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The current treatment of sustained paroxysmal supraventricular tachycardia (PSVT) often requires attendance at a medical facility. This 
burden is driven by the lack of an effective self-administered treatment for PSVT. Etripamil (Milestone Pharmaceuticals, Saint-Laurent, 
QC, Canada) is a novel intra-nasal preparation of a rapidly effective but short-acting calcium-channel blocker, which shows promise 

in offering out-of-hospital treatment for patients with PSVT. Studies, to date, have demonstrated good tolerability and potential efficacy, 
with a safety profile that is acceptable for unsupervised self-administration. This article reviews the current epidemiology and international 
guidelines for the treatment of acute PSVT, the pharmacology and clinical trial evidence behind the novel agent etripamil, and considers its 
potential role in the management of patients with PSVT.
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Paroxysmal supraventricular tachycardia (PSVT) defines a group of cardiac arrhythmias where the 

underlying mechanism is dependent upon structures at or above the level of the atrioventricular 

node. The recent PRE-EMPT study retrospectively evaluated health records of over 4.2 million 

people in the USA, estimating PSVT incidence at 73/100,000, and national prevalence at 

168/100,000 (translating into some 393,810 affected American adults), with older and female 

individuals being more at risk.1 On the other side of the Atlantic, the UK Biobank prospective 

population cohort study, looking at the records of 502,627 people aged 40–69, showed a baseline 

prevalence of PSVT at 0.28%, overall prevalence of 0.42%, and an incidence of 0.51 cases per  

1,000 person-years.2

The National Hospital Ambulatory Medical Care Survey estimated that in the USA, 50,000 emergency 

department visits per year were attributed to PSVT, at a cost upward of US$190 million.3 More 

recently, a retrospective analysis of claims data for a PSVT cohort against a propensity-matched 

non-PSVT group confirmed higher rates of emergency department attendance and a substantial 

post-diagnosis increase in healthcare expenditure that was not attributable to ablation therapy in 

patients with PSVT.4 This article will first provide an update on the current international guideline 

recommendations for the management of haemodynamically stable PSVT, followed by a review 

of the clinical evidence and potential utility of etripamil nasal spray (Milestone Pharmaceuticals, 

Saint-Laurent, Montreal, QC, Canada), a novel agent which shows promise for the acute treatment 

of PSVT.

The current management of paroxysmal supraventricular 
tachycardia
The typical patient with PSVT presents to acute medical services with sudden onset symptoms, 

such as palpitations, dizziness and or breathlessness, and electrocardiography (ECG) 

demonstrating a narrow complex tachycardia. Current international guidelines for the acute 

management of haemodynamically stable narrow complex tachycardia recommend first-line 

therapy with manoeuvres causing para-sympathetic nervous system stimulation (Figure 1).5,6 These 

can terminate PSVT, but their effectiveness ranges from 19% to 54% in randomized controlled 

trials.7 Besides the limited efficacy, the manoeuvres themselves are not entirely free of risk, with 

neurological complications, including cerebral infarction, reported in up to 0.45% in some series.8–10 

Second-line recommended treatment using adenosine has an effectiveness of around 90% and 

has the advantage of both rapidity of effect and a very short half-life, but requires intravenous 

administration and, therefore, hospital attendance.11 Third-line recommended treatment with 

verapamil can be as effective as adenosine, but carries the risks of excess negative chronotropism 

and negative inotropism, and also requires intravenous administration.12,13
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The use of oral medications is not part of current guideline 

recommendations for acute PSVT episodes. This is reflective of their slow 

onset of action (in one study, the mean time to arrhythmia conversion was 

32 minutes for a combination of diltiazem and propranolol, 74 minutes 

for flecainide, and 77 minutes for placebo), as well as the recognized risk 

of proarrhythmia with antiarrhythmic drugs.14,15

Beyond the acute setting, catheter ablation is a class I recommended 

treatment for PSVT, with success rates >95% and recurrence rates <5%.5,6 

Although largely safe, catheter ablation carries a low but finite risk of 

major complications, including <1% risk of permanent atrioventricular 

block. Those not proceeding to ablation default to a watch-and-wait 

approach, with or without concurrent oral pharmacotherapy. In summary, 

current pharmacological therapies for acute PSVT mandate hospital 

attendance and therefore increase the burden of care for both patients 

and their healthcare systems.

