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ABSTRACT. The management approaches to patients with atrial fibrillation (AF) include
rhythm-control strategies for those patients who are symptomatic despite rate control and for
selected others in whom sinus rhythm is necessary for reasons beyond current symptoms (includ-
ing commercial pilots, those who are felt likely to develop symptoms as comorbidities progress, and
more). First-line therapies among the rhythm-control options are antiarrhythmic drugs (AADs).

For many AAD:s, their initiation in-hospital is either a requirement or strongly advised—
especially when the patient is in AF. This article explores some of the rationale behind this require-
ment to give clinicians a better understanding of the reasons for this undesired inconvenience.
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Background

The management strategy for patients with atrial fibril-
lation (AF) involves four major components: control of
the ventricular rate, prevention of thromboembolism, res-
toration of sinus rhythm with minimization of recurrent
AF (thythm control), and management of the underlying
comorbidities that promote AF and / or impair outcome.'?
With respect to rhythm control, one or more antiar-
rhythmic drugs (AADs) are generally employed prior
to attempts at ablative therapies and are also commonly
employed when ablation has failed. Additionally, when
AADs are used for AF, whether prior to or following abla-
tion, the major guidelines'? stress a safety-first approach.
That is, when the ventricular response is controlled and
appropriate oral anticoagulation has been instituted and
stabilized, AF patients should have a markedly reduced
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risk of mortality or major morbidity from the AF itself.
Therefore, attempts at rhythm control should use AADs
with a low risk profile prior to the pursuit of approaches
that may be more effective but carry a greater risk, such
as amiodarone or ablation, as well as prior to a repeat
ablation procedure. To directly quote the 2016 European
Society of Cardiology (ESC) guidelines, as an example,?
“amiodarone is more effective in preventing AF recur-
rences than other AADs, but extracardiac toxic effects are
common and increase with time. For this reason, other
AAD should be considered first.” Because of the proar-
rhythmic risk, major guidelines'? and/or package inserts
indicate that, for some of these AADs, initiation should
occur in the hospital under electrocardiogram (ECG)
monitoring. The purpose of this article is to highlight for
clinicians the major reasons behind such recommenda-
tions so as to minimize the risk of proarrhythmic patient
death that could result from unmonitored outpatient
initiation.

No AAD is entirely free of notable risks. Most prom-
inently, these include both organ toxicity and proar-
rhythmic ventricular tachyarrhythmias that may cause
syncope or death. Organ toxicity is a serious concern
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with amiodarone but appears to be much less of an issue
with other AADs (though it also was with quinidine
and procainamide).>® Ventricular proarrhythmia,>>7-14
in the form of monomorphic ventricular tachycardia
(VT) [which may degenerate into ventricular fibrillation
(VF)],'>' is mostly a concern with inhibitors of the fast
sodium current, eg, class I AADs. Reentry is the mecha-
nism for class I AAD-induced monomorphic VT, which
almost always occurs in the setting of underlying ana-
tomic or histopathologic left ventricular (LV) abnormal-
ities or ischemia that modify conduction patterns within
the ventricles so as to facilitate reentrant loops. The risk
of developing monomorphic VT as a proarrhythmic
response to a class I AAD in the setting of a ventricular
structural or functional disorder appears to be greatest
with class IC AADs, which have a more potent effect
on sodium channel blockade than do class IA or class
IB AADs. Ventricular proarrhythmia, in the form of tor-
sades de pointes (TdP) polymorphic VT (which also may
degenerate into VF), is primarily a concern with drugs
that prolong ventricular repolarization—specifically,
class IA AADs and class III AADs. Herein, sotalol—and,
even more so, dofetilide—carries a much greater risk
than the mixed channel agents often classified predom-
inantly as class III, which are amiodarone and dronedar-
one. Amiodarone and dronedarone are more complex
agents that have properties other than those of class II
and class III drugs, which might lessen the risk of TdP.
Moreover, they reduce the dispersion of repolarization in
the ventricular myocardium, which lessens the likelihood
of TdP development, in contrast with the increase in dis-
persion that occurs with sotalol and dofetilide. Because
of the TdP risk, in Europe, dofetilide has not yet been
approved for use and, in the 2020 ESC guidelines, sotalol
has been reduced from a class I level of recommendation
to a class IIb.'” (“Sotalol may be considered for long-term
rhythm control in patients with normal LV function or
with ischaemic heart disease if close monitoring of the QT
interval, serum potassium level, CrCl, and other proar-
rhythmia risk factors is provided.”)

