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A B S T R A C T

Class 1C antiarrhythmic drugs (AADs) are a key treatment option for effective rhythm control in several common 
arrhythmias. Here, we review the relevant background on Class 1C AADs, these drugs' indications and contra
indications, and potential safe ways to use them. The safety profile of 1C AADs, and related restrictions on their 
use, has been largely based on the decades-old CAST trial, but more recent evidence may favor re-evaluating 
previously excluded populations. This review examines opportunities to reconsider certain patient populations 
that have previously been excluded from the use of 1C AADs. This reconsideration is made feasible due to ad
vances in cardiac reperfusion, medical therapies for heart failure, and cardiac imaging.

Introduction

Atrial fibrillation (AF) is the most common abnormal heart rhythm in 
the United States, with an increasing population prevalence of approx
imately 6.6 million in 2015 and 10.6 million in 2019, with projections 
reaching as high as 12.1 million in 2030. 1–5 The treatment tactic of 
rhythm control, in which patients are treated with antiarrhythmic drugs 
(AADs) and/or ablation (catheter-based or surgical), is increasingly 
preferred over the rate control strategy (i.e., accepting AF as long as the 
heart rate is not high).6–8 Rate control previously was considered non
inferior to rhythm control following major trials such as AFFIRM, but 
ongoing advances in rhythm-control strategies using catheter ablation 
or pharmacotherapy are resulting in improved safety and efficacy of 
rhythm control.6,9–11 This review summarizes the history of 1C AADs, 
indications for, and contraindications to, their use, and evaluates studies 
potentially showing safe ways in which those restrictions may be 
relaxed.

Mechanism of 1C AADs and indications for use

The use of the rhythm control strategy via pharmacotherapy is 

limited by specific AAD contraindications and side effect profiles. For 
example, in the current ACC/AHA/HRS guidelines, the class 1C AAD, 
such as flecainide or propafenone, are first-line agents for AF, atrial 
flutter, PVCs, and SVT.12 However, the guidelines caution against using 
these drugs in some patients: specifically, those with structural heart 
disease (SHD) or significant coronary artery disease (CAD). These lim
itations manifested in large part because of the Cardiac Arrhythmia 
Suppression Trial (CAST; see below), which showed that when used for 
PVC suppression following myocardial infarction, while indeed effective 
for PVC suppression, 1C AADs were associated with the very significant 
side effects of cardiac arrest and increased mortality.13 These results 
have been extrapolated, perhaps unfoundedly, to cause many clinicians 
to avoid 1C AADs completely in any patient with any amount of CAD or 
any cardiomyopathy.

The proarrhythmic effect of 1C AADs is likely related to their effect of 
decreasing myocardial conduction velocity, which predisposes to 
myocardial reentry around and through regions of infarcted myocar
dium.1314 In the absence of a scar substrate, this effect could be expected 
to be less significant. Also, it should be recognized that CAST predates 
the PCI era, and timely revascularization via PCI may reduce the risk of 
proarrhythmic myocardial scar formation. Thus, even when CAD is 
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present, contemporary therapies have greatly uncoupled the existence of 
CAD and myocardial scar.

Limitations on 1C AADs

Flecainide and propafenone are first-line agents for rhythm control, 
according to the 2023 American College of Cardiology/American Heart 
Association/American College of Clinical Pharmacy/Heart Rhythm So
ciety Guidelines for the Diagnosis and Management of Atrial Fibrilla
tion.15 However, the guidelines also state that 1C AADs should be 
avoided in patients with CAD, or in the presence of sinus node or 
atrioventricular node dysfunction, heart failure, atrial flutter, infranodal 
conduction disease, Brugada syndrome, or liver disease.16 Flecainide use 
also is cautioned against in patients with renal dysfunction, and prop
afenone use is relatively contraindicated in patients with asthma due to 
its additional beta-blocking activity.16

Since the initial publication of the CAST investigation more than 
three decades ago, many have considered class 1C AADs unsafe for use 
in patients with CAD or other SHD.13,14,17 The CAST trial studied the use 
of 1C AADs in 1500 patients with a recent MI, a depressed LVEF, and 
frequent PVCs. The study found 1C AADs to be effective in PVC sup
pression. However, there was a significantly higher rate of death from 
arrhythmia and death from other cardiac causes in the 1C group, which 
was enough to halt the trial and significantly restrict the use of 1C 
AADs.13,17 Although these results were significant, the CAST trial find
ings have been broadly applied well beyond the initial group studied, 
which specifically comprised patients with an MI and an at least mildly 
depressed LVEF. The CAST results have since been generalized to all 
patients with any degree of CAD or cardiomyopathy, labeling them as 
having increased risk if treated with 1C AADs, regardless of their LVEF 
and regardless of whether myocardial scar is present. Though CAST 
demonstrated that patients with a recent MI are at higher risk from 1C 
AADs, this likely was due to ventricular tachyarrhythmias potentiated 
by myocardial fibrosis or ischemia, which serves as a substrate for 
reentry. Patients with CAD but no MI (and therefore no scar) may not 
have the same risk.

