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ABSTRACT

The choice between rhythm and rate control strategy represents one of the most intriguing dilemmas in
the management of atrial fibrillation (AF). Although the advantage of rhythm over rate control in terms
of outcome has not been unequivocally proven, the initial management of patients with symptomatic
episodes of AF frequently involves early cardioversion. As electrical cardioversion (EC) is challenging
in terms of fasting status and involvement of an anesthesiologic team, pharmacological cardioversion
(PC) is usually selected as the first step toward rhythm conversion. Qualification criteria for PC or EC
are similar and should comprise assessment of hemodynamic status, estimation of arrhythmic episode
duration, evaluation of anticoagulation regimen, exclusion of other supraventricular arrhythmias, and
assessment of the chance of rhythm conversion and persistence of sinus rhythm. Finally, the choice of
adequate antiarrhythmic drug (AAD) depends on the presence of structural heart disease (SHD) and lo-
cal experience. In patients without any SHD, complications occur rarely, hence traditional (propafenone,
flecainide) or nonclassical Vaughan—-Williams class | (antazoline) or class Ill (vernakalant, ibutilide, or
dofetilide) drugs are preferred. The presence of SHD consistent with any left ventricular hypertrophy,
heart failure, myocardial ischemia, or valvular heart disease limits the choice of AAD to amiodarone.
Given the risk of ventricular proarrhythmia of AAD, safety should always prevail over the enticing
possibility of rhythm conversion. The present review aims to provide a comprehensible summary of
proper qualification for PC, selection of suitable AAD, and state-of-the-art periprocedural management
of patients with recent-onset AF.

Introduction  Clinical significance of atrial fibrilla-  QOL, prevent redundant hospital admissions, and

tion (AF) is associated not only with an increased
risk of systemic embolism and impaired outcome
but also with decreased quality of life (QOL)."?
The rhythm control strategy, along with optimal
rate control, should mainly result in symptom-
atic relief.** Also, there are plausible scientific
data suggesting improved outcome in patients
with early implementation of complex rhythm
control strategy, including antiarrhythmic drugs
(AADs), electrical cardioversion (EC), and pul-
monary vein isolation.® The first step of rhythm
control strategy is pharmacological cardiover-
sion (PC), which consists in intravenous or oral
administration of AADs in order to convert AF
to sinus rhythm (SR) under the constant electro-
cardiographic monitoring.®* This procedure may
terminate symptomatic episodes of AF, improve

reduce health care costs.® According to the cur-
rent European Society of Cardiology (ESC) guide-
lines,’ either PC or EC is recommended as the ini-
tial management of patients with new-onset and
symptomatic AF, provided there are no contrain-
dications. Although EC is associated with a 90%
chance of restoring SR, it requires general anes-
thesia, and PC frequently serves as an initial at-
tempt at rthythm conversion.? The overall efficacy
of PC was estimated at around 50%-70%, depend-
ing on the patient’s profile and AAD applied.?-"°
Available AADs share different limitations, in-
cluding increased risk of induction of ventricu-
lar arrhythmias (Vaughan-Williams class Ic, eg,
propafenone) or delayed onset of action (ami-
odarone), or have limited regional availability
(vernakalant, antazoline, and ibutilide), hence
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Recent-onset AF

bbb

ECG / BP / HR monitoring during ED stay
Perform TTE in first-in-life arrhythmia episode

Hemodynamic instability? Yes
Prolonged QTc >500 ms?
Bradyarrhythmia/SSS /AVB? Administer LMWH if not
‘ No anticoagulated
Elective, delayed EC
following rate control No Adequate anticoagulation status or
and at least 3 weeks of OAC: p—— .
« BB or episode <48 h or no thrombus on TEE?
* CaB Administer LMWH or
. NOAC if not ‘ Yes
anticoagulated * Dofetilide®
Yes e |butilide?®

Treatment of secondary
causes: antibiotic therapy,

Atrial flutter/ MRAT?

