.12±16.00 128.40±15.79

  Median (IQR) 135.40 (125.00 to 140.20) 126.90 (122.40 to 141.60) 135.20 (125.00 to 140.20) 125.40 (118.00 to 139.00)

Nadir, bpm§

  Mean±SD 130.66±16.37 95.18±23.68 129.24.66±18.49 92.84±23.39

  Median (IQR) 132.20 (121.20 to 137.80) 96.00 (77.30 to 109.50) 132.20 (117.00 to 137.80) 94.20 (71.20 to 107.80)

Mean maximum reduction from baseline to Nadir, bpm

  Mean (−45.13 to 
−24.81) ‖

−5.06 (−7.44 to −2.67) −34.97 (−45.13 to −24.1) −5.08 (−7.31 to −2.86) −35.34 (−44.32 to −26.36)

Difference of means … −29.91 (−40.31 to −19.52) … −30.26 (-39.47 to −21.04)

  P value‖ … <0.0001 … <0.0001

Elapsed time (min) from drug administration to nadir

  Median (IQR) 31.00 (18.00 to 51.00) 13.00 (8.50 to 28.50) 31.00 (12.00 to 48.00) 12.00 (8.00 to 27.00)

  Mean (95% CI)‖ 32.66 (24.89 to 40.43) 20.56 (12.63 to 28.49) 30.57 (23.48 to 37.67) 19.20 (11.84 to 26.56)

Difference of means … −12.10 (−23.29 to −0.91) … −11.38 (−21.68 to −1.07)

  P value‖ … 0.0347 … 0.0312

Patients achieving a VR <100 bpm

  n (%) 1 (4.0) 14 (58.3) 3 (10.3) 17 (63.0)

  P value¶ … <0.0001 … <0.0001

Duration of VR <100 bpm, min

  Mean (95% CI)‖ 0.46 (−41.07 to 41.99) 41.40 (30.87 to 51.93) 5.96 (−14.30 to −26.21) 42.95 (34.71 to 51.19)

Difference of means … 40.94 (−2.21 to 84.09) … −36.99 (14.88 to 59.11)

  P value‖ … …# … 0.0026

bpm indicates beats per minute; IQR, interquartile range; mITT, modified intention to treat; and VR, ventricular rate. 
*Efficacy population is comprised of all patients with (mITT, randomized patients receiving study drug) who remained in atrial fibrillation with adequately diagnostic 

ECG recordings for at least 60 min post drug.
†The mITT population is comprised of all randomized patients who received the study drug and who had a postdrug ECG cardiac monitoring system recording.
‡Baseline ventricular rate, the average heart rate over the 5 min immediately before drug administration.
§Nadir, the lowest 5-min moving average heart rate recorded in the 60 min postdrug administration.
‖Using ANCOVA model, adjusting for baseline ventricular rate.
¶By χ2 test.
#Appropriate calculation not possible due to only 1 patient in placebo group.
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differences consistent with those shown in the efficacy 
population (Table S3; Figure 3).

Additional treatment with rate control and antiarrhyth-
mic drugs was allowed to be administered 60 minutes after 

study drug (and only within 60 minutes if deemed neces-
sary). No patients received additional medication within 
the first 60 minutes. Within 24 hours of study drug (but 
>60 minutes), fewer patients in the etripamil arm (22.2%) 

Figure 3. Mean Change (± SEM) from Baseline in Ventricular Rate (bpm) over 60 minutes and 180 minutes.
A, Mean change (±SEM) from baseline in ventricular rate (beats per minute [bpm]) over 60 minutes. B, Mean change (±SEM) from baseline 
in ventricular rate (bpm) over 180 minutes. Primary end point was mean maximum reduction in ventricular rate from adjusted baseline by 
ANCOVA; yielding P<0.0001 for difference in mean maximum reductions, placebo vs etripamil. Analysis performed separately from plot in A. 
*Separation of the placebo vs etripamil groups over the 180 minutes after drug administration was assessed based on a t test of difference 
between the areas under the curves (AUC0→180) of plots of absolute mean heart rate, yielding P<0.00001. 
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were given treatment with a nondihydropyridine CCB 
or β-blocker than patients in the placebo arm (51.7%), 
either by the IV or oral route. Digoxin was given to fewer 
patients in the etripamil arm (11.1%) than in the placebo 
arm (20.7%) >60 minutes and ≤24 hours after study drug. 
Use of class IC or class III agents was similar between the 
groups during >60 minutes and ≤24 hours after study drug 
(29.6% of etripamil arm, 27.6% of placebo arm; Table S6).