Evidence of 1C safety in CAD

Given the high prevalence of arrhythmias in patients with CAD, but 
the signal of 1C AAD-related increased mortality in those who have 
suffered MI, it may be useful to reassess the safety of 1C AADs in those 
who are adjacent to this population.

Some evidence implies that 1C AADs may be safe as long as there is 
no active ischemia present. A key point is that the CAST trial had several 
important limitations. The study was performed prior to the use of 
thrombolytics or primary PCI, which is significant because subsequent 
evidence links adverse events with an interaction between ongoing 
ischemia and Class 1C AAD use.14,18–21 Because revascularization was 
not as complete in the CAST era as it typically is today, CAST patients 
likely were more susceptible not only to scar formation, but also to 
ongoing ischemia that could contribute to arrhythmic events.22 It should 
be noted that elderly patients with significant pre-existing cardiovas
cular disease, LV dysfunction, and ventricular arrhythmias were not 
excluded from the CAST population.13,22 In relation to the more 
frequently incomplete revascularization in CAST, some argue that the 
link between drug and ischemia, rather than drug and scar, was identified 
in the CAST trial. This concept was further supported in the European 
Rythmol Atrial Fibrillation Trial (ERAFT), which supported the link 
between ischemia and electrical instability as an increased risk for 
interaction with 1C AADs. The ERAFT population contained some pa
tients with a prior MI but none with current unstable angina. Patients 
were treated with 1C AADs (propafenone at 325 or 425 mg twice a day) 
without any increase in mortality or ventricular arrhythmias compared 
to placebo.22,23 Importantly, approximately 40 % of that population had 
known SHD (mainly CAD), but exclusion criteria included unstable 

angina and stable class III or IV angina, or recent acute MI. Thus, in this 
population with a significant amount of CAD but a low probability of 
active ischemia, propafenone treatment appeared safe.

There also exists evidence to support the safety of 1C AADs even in 
the proved presence of significant but subclinical CAD. Our own labo
ratory at Ochsner Medical Center examined the safety of 1C AAD use in 
an age-matched cohort study including 96 patients with AF and without 
a history of MI or known CAD, but with positron emission tomography 
(PET)-derived coronary flow capacity (CFC) indicating that they had 
hemodynamically significant occult CAD.14,24 Among these patients, no 
1C-based survival difference was found (Fig. 1). Thus, in the absence of 
infarct, the presence of CAD may not imply increased risk from 1C AADs. 
Due to the retrospective nature and moderate size of this study, how
ever, further evidence will be needed to increase confidence in 1C drugs' 
safety in this setting.

Class 1C AADs also have been tested in the post-ablation period in 
patients with known CAD but without infarcts. In a retrospective study 
of patients undergoing AF ablation (pulmonary vein isolation, or PVI), 
patients with mild or moderate CAD were treated with propafenone (n 
= 263) or amiodarone (n = 499) during the three-month post-PVI 
“blanking period.” After 12 months of follow up, there was no statisti
cally significant signal of any ill effect from the propafenone: 11 patients 
in the propafenone group and 9 patients in the amiodarone group 
experienced the primary outcome of NSVT (4.2 % vs. 1.8 %, p = 0.25).25

No sustained VT, VF, SCD, or cardiovascular mortality was observed. 
One limitation of this study was that it is unclear what imaging or 
characteristics were used to stratify patients regarding their degree of 
CAD, which would be important for analysis of safety, and design of 
future trials.