A4

* Amiodarone

thyreostatic therapy, ‘ No pacing if PM/ICD
treatment of alcohol present
intoxication Yes
Transient triggers: infection,
hyperthyroidism, alcohol abuse?
No
If preferred If unsuccessful
Permanent AF Indicators of permanent AF:
) Y * advanced age
0AC and chronic rate es

control strategy:

* BBor
* CaB
* +/—digoxin

. No
PC —see Figure 2  RE

FIGURE 1

* severe LA dilation

* numerous comorbidities

* long duration of the episode

* congitive impairment /dementia
* asymptomatic course

‘No

Auxiliary therapy: initial rate control /potassium
and magnesium infusion IV

Patient prefers EC?

* High-rate atrial

—— — —— - - - 4

Yes

Initial considerations prior to an attempt at the management of rhythm control in acute setting

a Dofetilide and ibutilide may cause proarrhythmia due to QTc prolongation and are not available in certain European countries, including Poland

b Electrical cardioversion in atrial flutter/ MRAT is performed using low energy of 70-100 J, while in the case of AF higher energy of 150-200 J may
be required; the diagnosis of atrial flutter should prompt early referral for catheter ablation
Abbreviations: AF, atrial fibrillation; AVB, atrioventricular block; BB, B-blockers; BP, blood pressure; CaB, nondihydropiridine calcium channel blockers;
EC, electrical cardioversion; ECG, electrocardiographic study; ED, emergency department; HR, heart rate; ICD, implantable cardioverter-defibrillation;
IV, intravenously; LA, left atrium; LMWH, low-molecular-weight heparin; MRAT, macroreentrant atrial tachycardia; NOAC, non—vitamin-K antagonist
oral anticoagulant; OAC, oral anticoagulation; PC, pharmacological cardioversion; PM, pacemaker; SSS, sick sinus syndrome; TEE, transesophageal

echocardiography; TTE, transthoracic echocardiography

the AAD selection should be tailored to individu-
al patient’s characteristics and clinical settings."
Certain nonclassical AADs, including antazoline,
seem to be highly effective in restoring SR.'>"*

Given the annually increasing prevalence of
AE" the knowledge regarding state-of-the-art
management of new-onset AF seems vital for
all practicing clinicians in the field of internal
medicine. This review summarizes contemporary
knowledge on the qualification for PC, choice of
suitable AADs for rhythm conversion, and peri-
procedural care of AF patients.

POLISH ARCHIVES OF INTERNAL MEDICINE  2023; 133 (9)

Rhythm vs rate control strategy: to convert or not
to convert The decision to proceed to restora-
tion of SR in acute setting requires a complex
multiple-step approach that should incorporate
the evaluation of the patient’s hemodynamics,
duration of arrhythmia, anticoagulation status,
differentiation of AF from other supraventricu-
lar arrhythmias, and consideration of futility of
the attempted cardioversion (FiGURE 1). The man-
agement of patients with newly-diagnosed AF
should follow the holistic ABC pathway (A, an-
ticoagulation; B, better symptom management;



C, comorbidity optimization), which was shown
to translate into improved survival of patients
with AE’

In every patient with new-onset AF, hemody-
namic instability should be ruled out upon ad-
mission to an emergency department (ED).” In
the case of hypotension and/ or signs of peripher-
al hypoperfusion, the patients should be urgent-
ly submitted to the EC following a single dose of
low-molecular-weight heparin, if not previously
anticoagulated.'® Also, the presence of sick sinus
syndrome or advanced atrioventricular block or
QTc interval above 500 ms favors EC, as PC might
lead to excessive bradycardia or malignant ven-
tricular arrhythmia.’