Safety Outcomes
In the safety population, the most common (≥5%) AEs 
were nasal discomfort, nasal burning, rhinorrhea, and 

dizziness and were mild or moderate in intensity (Table 4). 
There was no increase in epistaxis in patients taking oral 
anticoagulation. Treatment-emergent serious AEs were 
rare, occurring in 1 patient (3.7%) in the etripamil arm 
and 2 patients (6.9%) in the placebo arm. The treatment-
emergent serious AEs in the etripamil arm (transient 
severe bradycardia and syncope, assessed as due to 
hypervagotonia) occurred in a patient with a history of 
vagal events and fully resolved when placing the patient 
supine and was without sequelae. These treatment-
emergent serious AEs, and those in the placebo arm, 
are described in Tables S7 and S8. There were no other 
arrhythmic (bradycardic or tachycardic) AEs or findings 

Figure 4. Time from drug administration to achieving ventricular rate (VR) <100 beats per minute (bpm).
The cumulative incidence of achieving VR <100 bpm represents the proportions of patients achieving a VR <100 bpm by 60 minutes; 58.3% in 
the etripamil arm vs 4.0% in the placebo arm (P<0.0001). *By χ2 test. NS indicates nasal spray.

Table 3. Summary of Patient Satisfaction With Treatment Measured by Treatment 
Satisfaction Questionnaire for Medication-9

Domains  Placebo* (n=25) Etripamil* (n=24) P value† 

Effectiveness‡ Mean (SD) 36.67 (21.64) 62.96 (21.59) <0.0001

Median (IQR) 33.33 (22.22–55.56) 66.67 (50.00–77.78) <0.0001

  Relief of symptoms question§ Mean (SD) 3.08 (1.29) 4.63 (1.35) 0.0002

Median (IQR) 3.00 (2.00–4.00) 5.00 (4.00–5.50) 0.0002

Global satisfaction‡ Mean (SD) 37.14 (25.42) 53.87 (21.17) 0.0161

Median (IQR) 42.86 (14.29–57.14) 57.14 (42.86–71.43) 0.0161

Convenience‡ Mean (SD) 72.00 (16.08) 65.28 (12.50) 0.1100

Median (IQR) 72.22 (61.11–83.33) 66.67 (55.56–72.22) 0.1100

IQR indicates interquartile range.
*Efficacy population is comprised of all patients with modified intention to treat (randomized patients receiving study 

drug) who remained in atrial fibrillation with adequately diagnostic ECG recordings for at least 60 min postdrug.
†From t test.
‡Each domain score is calculated from 3 question score.
§Each question answered on 7-point anchored scale.
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on ECG cardiac monitoring system, including an absence 
of pauses or atrioventricular block in the 4 patients con-
verting from AF to sinus rhythm (3 spontaneously, 1 by 
electrical cardioversion).

DISCUSSION
The ReVeRA trial evaluated etripamil NS for the treatment 
of AF-RVR, demonstrating that the drug was effective 
at substantially reducing VR as shown by the difference 
between etripamil and placebo in maximum VR reduction 
(−29.91 bpm; P<0.0001), from visual inspection of time 
courses of VR reduction (Figure 3), and the significantly 
different AUCs of these plots. Responder analyses also 
showed substantial treatment effect: significantly greater 
proportions of patients achieved VR reductions of ≥10% or 
≥20% from baseline with etripamil compared with placebo 
by 60 minutes; a VR reduction of ≥20% was not observed 
in the placebo arm. Acutely attaining the levels of VR 
responses demonstrated in ReVeRA is aligned with clini-
cal practice goals for treatment of AF-RVR5,7 and occurred 
concurrently with significant relief of symptoms (the poten-
tial meaningfulness of which is discussed below).