Etripamil: A novel potential outpatient treatment 
for paroxysmal supraventricular tachycardia
Pharmacology
Etripamil is a novel intra-nasal verapamil analogue, which shows 

promise for the rapid outpatient treatment of PSVT. It is a short-acting 

non-dihydropyridine phenylalkylamine class L-type calcium channel 

antagonist, with a time-to-peak plasma concentration of 8 minutes, and 

a half-life of 20 minutes. The drug is metabolized by ubiquitous serum 

esterases, and its major metabolite is an inactive carboxylic acid.

Etripamil slows atrioventricular nodal conduction and prolongs 

atrioventricular nodal refractory periods via the inhibition of slow 

inward calcium channels. High-density electroanatomic mapping has 

further suggested that etripamil causes loss of voltage in the slow 

pathway bridge with gradual recovery, mirroring observed changes in 

atrioventricular block cycle length.16

The potent combination of a convenient intra-nasal mode of delivery and 

rapid onset of action, as well as a short half-life, make etripamil an attractive 

proposition for patient self-administration outside of the formal healthcare 

environment. The use of etripamil is directed towards the two most common 

subtypes of PSVT that involve the atrioventricular node: atrioventricular nodal 

re-entrant tachycardia (AVNRT) and atrioventricular re-entrant tachycardia 

(AVRT), which together account for up to 90% of PSVT cases.17 

Phase I evidence
Two phase I studies have been completed. The first-in-human phase I 

study evaluated a single intra-nasal dose of etripamil in two formulations. 

Pharmacokinetic analysis demonstrated rapid absorption and elimination, 

and dose-dependent PR prolongation was observed, consistent with 

its proposed AV nodal effects.18 All adverse events were mild, no serious 

adverse events were reported, and in particular, no prolongation of the QT 

interval was observed.19

In the second (NODE-102), there were no significant differences in etripamil 

plasma levels or pharmacodynamic outcomes between Caucasian 

volunteers or subjects of Japanese descent. Secondary analyses across 

all patients showed the relevant pharmacodynamic effects with 70 mg 

etripamil for PSVT, as measured by PR interval prolongation on ECG, was 

approximately 5–50 minutes.20 Dose-dependent PR prolongation was 

consistent with its proposed atrioventricular nodal effects, without any 

effect on QRS duration or QT interval.21

Phase II evidence
The phase II, randomized, placebo-controlled, double-blind,  

dose-ranging NODE-1 study (Efficacy and Safety of Intranasal MSP-2017 

[Etripamil] for the Conversion of PSVT to Sinus Rhythm; ClinicalTrials.

gov identifier: NCT02296190) involved 104 patients undergoing invasive 

cardiac electrophysiology testing across 34 North American centres.21,22 

The median age was 55 years (range 19–85). PSVT (87% AVNRT) was 

induced in all 104 patients. After a sustained arrhythmia of at least 5 

minutes, the study drug was given intra-nasally, with an endpoint of 

cardioversion within 15 minutes of drug administration. Doses used were 

placebo, 35 mg, 70 mg, 105 mg and 140 mg, with 35%, 65%, 87%, 75% and 

95% reaching the defined endpoint, respectively. A statistically significant 

difference in the rate of conversion to sinus rhythm was detected for 

the top three doses of etripamil when compared against placebo, with 

evidence of plateauing beyond 70 mg according to a maximal efficacy 

dose-response model (R2 = 0.915). The median time to cardioversion in 

each of the top three dosing groups was <3 minutes. 

No major adverse events were seen that led to study termination. 

The most common adverse events were often attributable to local 

irritation, including oropharyngeal pain, cough, rhinorrhoea, nasal 

congestion, dysgeusia and lacrimation. One patient (from the 35 mg 

group) experienced facial flushing, dyspnoea and chest discomfort; one 

patient (in the 105 mg group) had nausea and vomiting; and one (in the 

105 mg group) experienced severe cough.

One patient in the 140 mg dosing group cardioverted immediately to sinus 

rhythm, but then developed second degree atrioventricular block with 

Figure 1: Summary of current international 
recommendations for the management of 
haemodynamically stable acute regular narrow  
complex tachycardia5,6

Blue boxes indicate class I recommendations. Purple box indicates class IIa 
recommendations.  
IV = intravenous; NCT = narrow complex tachycardia. 
Data sourced from Page et al. 20165 and Brugada et al. 2020.6
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hypotension after a further 5 minutes, which resolved after 43 minutes. 