The next step should involve an assessment
of the thromboembolic risk and the presence of
adequate antithrombotic treatment.” Both EC
and PC should be treated in the same way, as
they increase the risk of thromboembolic com-
plications, which may occur early or late after
the procedure.'” The core variable for determining
the thromboembolic risk is the estimated dura-
tion of an arrhythmic episode. The risk is 4 times
lower when the conversion to SR takes place up
to 12 hours after the onset, and grows 4-fold be-
tween 12 and 48 hours.? Therefore, the patients
with AF duration of 48 hours or longer or with
uncertain duration should be cardioverted after
at least 3 weeks of adequate oral anticoagulation
(OAC)."® Patients on long-term OACs may pro-
ceed to cardioversion, but clinicians should be
aware of the fact that nearly 6% of the patients on
non-vitamin K oral anticoagulants (NOACs) and
13% on vitamin K antagonists have thrombus in
the left atrial appendage (LAA) on transesopha-
geal echocardiography (TEE)."® Also, patients with
heart failure (HF) and low left ventricular ejec-
tion fraction (LVEF) have higher propensity for
thrombus formation in the left atrium (LA) de-
spite chronic OAC.? Although thrombi in the LAA
represent a mechanism responsible for thrombo-
embolic complications, no study has proven that
their presence in patients on adequate OAC in-
creases the risk of thromboembolic complications.
The exclusion of thrombus within the LAA on TEE
obviates the need for prolonged anticoagulation
prior to the procedure.???' Detection of a throm-
bus in the LAA is an indication for repeated TEE
prior to planned cardioversion following institu-
tion or modification of antithrombotic therapy.’
Of note, both patients with arrhythmia lasting
less than 48 hours and patients without throm-
bus on TEE should receive heparin or NOAC pri-
or to cardioversion.?*?* In general, cardioversion
is reckoned to be safe despite the lack of antico-
agulation, providing that symptoms of arrhyth-
mia persist for less than 48 hours.” The procedure
is particularly safe in patients without a history
of thromboembolism and AF duration below 12
hours or patients with alow CHA,DS,-VASc score
of 1 or lower for men or 2 or lower for women, and
AF duration between 12 and 48 hours.* In gen-
eral, the CHA,DS,-VASc score represents a good

predictor of thromboembolic complications in
anticoagulation-naive patients undergoing car-
dioversion after less than 48 hours since the on-
set of AF episode.?® Following cardioversion, all
patients should be anticoagulated for at least 4
weeks. In those with definite duration of an AF
episode below 24 hours and CHA,DS,-VASc score
of 0 in men and 1 in women, the 4-week antico-
agulation may be skipped.?® Chronic anticoagula-
tion following the 4-week period should be con-
sidered in men with a CHA,DS -VASc score of
1 and women with a CHA,DS_-VASc score of 2,
while it is definitely recommended in the patients
with higher values of the CHA,DS,-VASc score.?®

Particular focus should be placed on differenti-
ation of AF from other forms of supraventricular
arrhythmia, such as atrial flutter (AF1).?” AFl may
also derive from the conversion from AF, as a re-
sult of treatment with class Ic AADs.?® The diagno-
sis of AFl should lead to a decision of upfront EC,
as PCis related with low likelihood of the rhythm
conversion.?? Following successful restoration of
SR, the patients should be referred for catheter
ablation, especially in the case of typical AF1.%°

The core element of care of patients with
recent-onset AF is rate control with a B-blocker
or a nondihydropyridine calcium channel block-
er (diltiazem or verapamil), which should be im-
plemented also in the patients in whom early car-
dioversion is planned.?' The most reasonable ap-
proach involves careful titration of intravenous
B-blocker. Caution is warranted, as overdose of
the rate control agents may lead to excessive bra-
dycardia after successful cardioversion. Although
digoxin is frequently used as an adjunct drug to
B-blockers or calcium channel blockers in the pa-
tients with permanent AF, its use in the patients
with persistent or paroxysmal AF referred for car-
dioversion may predispose them to postcardiover-
sion bradycardia and is generally not indicated.*?