A recent retrospective study examined the safety of 1C AADs in pa
tients with varying degrees of CAD (categorized as none, non
obstructive, or obstructive).”Obstructive” CAD included patients with 
any history of angina, previous MI, or revascularization by PCI or CABG. 
Patients with prior VT, ICD, or nonrevascularized MI were excluded. 
Only 110 of 3445 patients in the 1C group and 263 of 2216 patients in 
the class III group (sotalol, dofetilide) had “obstructive” CAD.26 The 
primary endpoint was a composite of death, VT/VF, or admission for 
decompensated heart failure. In the entire population, there were 365 
total events, but only 36 (9.9 %) of these events occurred in the 
obstructive CAD group.26 Overall, there were 157 (4.6 %) events in the 
class 1C group vs. 208 (9.4 %) events in the class III group. This retro
spective study, which may have been subject to significant selection 
bias, concluded that in the entire population, class 1C agents were 
associated with better event-free survival than class III agents. However, 
analysis of interaction later showed that 1C use was associated with a 
numerical but not statistically significant increase in events among those 
with nonobstructive CAD (HR 1.5 [0.9–2.6], p = 0.139). Moreover, there 
was poorer event-free survival when those with obstructive CAD were 
treated with a 1C AAD (HR 3.8 [1.7–8.7], p = 0.002).

It should also be noted that some evidence more directly implicates 
1C agents in terms of increased arrhythmic risk in acute ischemia. In the 
1990s, Faber et al. randomized to propafenone or placebo 98 patients 
undergoing coronary angioplasty.27 During PTCA-induced transient 
ischemia, significantly more prolongation of ventricular repolarization 
dispersion was seen in the propafenone group. This increase was espe
cially pronounced during interventions on the left anterior descending 
artery (difference in QT dispersion: +74 % for 1C vs. +14 % for placebo, 
p = 0.025). Because repolarization dispersion is a risk factor for elec
trical reentry, these data indicate that the use of 1C drugs may increase 
arrhythmic susceptibility in the presence of acute ischemia.

1C AADs in cardiomyopathy

Patients with NICM can have significant morbidity from frequent 
arrhythmias such as PVCs. In addition, frequent PVCs are associated 
with lower LVEF, lower rates of biventricular pacing, higher rates of 
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sustained ventricular arrhythmias, more heart failure exacerbations, and 
death. PVC suppression can be an important treatment in this patient 
population. Catheter ablation can be successful, but often there are 
limitations due to multiple foci or anatomically challenging sites of 
origin. Some medicines frequently used for PVC suppression among 
patients with LV dysfunction are Class III AADs, including amiodarone, 
sotalol, and dofetilide. These medications can be effective, but can be 
limited by potential toxicity to other organs, acute heart failure, renal 
dysfunction, and need for inpatient initiation due to the potential for QT 
prolongation.28 Thus, the use of 1C drugs in this population could fill an 
unmet need.

An important study by Hyman et al., Class 1C antiarrhythmic drugs for 
suspected premature ventricular contraction-induced cardiomyopathy, 
studied the safety of 1C AADs when used to suppress PVCs in twenty 
patients with suspected PVC-induced cardiomyopathy (PVC–CM).28 In 
their cohort, patients had either failed prior treatment with other AADs 
and/or had undergone unsuccessful PVC ablation, and then were treated 
with flecainide or propafenone for suspected PVC-CM. Patients were 
assessed with cardiac magnetic resonance imaging prior to initiation of 
1C AADs, in order to exclude any myocardial scar that could serve as a 
possible substrate for VT. Although this was a small cohort, the 1C AADs 
effectively suppressed PVCs and led to LVEF recovery in the majority of 
patients.

In a continuation of Hyman's work, Raad et al. recently examined the 
safety of 1C AADs for patients with various nonischemic etiologies of 
cardiomyopathy (LVEF all <50 %; 76 % of cases idiopathic, with rep
resentation also from sarcoidosis, filamin-C, peripartum, and viral car
diomyopathies).19 Their study demonstrated considerable PVC 
suppression with 1C AADs (20±13 % to 6±7 %, p < 0.001), as well as 
increases in biventricular pacing percentage among those with CRT-D 
(85±9 % vs. 93±7 %, p = 0.005), which individually or together led 
to some LVEF improvement in the majority of patients (Fig. 2). No 
adverse events were observed during treatment.19 This study specifically 
examined the safety of 1C AADs in various forms of NICM with the 
added protection of an ICD in case of proarrhythmia, which is a rather 

novel concept that may enable larger prospective study. Further study is 
needed to determine the safety of 1C AADs in the broad population of 
idiopathic and PVC-induced nonischemic cardiomyopathy. Given the 
higher chance for LVEF recovery with effective PVC suppression, such 
patients without an ICD potentially could be prescribed a wearable 
defibrillator vest during treatment with a 1C AAD, in hopes of allowing 
LVEF recovery and avoidance of permanent ICD implantation.