Patients who received 70 mg or less of etripamil did not experience any 

significant hypotensive effect.

Phase III evidence
On the basis of the above, the 70 mg dose of etripamil has 

been taken forward to three phase III clinical trials. NODE-301  

(ClinicalTrials.gov Identifier: NCT03464019) was a randomized,  

double-blind, placebo-controlled, efficacy and safety study in 77 centres 

across the USA and Canada.23 Patients with ECG-documented PSVT 

sustained for at least 20 minutes were randomized to either etripamil or 

placebo. The test drug was self-administered upon onset of suspected 

PSVT outside of hospital which did not terminate with a vagal manoeuvre, 

and was coupled with up to 5 hours of ambulatory ECG monitoring to 

provide independent adjudication of suspected PSVT events. The primary 

endpoint was pre-defined as termination of an episode of PSVT to sinus 

rhythm for at least 30 seconds within the 5-hour period following study 

drug administration. The study was event-driven, with a pre-specified 

analysis planned once more than 150 positively-adjudicated PSVT events 

treated with etripamil/placebo reached the primary endpoint.

The early results of NODE-301 have been reported.20,24 Out of 431 recruited 

subjects, 10 (2.3%) failed an initial medically supervised etripamil test 

dose (this and other important exclusion criteria are elaborated in Table 

1).23 Four hundred and nineteen patients were finally randomized in a 2:1 

fashion to etripamil or placebo. The trial failed to demonstrate superiority 

of etripamil over placebo in terminating PSVT over the pre-specified 

5-hour period following study drug administration. However, as the  

half-life of etripamil is substantially less than 5 hours, a post-hoc 

analysis was performed looking at only the first 45 minutes following 

use of the study drug, and showed higher rates of PSVT termination with 

etripamil (61%), as opposed to placebo (45%). Two cases of first-degree 

atrioventricular block occurred in the etripamil group, with otherwise no 

difference in the safety profile between etripamil and placebo.

An extension of NODE-301, the RAPID study (Efficacy and Safety 

of Etripamil for the Termination of Spontaneous PSVT; EudraCT  

2018-000308-41; ClinicalTrials.gov Identifier: NCT03464019) is currently 

underway, which will comprise an ongoing safety evaluation, and also 

incorporate an arm with two doses, administered 10–15 minutes apart.23 

This better mirrors PSVT treatment practice in the acute setting (e.g., the 

use of consecutive escalating bolus doses of adenosine), and is expected 

to benefit a broader group of patients.20,25

NODE-302 (Safety Study of Intranasal Etripamil for the Termination of 

Spontaneous Episodes of Paroxysmal Supraventricular Tachycardia 

(PSVT); ClinicalTrials.gov Identifier: NCT03635996) is a multi-centre  

open-label extension study of NODE-301, which has finished recruitment 

and will further report on the safety of additional doses of etripamil.26 

NODE-303 (Safety Study of Etripamil Nasal Spray for Patients With 

Paroxysmal Supraventricular Tachycardia; ClinicalTrials.gov Identifier: 

NCT04072835)is an ongoing international study to evaluate the safety 

and efficacy of using 70 mg doses of etripamil after failure of vagal 

manoeuvres, outside of the clinical setting, on multiple SVT episodes.27 

Centres across the Americas, South Africa and Europe are involved.

Table 2 summarizes the clinical studies of intra-nasal etripamil that 

have been completed or are currently in progress.18–24,26,27 It is worth 

noting that patients on beta blockers or calcium channel antagonists 

have been included in the phase III clinical trials, which should broaden 

the generalizability of their findings by encompassing patients who are 

already using currently recommended first-line pharmacological therapy.

Anticipated clinical utility of etripamil nasal 
spray for paroxysmal supraventricular 
tachycardia
Alternative to catheter ablation
For some patients, the perceived advantages of catheter ablation are 

outweighed by the perceived risks. This may apply particularly to those 

whose PSVT symptoms are very infrequent. At present, such patients 

who decline catheter ablation have limited choice beyond that of 

vagal manoeuvres and ongoing oral medication either regularly or on a  

“pill-in-the-pocket” basis. For this group, as-needed intra-nasal etripamil 

may represent an appealing alternative approach to rapidly terminating 

their symptoms.