Furthermore, clinicians should be watchful of
temporary but not instantaneously removable
AF triggers, including infection, hyperthyroid-
ism, and alcohol intoxication.?? In these clinical
scenarios, treatment of the underlying cause, ini-
tial rate control, and adequate anticoagulation
should be implemented, followed by scheduled
elective EC (FIGURE 1). Rapid attempt to perform
PC or EC poses a high risk of failure. On the other
hand, the presence of secondary AF should not be
an excuse for not implementing chronic anticoag-
ulation therapy in the patients at risk, as the ar-
rhythmia relapses in the majority of individuals.**

Certain transient AF triggers, such as hypoka-
lemia and hypertensive crisis, should be correct-
ed in the acute setting, as their treatment may
facilitate successful cardioversion or even cause
spontaneous rhythm conversion.*

Clinicians should perform a complex analysis
of the desired strategy of either rate or rhythm
control, as the goal of restoring SR might not be
achievable in all patients.?® Based on firm data,®®
adequate rate control is noninferior to repeat-
ed cardioversions in terms of long-term risk of
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death, thromboembolic complications, bleed-
ing, or a need for pacemaker implantation. Sev-
eral factors advocate in favor of the rate control
strategy, most notably extensive fibrosis and
dilation of LA, consistent with irreversible an-
atomic substrate for AF persistence. LA diame-
ter of 50-55 mm or higher in parasternal long-
axis view represents a proposed threshold above
which the rate control strategy should be select-
ed.?” Patients with structural abnormalities, in-
cluding severe mitral valve insufficiency or mod-
erate/ severe mitral valve stenosis should not
be referred for acute rhythm control prior to
treatment of the valvular heart disease.?® Thus,
every attempt at PC or EC in the patients with
new-onset AF should be preceded by transtho-
racic echocardiography.” Also, long duration of
an AF episode, especially above 1 year, asymp-
tomatic course (European Heart Rhythm Classi-
fication class 1-2a), older age, female sex, high-
er CHA,DS,-VASc score, and high comorbidity
index favor the rate control strategy and no at-
tempt of cardioversion.*® Contrary to that, young
and highly symptomatic patients with first-in-
-life clinically documented AF episode?' and no
imaging signs of LA remodeling are good candi-
dates for acute rhythm conversion. In addition,
any suspicion of tachycardia-induced cardiomy-
opathy should prompt early rhythm conversion
to facilitate LVEF improvement.**

The chance of restoring SR may be estimated
by the AE-CVS score comprising a set of variables
including age, presence of HEF, vascular disease,
not the first episode of AF, and time from the pre-
vious episode.*’ Rhythm conversion may also be
predicted with the well-known CHA,DS_-VASc
score.’®

Careful discussion with the patient is crucial to
understand their preferences in terms of the cho-
sen strategy. All patients should be made aware
that regardless of the selected strategy, the long-
-term outcome is similar, while the attempt of car-
dioversion offers the benefit of imminent symp-
tom control.?®

How to convert: pharmacological or electrical car-
dioversion Assuming that patients are correctly
selected, the initial rhythm control strategy may
comprise AAD infusion or EC performed in col-
laboration with the anesthesiologic team or EC
facilitated by initial AAD infusion (drug-shock
scenario).”! Existing meta-analyses provide no
clear superiority of either strategy for hemody-
namically stable AE.? The choice of the procedure
should regard its pros and cons, patient prefer-
ences, and available resources. As EC requires an-
esthesiologic consult, fasting status, and tran-
sient general anesthesia, it generally creates a
greater burden for the health care system than
a simple drug infusion. The usual approach in-
volves an initial PC, followed by salvage EC in
the case of a lack of rhythm conversion. Both
procedures require the same adequate anticoag-
ulation in order to minimize the risk of systemic
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thromboembolic complications. It should be not-
ed that, apart from mere arrhythmia termina-
tion by PC or EC, current recommendations al-
low for the upfront pulmonary vein isolation as
the first-line rhythm control therapy prior to
administration of AAD, both in paroxysmal and
persistent AE

All in all, PC leads to rhythm conversion in
50%-70% of patients,’ while subsequent sal-
vage EC increases the overall success rate to
96%."" Overall safety of PC is comparable to that
of EC, despite the risk of AAD side effects.?!°
Transient hypotension incidence is significant-
ly higher after PC, but it does not translate into
impaired outcomes.?!? Such aspects as AF re-
currence rate after 4 weeks, ED revisit due to
AF, duration of in-hospital stay, readmission
rate, and thromboembolic risk are similar for
PC and EC strategies.®'” Initial PC may lower
the health care-associated costs, as EC is a more
expensive procedure that requires more staff
and monitoring space.®®° Taking into consider-
ation all the abovementioned factors, the choice
of either strategy should be a shared doctor-
-patient decision.