Etripamil’s action to reduce VR in patients with AF-
RVR occurred with a rapid timing, aligned with drug’s 

pharmacokinetics,19 a critical attribute given the burden-
some symptoms of AF-RVR, the limitations of current 
options for prompt treatment, and the need to achieve 
rate control of AF before instituting longer term or 
rhythm-control strategies. Patients treated with etripamil 
in ReVeRA showed VR reduction as early as 2 minutes, 
with a median time to maximal reduction of 13 minutes, 
and with the majority of etripamil-treated patients achiev-
ing a defined responder level (eg, VR <100 bpm) within 
10 minutes.

Regarding duration of effect, findings of reduction in 
VR, from either baseline or relative to placebo treatment, 
persisted for up to 150 minutes in patients with AF-RVR 
treated with etripamil. For patients achieving a VR <100 
bpm over the first 60 minutes post drug, the median 
duration of maintaining a VR <100 bpm was 45.5 min-
utes in the etripamil arm. The duration of pharmacody-
namic effects of etripamil exceed the duration of peak 
plasma levels of drug. This persistence of pharmacody-
namic effect, or the drug having atrioventricular-nodal 
electrophysiological impact longer than predicted solely 
by pharmacokinetics, may allow for the ≈150-minute  
duration of VR reduction relative to placebo observed 
in ReVeRA. As well, early VR reduction and symptom 
relief may attenuate the perpetuation of AF-RVR. The 
observed duration of drug effect could be an important 
attribute to allow for rate control before orally adminis-
tered therapies becoming effective.

In ReVeRA, etripamil treatment was associated with 
significant improvements in satisfaction of effective-
ness of treatment (TSQM-9 mean domain score of 63 
in the etripamil arm and a difference in means compared 
with the placebo arm of 26) and in relief of symptoms 
(difference in means of 1.55 on a 7-point scale). These 
values are interpreted as meaningful because: a domain 
score ≥50 is considered favorable (50 corresponds to 
a response of somewhat satisfactory); a delta between 
domain scores of at least 4.95 to 7.60 indicates a 
minimally important difference,16–18 and a difference in 
scores of ≥1 on a 7-point anchored scale is also con-
sidered meaningful.18,20 Although improvement in relief 
of symptoms was seen frequently and with significance, 
the absolute scores should be noted; this improvement is 
based on mean values (SD) in the treated group of 4.68 
(1.35, corresponds between a score of 4 [somewhat 
satisfied] and 5 [satisfied]) versus in the placebo group 
of 3.08 (1.29, 3 reflecting dissatisfied). Overall, the sub-
stantial and rapid VR reductions shown in ReVeRA were 
associated with levels of symptom relief and satisfaction 
that suggest meaningful impact.

Additional medications could be administered after 
60 minutes following study drug, and use was captured 
for up to at least 24 hours. Administration of rate-control 
agents (CCBs, β-blockers, and digoxin, IV or oral) during 
this period was lower in the etripamil arm than in the 
placebo arm, showing a lower need for further acute rate 

Table 4. Treatment Emergent Adverse Events

Most common TEAEs ≥5%, patients 
with ≥1 TEAE* (safety population) 

Placebo NS† 
(n=29) 

Etripamil 
NS† (n=27) 

Respiratory, thoracic, and mediastinal disorders

  Epistaxis … 2 (7.4%)

  Nasal congestion 1 (3.4%) 2 (7.4%)

  Nasal discomfort 11 (37.9%) 16 (59.3%)

  Oropharyngeal pain … 2 (7.4%)

  Rhinorrhea 1 (3.4%) 9 (33.3%)

  Throat irritation … 5 (18.5%)