The risk of TdP with a class IA or class III AAD is not
entirely an event that occurs by chance. Rather, there
are factors that are known to enhance the risk. Among
the most prominent are those that are modifiable

(hypokalemia, hypomagnesemia, or co-administration
of drugs that prolong repolarization), those that may be
modifiable (bradycardia, ventricular hypertrophy, altered
drug clearance), and those that are inherited (female sex
and specific gene defects)”!! (Table 1). The common fea-
tures of these are enhancement of the potential for early
afterdepolarizations (EADs) and reentry during ventricu-
lar repolarization. Among the electrophysiologic factors
that contribute to TdP, prolongation of ventricular repo-
larization is a major contributory component, especially
if there is also increased dispersion of repolarization (rep-
resented on the ECG as the difference between the long-
est and the shortest QT intervals).”!!

The issue of the relationship between prolonged ven-
tricular repolarization and an increased risk for TdP with
potassium channel-blocking AADs has been known for
years, but some components of this relationship are par-
ticularly relevant. It is these features that the rest of this
article will address, as their recognition may help to miti-
gate the risk and as they are important with respect to the
need for hospitalization when class IA and III AADs are
initiated in a patient who is in AF.

Ventricular repolarization
Bradycardia and action-potential duration

Repolarization duration in the His-Purkinje tissue and
in ventricular myocytes reflects the length of their action
potential and their action potential length is, in a signifi-
cant part, dependent upon the previous R-R cycle length
(ie, both the immediately preceding R-R interval and the
few before it).'®!"” The longer the preceding R-R interval,
the longer the next myocyte action-potential duration
will be. In the presence of a reduced outward potassium
current during the action-potential plateau and phase 3,
whether due to a genetic defect, changes associated with
ventricular hypertrophy, or drug suppression of potas-
sium channel conductance (particularly Ik,), the longer
the myocyte action potential and the greater the likeli-
hood of development of EADs, which can trigger TdP.”!!

Upon recognizing this relationship, it should be clear
that bradycardia will be associated with an increase in

Table 1: Factors That Clinicians Should Remain Aware of with Respect to AAD-induced Proarrhythmia

Drug Class | Primary Proarrhythmia Type Contributing Factors
Comorbidities that result in regions of slow conduction, unequal conduction,
IAand IC | Reentrant ventricular tachycardia | and unidirectional block of conduction in ventricular myocardium, including scar,

ischemia, and infiltration

Factors that lengthen the QT interval besides the AAD, including bradycardia
(absolute, relative, and/or abrupt), concomitant QT-prolonging drugs, impaired

1A 1] TdP L . . .
and d repolarization reserve, ventricular hypertrophy, impaired drug clearance, female
sex, and specific gene defects
IAand lll | TdP Factors that facilitate the development of afterdepolarizations; in addition to the

factors noted above, which can result in a prolonged QT interval, hypokalemia and
hypomagnesemia can facilitate the development of TdP