When to convert: should we hurry? The dura-
tion of AF is one of the crucial factors deter-
mining whether cardioversion is going to be suc-
cessful.*? Surprisingly, while the cardioversion-
-related thromboembolic risk is the lowest in
the first 12 hours of an AF episode, cardiover-
sion at that time is often unsuccessful.’” It may
be caused by heightened sympathetic nervous
activity and stress during the onset of AF, either
as an underlying cause or as a result of the ar-
rhythmia.*? On the other hand, the rate of suc-
cessful cardioversions after 48 hours lowers as
well.? Prolonged arrhythmia favors structur-
al and electrical remodeling, which results in
resistance to cardioversion.®'® Early cardio-
version can stop the abovementioned changes
in the heart, reduce symptoms, and translate
into better QOL, while lowering the health care
costs.'® Thus, based on current evidence, cardio-
version seems to be the most effective between
12 and 48 hours after the onset of arrhythmia.?
Unclear AF episode duration and inadequate an-
ticoagulation are indications to perform elective
EC with varying efficacy of 66%-95%.° In the pa-
tients with persistent AF, the chance of restor-
ing SR lowers with time. Moreover, prolonged
AF episodes result in a higher rate of AF recur-
rence. Therefore, elective cardioversions should
not be delayed.?

The waiting strategy is quite a new approach
to AF management. A landmark multicenter tri-
al by Pluymaekers et al*® randomized patients to
either early EC or delayed EC after 48 hours from
the arrhythmia onset with initial rate control
strategy. The arrhythmia ceased spontaneously
within 48 hours in 69% of the patients, while
the percentage of patients with SR was compara-
ble both at 48 hours and 4-weeks after the onset



Pharmacological cardioversion of AF

Evaluation of anticoagulation status

Cautious rate control,
eg, titrated metoprolol 2.5 mg IV

IV supplementation of potassium in the case
of normo- and hypokalemia

Antihypertensive treatment
in patients with elevated BP

No structural heart disease

e Vernakalant IV

* Propafenone IV or oral
* Flecainide IV or oral

* Antazoline? IV
e |butilide IV

HFmrEF and HFpEF
* Vernakalant IV
* Amiodarone IV

Mild structural heart disease

eg, LVH, CAD, moderate HFrEF or

Severe structural heart disease

eg, severe HFrEF, severe AVS
* Amiodarone IV

FIGURE 2  Choice of antiarrhythmic drugs for pharmacological cardioversion of atrial fibrillation. Antiarrhythmic drugs available in Poland are marked

blue.

a The use of antazoline is not endorsed by the current European Society of Cardiology or American guidelines but its use is reasonable based on data
from 1 randomized controlled trial and observational studies; the drug has been approved in Poland for treatment of supraventricular arrhythmias
Abbreviations: AAD, antiarrhythmic drug; AVS, aortic valve stenosis; CAD, coronary artery disease; HFrEF, heart failure with reduced ejection fraction;
HFmrEF, heart failure with mildly-reduced ejection fraction; HFpEF, heart failure with preserved ejection fraction; LVH, left ventricular hypertrophy;

others, see FIGURE 1

of the index arrhythmic event.***%* Spontaneous
SR conversion usually occurs up to 24-48 hours
after the AF onset, and can be expected partic-
ularly in the patients with the first detected AF
episode, no history of HF, or structural heart dis-
ease (SHD), and no LA enlargement.** The pa-
tients characterized by a greater chance of spon-
taneous rhythm conversion may be identified by
means of the ReSinus score," which comprises
AF episode duration below 24 hours, heart rate
at admission above 125 bpm, potassium replace-
ment at K* level of 3.9 mmol/I or lower, N-ter-
minal pro-B-type natriuretic peptide level below
1300 pg/ml, and lactate dehydrogenase level be-
low 200 U/1.% Using this score allows for signif-
icantly lower utilization of health care resources
and a more organized care of patients who often
report outside the office hours.***** The struc-
tured approach targeting comorbidities and ar-
rhythmia precipitating factors has shown bene-
fits in terms of shorter time spent in the ED and
higher chances of preserving SR.**