Bridge to catheter ablation
In some healthcare systems, there may be a substantial delay between 

referral for catheter ablation and the procedure itself. Etripamil could 

serve as an appropriate short-term alternative or possibly even adjunct 

to oral medications, acting as a ‘bridge to ablation’ in this context.

To facilitate reduction or cessation of oral 
medications
Some patients with PSVT may not wish to take regular oral medications. 

Even if initiated, it is not uncommon for them to inquire if such regular 

medications could be discontinued, whether to due side effects or for 

other reasons. Etripamil may facilitate this.

Emergency department use
With the positive safety profile and rapidity of conversion demonstrated 

by etripamil, it could be utilized acutely within emergency departments 

following ECG confirmation of PSVT, circumventing (or reducing the 

urgency of) intravenous access for definitive treatment.21,22 In this 

situation, treatment success would not only be therapeutic, but also 

indicate to the patient the utility of intra-nasal etripamil for future PSVT 

episodes; therefore, potentially reducing hospital visits.

Table 1: Key exclusion criteria for the NODE-301 phase III 
clinical trial of etripamil23

Adverse effect from a medically supervised test dose of etripamil:

• symptoms of severe hypotension

• BP drop ≥40 mmHg

• BP <75 mmHg

• sinus bradycardia ≤40 bpm

• sinus pause ≥3 seconds

• second- (Mobitz II) or third-degree AV block

• ventricular arrhythmias/>6 ventricular ectopic beats over 45 seconds

• atrial fibrillation >30 seconds

History of non-AV nodal dependent tachycardia (e.g., atrial fibrillation)

Ventricular pre-excitation

Second- or third-degree AV block

Systolic BP <90 mmHg at screening

History of severe hypotension or syncope with PSVT

Stroke within the 6 months prior to randomization

Heart failure NYHA class II–IV

Amiodarone use within 30 days of randomization

Digoxin, class I or class III anti-arrhythmic drug use <5 half-lives prior to 

randomization

AV = atrioventricular; BP = blood pressure; bpm = beats per minute; NYHA = New York 
Heart Association; PSVT = paroxysmal supraventricular tachycardia.
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Failure or unsuitability of catheter ablation
Catheter ablation for AVNRT and AVRT has a very high success rate 

(>95%), but there are circumstances where it may not be successful 

or may be associated with a prohibitively high risk.28 The latter includes 

patients with para-Hisian accessory pathways, for example, where the 

close proximity of the accessory pathway to the atrioventricular node 

precludes safe ablation.29 Intra-nasal etripamil may be useful in these 

niche circumstances.

Future directions
The first patient for the RAPID study was enrolled towards the end 

of 2020, and top-line data are expected in early 2022. In combination 

with NODE-301, these data may fulfil efficacy requirements for 

approval by the United States Food and Drug Administration.25 NODE-

302 has completed recruitment, with results anticipated in the near 

future. At the time of writing, NODE-303 is estimated to complete at 

the end of August 2021. However, recruitment to NODE-303 is being 

affected by the current COVID-19 pandemic, with some centres 

closing to enrollment as a result. It is anticipated that this, together 

with increased focus on the RAPID study, will lead to downsizing of 

the NODE-303 trial.20

Intra-nasal etripamil shows promise as a treatment for PSVT, but 

may remain a niche product in view of the fact that the first-choice 

therapy for most patients is (usually curative) catheter ablation. Further 

investigation will be required to establish whether or not etripamil 

could also be effective for other conditions which respond to calcium 

channel blockade, such as angina or atrial fibrillation.

Conclusion
The lack of an effective self-administered product for PSVT increases 

the burden on acute medical services. Etripamil is a novel intra-nasal 

preparation of a rapidly effective, but short-acting, calcium channel 

blocker that shows promise in offering out-of-hospital treatment 

for patients with PSVT. Studies, to date, have demonstrated good 

tolerability and potential efficacy, with a safety profile that is acceptable 

for unsupervised self-administration. The results from ongoing clinical 

trials are eagerly awaited. q
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