Infections and infestations

  Nasopharyngitis … 2 (7.4%)

Eye disorders

  Increased lacrimation 5 (17.2%) 8 (29.6%)

Nervous system disorders

  Dizziness 3 (10.3%) 3 (11.1%)

  Headache … 3 (11.1%)

  Paresthesia 2 (6.9%) 1 (3.7%)

Cardiac disorders

  Bradyarrhythmia … 2 (7.4%)

  Intracardiac thrombus 2 (6.9%) …

 Safety end points based on ECG analysis included any AV block and ventricular 
arrhythmia, such as premature ventricular contractions and nonsustained 
ventricular tachycardia. AV indicates atrioventricular; NS, nasal spray; and TEAE, 
treatment emergent adverse event.

†Safety population is comprised of all randomized patients receiving study 
drug.

*TEAEs are AEs with onset date/time within 24 h after study drug 
administration.
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control in patients having received etripamil. Class IC and 
Class III antiarrhythmic treatment (IV or oral) was similar 
between the 2 groups, post-study drug, in this trial.

These efficacy results are consistent with earlier data, 
from a small cohort of patients with AF-RVR, showing a 
rapid and sustained reduction in VR following etripamil 
administration (NODE-303, Safety Study of Etripamil 
Nasal Spray for Patients With Paroxysmal Supraven-
tricular Tachycardia https://www.clinicaltrials.gov; unique 
identifier: NCT04072835).15 Moreover, the currently 
reported findings can be viewed in the context of the 
efficacy demonstrated in phase 3 double-blind random-
ized, and open-label trials of self-administered intranasal 
etripamil 70 mg to rapidly terminate PSVT and to reduce 
tachycardia rate before termination.12,13 These efficacy 
data in patients with PSVT and the currently reported 
data in patients with AF-RVR reflect the impact of etri-
pamil on atrioventricular-nodal conduction and proper-
ties during tachycardic rates.

The majority of common AEs in ReVeRA were local-
ized to the drug’s administration site and mild-moderate, 
as has been observed with etripamil administration in 
patients with PSVT,12,13 and serious treatment emer-
gent AEs were rare (occurring in 1 and 2 patients in the 
etripamil and placebo arms, respectively). These safety 
findings, taken together with the extensive data set from 
the etripamil program in PSVT,12,13 including intranasal 
administration to >1600 PSVT patients, indicate that the 
drug is well tolerated.

AF is associated with multiple morbidities3 and leads 
to >785 000 emergency department visits and hos-
pitalizations and 158 000 deaths in the United States 
annually.3,21,22 Regardless of type of AF, exacerbations 
of the arrhythmia often require acute care for RVR and 
may necessitate IV medication to reduce RVR to improve 
cardiac output.23 AF-RVR, left untreated, increases risk 
of complications (eg, heart failure, tachycardia-induced 
cardiomyopathy). In a recent case-crossover analysis, 
AF-RVR that persisted for >6 hours weekly was associ-
ated with increased odds of death.24 Promptly treating 
the rapid VR in patients with AF-RVR is customary prac-
tice,5,7 is recommended before rhythm control strategies, 
and, importantly, would rapidly address AF-RVR symp-
toms that many patients experience.

Chronic, oral medication strategies include rate 
control with CCBs or β-blockers and rhythm control 
with class IC or class III antiarrhythmic drugs. These 
treatments can have limited effectiveness and AEs 
and when administered acutely, are associated with a 
delayed response. Moreover, before AF treatment with 
an antiarrhythmic drug (pill in the pocket) or a nonur-
gent cardioversion, control of RVR is critical. Thus, a 
drug administered to patients with AF-RVR to quickly 
control rapid rates would have utility to precede other 
treatments. Etripamil has not been associated with 
drug-drug interactions through the drug’s development; 

furthermore, concomitant treatment with cardiac medi-
cations was allowed in both the PSVT program and in 
the ReVeRA study. Data on etripamil NS, reported here, 
imply the potential for this drug, rapidly deployed, to 
have role in conjunction with or before other treatments, 
and should be an area of further investigation.