After the “golden 48 hours,” the chances of
spontaneous cardioversion are negatively affect-
ed by the duration of AF.*® Spontaneous conver-
sion to SR after 48 hours occurs in 7% to 17%
of individuals, especially if treated with chronic
AAD therapy, which is observed predominantly
in the patients referred for elective EC.*”*8 Due
to a short observation period in most studies fo-
cused on spontaneous cardioversion, this phe-
nomenon is not yet well known and its clinical
significance is unclear.”’

Antiarrhythmic drug selection for pharmacological
cardioversion The current European and Amer-
ican recommendations advocate in favor of AAD
selection for PC based on the presence of SHD”#?
(FIGURE 2). In the patients without SHD, vernaka-
lant, propafenone, flecainide, and ibutilide are
viable options.?’-5* In the case of accompanying
HE, coronary artery disease, significant valvular
heart disease, or left ventricular hypertrophy,
amiodarone represents the only pharmaceutical
agent suitable for PC.5* Amiodarone should not
be used as an initial AAD for rhythm conversion
in healthy individuals due to the risk of perivas-
cular administration and acute organ toxicity.’
As none of the AADs was linked to improved sur-
vival in any clinical scenario, including AF, safe-
ty should always be the primary factor underly-
ing the choice of AADs.

Patients undergoing PC should remain under
constant electrocardiographic and blood pressure
(BP) monitoring, so that possible complications
can be immediately managed®® (FIGURE 2). There-
fore, the choice of AAD for chronic use, without
constant electrocardiographic and hemodynam-
ic supervision is a scenario different from acute
use of AADs in the safe milieu of ED. The con-
sensus is that AADs should be administered only
to symptomatic patients, and only 1 drug from
groups [ and I1I can be used at a time in 1 patient,
given the risk of proarrhythmia.”**:5% The real-
-world data contradict the guidelines and raise
safety concerns, as 2 and more AADs are used in
25% of all patients undergoing PC. However, this
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approach does not lead to greater cardioversion
efficacy than the administration of a single AAD.'?

A scientific debate is ongoing concerning
the definition of SHD and the validity of not ap-
plying the Vaughan-Williams group I agents in
the patients with any form of SHD,*® based on his-
torical risk of proarrhythmia and sudden cardiac
arrest in HF patients enrolled in the CAST (Car-
diac Arrhythmia Suppression Trial), which did
not pertain to clinical setting of AR’ The guide-
lines do not support the use of certain AADs that
were proven useful in everyday practice, includ-
ing antazoline, which was shown to exhibit high
efficacy and relative safety, especially in patients
without SHD."#"®

According to a recent meta-analysis by
Orso et al,'! involving 7988 patients, the high-
est chance of successful termination of AF was re-
ported in the individuals treated with quinidine-
-verapamil (87%), antazoline (86%), vernakalant
(85%), tedisamil (80%), amiodarone-ranolazine
(80%), lidocaine (78%), dofetilide (77%), and fle-
cainide (71%). However, not all of the abovemen-
tioned drugs are routinely used in everyday clin-
ical practice due to safety concerns.

The overview of commonly used AADs for
rhythm conversion in AF, along with the sup-
porting evidence, is presented in TABLE 1. General
principles and practical considerations concern-
ing PC are included in TABLE 2. This review does
not cover certain AADs that are not utilized in
daily clinical practice in any part of the world or
have been withdrawn as causing proarrhythmia
(eg, quinidine®® or tedisamil®®).