AAD: antiarrhythmic drug; TdP: torsades de pointes.
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action-potential duration. Accordingly, the pause that
occurs with the termination of AF, whether spontane-
ously or via cardioversion (direct-current or drug-in-
duced), is most likely the longest R-R cycle the patient
will encounter. This should reasonably be associated
with the moment of greatest risk for TdP in a patient
taking a class IA or IIl AAD. Given this relationship and
risk, it should be no surprise that the initiation of such
drugs in a patient in AF, which might terminate follow-
ing drug initiation, is generally advised to occur in-hos-
pital under monitored conditions.'*?’ Notably, via indi-
rect comparisons, as the risk of TdP appears to be lower
with sotalol than with dofetilide, AF guidelines have not
broadly mandated in-hospital initiation of sotalol if the
patient is in sinus rhythm and has no other risk mark-
ers for TdP, such as hypokalemia, hypomagnesemia,
diuretic therapy, bradycardia/tachy-brady syndrome,
and renal impairment. For example, the 2006 American
College of Cardiology (ACC)/American Heart Associa-
tion (AHA)/ESC guidelines® state that, “as long as the
baseline uncorrected QT interval is less than 460 ms,
serum electrolytes are normal, and risk factors associ-
ated with class III drug-related proarrhythmia are con-
sidered, sotalol may be initiated in outpatients with little
or no heart disease. It is safest to start sotalol when the
patient is in sinus rthythm.” In contrast, those same 2006
guidelines also state that “quinidine, procainamide, and
disopyramide should not be started out of [the] hospi-
tal and out-of-hospital initiation of dofetilide is not cur-
rently permitted.” Further in contrast [and surprisingly
and unfortunately, in my opinion], while the 2014 AHA/
ACC/Heart Rhythm Society (HRS) guidelines® specifi-
cally state that “dofetilide therapy should not be initiated
out of hospital owing to the risk of excessive QT prolon-
gation that can cause torsades de pointes,” they no longer
mention where sotalol should be started—moreover, nei-
ther do the 2019 AHA /ACC/HRS guideline updates®! or
the 2020 ESC guidelines.!” Interestingly, and in contrast,
the package inserts for sotalol, dofetilide, and quinidine
each suggest in-hospital initiation at all times and include
the specific dose ranges not to be exceeded and the appro-
priate QT and renal status criteria to guide dosing.”* In
association with the concern regarding TdP and its rela-
tionship to bradycardia, one should always consider any
previously demonstrated effect(s) on the sinus node of
the drug(s) being used to control the ventricular response
during AF and should adjust them accordingly as needed
if sinus rhythm is to be restored with a QT interval-pro-
longing AAD. Because of its intrinsic sympathomimetic
activity, pindolol is the least likely of all the available
B-blockers to suppress sinus rates even though it can be
effective in depressing atrioventricular (AV) nodal con-
duction during AF** and, as such, may be the safest to
use when a B-blocker is added to dofetilide if sinus rate
slowdown is a concern.

Repolarization reserve

Why is it that not all patients given a class IA or Il AAD
develop significant action-potential lengthening and,
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with it, a prolonged QT or corrected QT (QTc) interval?
This can, at least in part, be explained by the concept of
repolarization reserve.”>* We each have multiple ion
channels that contribute to ventricular repolarization,
including several different potassium currents. If the
administered AAD, such as dofetilide, impairs one type
of current, such as Ik, but the others remain capable of
increasing their conduction of potassium outwardly, the
net effect will be no significant increase in ventricular
action-potential duration and, therefore, QT interval. The
ability for nonblocked channels to increase their potas-
sium-carrying current reflects their “reserve,” and hence
the term repolarization reserve.”% If, however, the other
channels cannot adequately increase their reserve, usu-
ally because of the individual’s gene-determined pat-
tern’®* but possibly due to the effect of multiple drugs
taken in combination, then action-potential lengthening
will occur, and, with it, an increased risk for TdP. This,
too, should become apparent relatively soon after a
class IA or III AAD is started and, hence, supports the
need for the advised in-hospital period of observation.
Repolarization reserve is also linked to the observation
that many patients who develop TdP when given QT
interval-prolonging drugs do not show any QT prolon-
gation on their ECGs in the absence of such medications.