Promptly alleviating symptoms of AF-RVR is also 
important as many symptoms tend to perpetuate rapid 
rates. Furthermore, quickly implemented rate control and 
symptom attenuation could potentially lower the need 
for emergency room visits. Indeed, significantly reduced 
rates of emergency department care have been observed 
with rapid, at-home treatment of symptomatic PSVT epi-
sodes with etripamil NS.13,25 Therefore, the management 
of AF-RVR is important to improve marked symptoms, to 
reduce emergency department visits, as a potential first 
step before other treatments, and likely to prevent further 
deleterious effects. The rapidity of etripamil to reduce VR 
in AF-RVR shown in ReVeRA may be impactful for the 
intranasal drug to serve as a precursor treatment while 
longer–term oral therapies become effective.

LIMITATIONS
ReVeRA, performed in patients presenting to an emer-
gency department, enrolled patients with characteris-
tics and heart rates of AF-RVR that may be different in 
patients before such a presentation. In ReVeRA, intrana-
sal drug was administered by medical staff, not patient 
administered. These are important considerations in gen-
eralizing this study’s findings and in designing studies of 
at-home administration of etripamil. In many trials, the ITT 
population consists of all randomized patients and is pre-
ferred for analyses. However, in ReVeRA, as described in 
the Methods section, due to the rapid course of the study 
and the need to reconfirm eligibility criteria immediately 
predrug administration, not all randomized patients were 
given study drug; this was performed per protocol, tracked, 
and blinded to treatment allocation so was unlikely to lead 
to bias. Of note, prespecified sensitivity efficacy analyses, 
performed in the mITT population, demonstrate results 
highly consistent with those from the efficacy population. 
Based on the study’s sizing, conclusions regarding the 
incidence of potential safety events may be limited; how-
ever, the extensive safety data sets from etripamil adminis-
tration during PSVT attenuate this limitation.12–14

The majority of patients in this study had paroxys-
mal AF though those with persistent and permanent 
AF were enrolled; the future studies should include all 
3 types. Additionally, only a single dose of etripamil NS 
was administered in this study. Achievement of a VR 
<100 bpm or a ≥20% or ≥10% reduction from baseline 
was observed in 58%, 67%, and 96%, respectively, of 
etripamil-treated patients, percentages that are substan-
tial; however, even greater responder rates may be pos-
sible in some patients. Further investigation can assess 
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whether increased responder rates would be observed 
with a repeat-dose etripamil regimen, such as has been 
shown in the conversion of PSVT by etripamil treat-
ment.13 Additional end points evaluating the impact of 
etripamil on reducing emergency department visits and 
hospitalizations will be important to assess in the future 
investigation. Although the use of additional medication 
for rate and rhythm control was captured, this study did 
not directly examine the role of oral atrioventricular nodal 
blocking or antiarrhythmic agents (pill in the pocket) and 
thus cannot compare effectiveness.

The efficacy and safety of a repeat-dose regimen of 
etripamil, self-administered outside the health care set-
ting, should be evaluated in the future studies to optimize 
effectiveness, as has been done in patients with PSVT.13

CONCLUSIONS
In this phase 2 randomized trial, etripamil NS 70 mg sig-
nificantly reduced RVR from baseline by −29.91 bpm 
(placebo adjusted), with a median time to maximum 
reduction of 13 minutes, a median time to achieving 
a VR <100 bpm of 7 minutes, and with a duration of 
effect of up to 150 minutes. Etripamil-treated patients 
experienced a significant improvement in symptoms and 
treatment satisfaction, the drug was well-tolerated, and 
there was a lower use of additional acute rate-control 
treatment in those having received the drug. These data 
indicate a potential role of etripamil NS 70 mg to reduce 
the RVR in patients with symptomatic AF-RVR and sup-
port the future investigation of etripamil 70 mg as a self-
administered treatment outside the health care setting.
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