Vernakalant Vernakalant belongs to the Vaughan—
-Williams class III AADs, and its efficacy and safe-
ty were confirmed in randomized controlled tri-
als (RCTs).506061 It selectively blocks cardiac tran-
sient outward potassium current, being more ef-
fective at higher heart rates. It is administered in
a 10-minute intravenous infusion, which can be re-
peated after 10 minutes (1ABLE 1). Vernakalant facili-
tates early AF termination with median time rang-
ing from 8 to 12 minutes. Its efficacy against AF]
is much lower.%? The drug is endorsed by the cur-
rent ESC guidelines as the first-line pharmaco-
logic agent in AF patients with or without mild
SHD. Vernakalant may be utilized in the patients
with coronary artery disease barring for 1-month
after acute coronary syndrome, HF with mildly-
-reduced or preserved ejection fraction in the New
York Heart Association classes I and II, as well as
in the patients with left ventricular hypertrophy.
The main limitation of its use is its high cost and
unavailability in certain parts of the world, in-
cluding Poland. The American guidelines do not
recommend vernakalant due to flaws in the con-
firmatory trials, primarily an inadequate compar-
ator in the form of amiodarone and inadequate
timeframe for time to conversion of 90 minutes.*’

Propafenone Propafenone is a sodium chan-
nel blocker belonging to class Ic as per the
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Vaughan-Williams classification. It has
a B-blocking and a weak calcium channel block-
ing activity. Propafenone increases effective re-
fractory period (ERP) of the atria and ventricles
in a rate-dependent manner.?® Propafenone in
an intravenous form is available in Europe but
not in the United States. Intravenous propafe-
none is one of the first-line agents recommend-
ed for PC of AF in the patients without heart
diseases.?® %455 On the other hand, propafenone
is not recommended in the patients with SHD,
such as HF, depressed left ventricular function,
atrioventricular (AV) conduction disturbances
and bundle branch blocks, or sinus node dys-
function. Propafenone confers the risk of pro-
arrhythmia and has a negative inotropic effect.
Possible adverse effects comprise sinus brady-
cardia (6%), HF deterioration, and conversion of
AF to AFl rarely with 1:1 AV conduction that re-
quires rapid EC. It can also widen the QRS com-
plex mimicking ventricular rhythm / ventricular
tachycardia and requiring drug discontinuation.?'
The noncardiovascular side effects are rare and
include paresthesia and dizziness. Following in-
-hospital safety confirmation, it may be utilized
as a “pill-in-the-pocket.”®"%% It should be preced-
ed (30 min) by a B-blocker or a calcium channel
blocker administration in order to avoid rapid AV
conduction. In patients weighing less than 70 kg,
a lower propafenone dose should be used.®® Ge-
netic predisposition to slow drug metabolism is
present in 7% to 10% of the general population,
which may predispose patients to increased risk
of side effects.®®

Flecainide Flecainide belongs to class Ic and it
selectively blocks fast inward sodium current
and potassium outward current. Flecainide pro-
longs ERP of the atria, ventricles, accessory path-
ways, and the AV node, and consequently pro-
longs QRS duration and QT interval.®® It exerts
a stronger antiarrhythmic effect than propafe-
none.” Intravenous flecainide is one of the first-
line agents recommended for PC of recent on-
set AE2:57 The pharmacokinetics of flecainide
allows for rapid intravenous infusion (2 mg/kg
over 10-30 min) and relatively fast rhythm con-
version.?® However, the use of flecainide should
be limited to patients without SHD. Hypotension
is present in 2% of patients even without SHD.
Flecainide may facilitate conversion of AF to AF],
sometimes with 1:1 conduction. It can also wid-
en the QRS complex requiring drug discontin-
uation.’’ The noncardiovascular side effects are
uncommon and include transient dizziness and
paresthesia.®® Intravenous flecainide is available
in many countries, except for the United States
and Poland. The use of oral form of flecainide
for PC is a possible alternative.®’” However, be-
fore the first self-administration, safety of this
form of the “pill-in-the-pocket” approach should
be tested in hospital conditions. A study evalu-
ating an oral inhalation of flecainide in paroxys-
mal AF (INSTANT study’’) has been published
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TABLE 1