The effects of adaptation

Adaptation refers to the observation that a sustained
change in the ventricular rate will be associated with a
change in the duration of repolarization,**! though it
may occur slowly.*'=? For example, following cardiover-
sion of a patient who has been in AF with a ventricular rate
significantly faster than the postconversion sinus rhythm
rate, the action-potential duration, as reflected by the QT
or QTc interval, will be longer immediately after cardio-
version as compared with later on, despite no change in
the sinus rate. This is due to the initial “relative brady-
cardia” of sinus rhythm in contrast with the ventricular
rate during AF. In this circumstance, the need for an abso-
lutely bradycardic post-AF rate is not necessary. Of note,
however, this may only be apparent in circumstances
where the QT interval is initially prolonged, as with a
widened QRS or in the presence of a QT-prolonging med-
ication. Our laboratory demonstrated the effect of abrupt
rate slowing on ventricular repolarization and its evolu-
tion some years ago when patients with drug-refractory
rapid ventricular rates in AF were treated with AV nodal
ablation and implantation of a permanent ventricular
pacemaker.”> The QTc interval during pacing was long-
est shortly after cardioversion than at later times. More
specifically, 12-lead ECGs during right ventricular pac-
ing at rates of 60, 80, 100, and 120 bpm were recorded at
30 minutes, 24 hours, one week, and one month after AV
node ablation because of refractory AF in 15 patients. The
mean ventricular rates during AF in these patients preab-
lation were 93 bpm at rest and 156 bpm during activity.
In each case, the QT interval at 24 hours, one week, and
one month was shorter than that at 30 minutes at each
pacing rate, and there were no statistically significant
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differences between the QT intervals at 24 hours and
later time points. In five control patients without AF who
received pacemakers for bradycardic indications, there
were no statistically significant changes in the QT inter-
val at any time point at identical pacing rates. Similar
observations were subsequently made by Grom et al.*
Also, related findings were reported by Lenhoff et al.** in
a comparison of sotalol versus metoprolol; these authors
studied 208 patients (104 on sotalol and 104 on metopr-
olol, using maximally tolerable doses) who maintained
sinus rhythm during the first week after cardioversion for
AF. Twelve-lead ECGs were recorded at one hour and one
week postcardioversion. One hour postcardioversion, the
QTc interval was significantly longer in the sotalol group
than in the metoprolol group (465 vs. 423 ms). After one
week, the QTc had been shortened by 23 ms in the sotalol-
treated patients but remained unchanged in the metopr-
olol-treated patients.

Here, too, as the QT will be longer after cardioversion
than it will be at the same rate at later points in time,
observation of the patient early after cardioversion for the
TdP risk is advised.

Sex

When considering TdP and sex simultaneously, female
sex is the one that almost always comes to mind. With
virtually every drug studied that has been associated
with TdP, its incidence has been revealed as being
approximately twice as high in women than in men once
puberty has passed.**” Moreover, the effect of post-
pubertal gender on ventricular repolarization does not
change with menopause.®® While there appear to be sev-
eral mechanisms at play with respect to this relationship,
their end-effect is that women have longer QT and QTc
intervals than men. Thus, when starting an AAD for AF,
it would seem logical that women should be monitored
more closely than men (such as by more frequent analysis
of ECG intervals, renal function, and electrolytes and the
adoption of longer time periods between dose escalation
and shorter times to posthospital follow-up). However,
this is not specifically stated in any AF guidelines.'2?02!

Interestingly, the relationship may not simply be because
the longest QT interval on 12-lead ECGs from women
is longer than that from men,**! but, also of note, our
group reported that the shortest QT interval on 12-lead
ECGs from women is likewise longer than the shortest
QT interval from men.*! Moreover, the difference between
the longest and shortest QT intervals in men is greater
than in women. In other words, the shortest QT interval
in women is significantly longer than the shortest QT
interval in men and the shortest QT interval in women
minus that in men is greater than the difference between
the longest QT interval in women minus that in men. If
TdP is at least in part a probability function related to the
length of action potentials within the myocardium and
a functional threshold for the shortest action potential at
which EADs may begin to develop, women have more
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action potentials near that threshold in the baseline state
than men do, and it might take less drug to cause EADs to
develop in women than in men. Paradoxically, this is one
circumstance where QT dispersion is less in the group at
greater risk.