Antiarrhythmic therapy in SHD is frequently limited to amiodarone. 
Due to clinical and therapeutic advancements across cardiovascular 
medicine, it is worth re-evaluating whether should still be the case. A 
recent study by Zylla et al. re-assessed the saftety of 1C AAD as treatment 
for ventricular or atrial arrhythmias in patients with structural heart 
disease and a protective ICD in place.29 Fifty patients at four tertiary 

Fig. 1. Kaplan-Meier survival analysis of patients with >50 % of myocardium showing reduced coronary flow capacity by PET scan, stratified by 1C AAD use. 
(Figure adapted from original data presented in Pantlin et al.).

Fig. 2. The effect of PVC suppression using 1C antiarrhythmic drugs in patients 
with nonischemic cardiomyopathy. The mean left ventricular ejection fraction 
improved from 33±9 % to 37±10 %. With permission from Rand et al. AAD =
antiarrhythmic drug.
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centers in Germany were enrolled, and SHD was represented mostly by 
dilated cardiomyopathy (42 %), or ischemic cardiomyopathy (26 %), 
though other significant pathology (e.g., congenital heart disease, hy
pertrophic cardiomyopathy, sarcoidosis, or arrhythmogenic cardiomy
opathy) was included. During the 27-month follow up, there was an 
overall reduction in VA burden, and pro-arrhythmia was suspected in 3 
(6 %) patients. Thus, class 1C AAD use showed a low but not insignifi
cant rate of pro-arrhythmic effects or cardiovascular mortality.29 A 
particular strength of this study was its continuous monitoring for sig
nificant arrhythmia, by virtue of the presence of an ICD in all patients. 
Further trials with a larger enrollment of both ischemic and nonischemic 
patients with an ICD already in place could provide further data, 
including longer follow up and examining a more diverse population.

Although formal guidelines regarding use of 1C agents are not 
available for all varieties of SHD without ischemia, some data support 
the notion that they may be safer than previously thought, as shown in 
the central illustration. While 1C agents often are thought to be contra
indicated in the presence of significant LV hypertrophy, Chung et al. 
showed in an observational cohort study that 1C treatment of AF in 
patients with significant LVH (i.e., wall thickness ≥1.4 cm) was in fact 
not associated with increased mortality compared to treatment with 
amiodarone, even after propensity-score matching.30 The 2020 AHA/ 
ACC guidelines for hypertrophic cardiomyopathy caution against the 
use of 1C AADs in patients with HCM and AF due to risk of proar
rhythmia.31 However, in a small study of symptomatic HCM patients 
treated with flecainide for its potential to decrease the left ventricular 
pressure gradient (LVPG), there indeed was a decrease in LVPG similar 
to that seen with disopyramide, without the vagolytic side effects and 
also without any signal of arrhythmic risk.32 In the same vein, patients 
with arrhythmogenic cardiomyopathy (ARC) are predisposed to ven
tricular arrhythmia that may be challenging to suppress.33 There have 
been reports of adding flecainide to a baseline of sotalol and/or meto
prolol in these patients, with anecdotal results of greatly decreased VA 
thereafter.34 Prospective controlled studies are required to verify these 
suggestive findings.

Conclusion

Class 1C AADs are an important treatment option for multiple ar
rhythmias. However, primarily due to the results of one >30 year old 
trial, in certain populations these drugs are commonly avoided. More 
recent studies suggest that 1C AADs may be safe to use in some groups 
that previously were excluded, such as those with ectopy-induced car
diomyopathy without CAD, or cardiomyopathy in the presence of an 
ICD, but further study is needed. Whether patients with nonobstructive 
CAD without ischemia, prior MI, or myocardial scar can be safely treated 
with 1C agents remains controversial. Given advances in acute reper
fusion, medical therapy for HF, and stress imaging modalties, it is 
reasonable to continue to evaluate populations for whom the use of 1C 
AADs may be safe. The use of an ICD as an additional level of protection 
in such patients is a safer way to continue studying those patients pre
viously deemed to be at higher 1C-related risk, while having the reas
surance of device-based monitoring and device therapies available.

Take home points

1. Class 1C anti-arrhythmic drugs are an important treatment option in 
many arrhythmias and their safety profile needs to be re-examined in 
previously excluded patient populations.

2. Advances in reperfusion, heart failure medical treatment, and 
advanced imaging provides the opportunity to assess patients with 
non-obstructive CAD without ischemia or myocardial scar for safe 
use of 1C AADs.

3. Patients with an ICD offer an additional protection for further study 
in patients previously excluded from use of 1C AADs.
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