The “flip side” of such observations is that the AF guide-
lines do not specifically state a need to monitor women
more closely than men when starting an AAD or that
there are more men with AF than women at any age.
Concordantly, while the incidence of TdP development
in women is greater than that in men, the actual number
of men who develop TdP on an AAD is not less than that
of women. For example, we examined proarrhythmic
risks a few decades ago in the Electrophysiologic Study
Versus Electrocardiographic Monitoring (ESVEM) trial,*
which explored the effect of seven AADs in the man-
agement of sustained VT/VE** As one of the ESVEM
investigators and writing committee members, during
our assessment of adverse risks and events, I used the
ESVEM database to assess the frequency of excess QT
prolongation (> 500 ms) and TdP events by gender that
occurred when any or sequential AADs were given to
the ventricular tachyarrhythmia patients enrolled. These
drugs included imipramine, mexiletine, pirmenol, pro-
cainamide, propafenone, quinidine, and sotalol—that is,
several class IA and IIl AADs. Of the 486 patients who
received one or more AADs, 88% were men, the mean age
was 65 years, 85% had coronary artery disease, and the
mean LV ejection fraction was 32%. Excess QT prolonga-
tion occurred in nine of 426 men (2.1%) versus three of
60 women (5%), and TdP occurred in eight of 426 men
(1.9%) versus two of 60 women (3.3%). Though these
numbers were too small to reach statistical significance
and we elected not to publish them at that time, clearly,
the trends favored the historical impression of a higher
numerical risk in women than in men. However, 75% of
the excess QT prolongation and 80% of the TdP observed
in the study occurred in men.

Concluding thoughts

AF is increasingly occupying the focus of clinical cardiol-
ogists as an entity requiring attention. In many patients
with AE, AAD therapy is required. Unfortunately, with
some of our AADs and in some of our patients, in-hospi-
tal initiation of the AAD is required. Most patients would
prefer to avoid the inconveniences and costs associated
with hospitalizations. Moreover, judging by the overuse
of amiodarone as determined by prescription monitor-
ing—a drug that is not approved by the United States
Food and Drug Administration for AF—most physicians
also prefer not to have to hospitalize their patients just to
begin an AAD. Nonetheless, our current AF guidelines
for rhythm-control approaches in AF patients are based
upon a safety-first strategy, and this strategy requires
in-hospital initiation for some drugs in some patients
(Table 2). The material in this article is meant to provide
readers with some additional insight behind the in-hos-
pital requirements.
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Table 2: Considerations Concerning AADs with Respect to In-hospital Initiation217.2021

For All Drugs That Can Increase the QT Interval:

e Correct electrolyte abnormalities, especially hypokalemia and hypomagnesemia

e Correct bradycardia, if possible (consider pacemaker if necessary)

¢ Discontinue or reduce dosage of concomitant drugs (if possible) that can impair metabolism and/or clearance of the AAD and/or
that can themselves increase the QT interval

Q

T-interval prolongation

¢ Avoid using the AAD if the QT or QTc interval is prolonged at baseline or if the patient has a known genotype associated with

e Use extra caution (eg, consider starting with a lower dose or incrementing doses more slowly) in women

¢ Discontinue the AAD if undue QT-interval lengthening occurs (which can be due to sex or heart rate and drug-specific—check the
package inserts) and monitor the ECG intervals at least until a pharmacologic steady state is achieved

For Specific Drugs:

¢ Dofetilide (or quinidine): in-hospital initiation for all patients, as well as for increments in dosage.

¢ Sotalol: in-hospital initiation for all patients if in atrial fibrillation; can consider outpatient initiation if nonbradycardic; male;
and/or with normal electrolytes, normal baseline QT interval, normal renal function, and no concomitant interacting medications

AAD: antiarrhythmic drug; QTc: corrected QT.
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