Vernakalant

Route and dose

IV, 3 mg/kg/10 min, after 10
min 2 mg/kg/10 min

Time to
conversion

8-12 min

Efficacy

50%—70%

Adverse actions/properties/contraindications

*Contraindicated in the case of systolic BP <100 mm Hg,
recent acute coronary syndrome within 1 month, HF with
NYHA Il or IV, prolonged QT, or severe aortic stenosis;

May cause hypotension, QT prolongation, QRS widening, or
nonsustained ventricular tachycardia;

*Not approved in the United States; unavailable in Poland

Study, design, and number of
participants

AVRO®°; RCT; n = 254

Summary of randomized controlled trials and high-volume observational studies regarding different antiarrhythmic agents used for acute rhythm control of atrial fibrillation (continued on the next page)

Comparator

Amiodarone

ACT-IlI°°; RCT; n = 276

Placebo

SPECTRUMS'; RCT; n = 1778

Placebo

Propafenone

Ic

Oral, 450-600 mg

IV, 1.5-2 mg/10 min

30 min

43%-89%

Flecainide

Ic

Oral, 200-300 mg

IV, 2 mg/kg/10 min

25 min

46%—-90%

* Propafenone and flecainide share similar properties;

* Contraindicated in structural heart disease, including HF,
coronary artery disease, LVH, and significant valvular heart
disease;

*May cause AFl with 1:1 conduction, hence its use should
be accompanied by a B-blocker or a calcium channel blocker

e Transient QRS widening

*Propafenone and flecainide can be utilized as the “pill-in-
-the-pocket” strategy

Boriani et al°*; RCT, n = 240

Placebo

Pohjantahti-Maaroos et al*?; Obs;
n = 200

Vernakalant

Amiodarone

IV, 5-7 mg/kg/1-2 h; up to
1.2 g/24 h IV, infusion no faster
than 50 mg/h

55h

44%—-68%

«Delayed onset of action;

*May cause skin necrosis and phlebitis, significant organ
toxicity, including hyper- and hypothyroidism, liver failure,
and lung fibrosis in the case of chronic use;

«Safe AAD in structural heart disease;

|V amiodarone may cause hypotension and negative
inotropic effect, it has lypophilic properties and high contents
of iodine, dissolve in glucose and use a volumetric pump

Galve et al**; RCT; n = 100

Placebo

Letelier et al’®; Meta; n = 2000

Placebo or rate control
agents

Ibutilide

IV, 1 mg/10 min after 10 min,
repeat 1 mg/10 min

60 min

AF, 31%-51%;
AFl, 63%—-76%

*Risk of QT prolongation and torsade de pointes;
*More effective in AFl than AF;

*Monitor for at least 4 h after infusion
*Contraindicated in LVH and low LVEF

Stambler et al**; RCT;, n = 266

Placebo

Ellenbogen et al’®; RCT, n = 200

Placebo

Volgman et al’’; RCT; n = 127

Procainamide

Dofetilide

Oral, 125-500 pg twice daily

24 h, 70%;
36 h, 91%

IV, 8 pg/kg/30 min

3h

AF, 22%—24%;
AFl, 64%—-75%

*Dose adjustment to renal function, body size, and age;
*Risk of QT prolongation and torsade de pointes induction;
*Do not use as “pill-in-the-pocket”;

* More effective in AFl than AF;

*Not available in Europe

SAFIRE-D®?; RCT; n = 325

Placebo

Norgaard et al*’; RCT; n = 96

Placebo



Summary of randomized controlled trials and high-volume observational studies regarding different antiarrhythmic agents used for acute rhythm control of atrial fibrillation (continued from the previous page)

TABLE 1

Comparator

Study, design, and number of

participants
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conversion

Placebo

AnPAF'*; RCT; n = 74

* Atropine-like effect with increased AV conduction and

75%—83%

16 min

IV, 200 mg +/- after 30-60

min 200 mg IV

Antazoline

transient tachyarrhythmia, dry mouth, nausea and vomiting,

vertigo;

Propafenone

Farkowski et al'*; Obs; n = 432

CANT'3; Obs; n = 450

Propafenone/Amiodarone

*Commonly used as antihistamine drug;

* Available only in Poland;

Propafenone/Amiodarone

CANT II'Z; Obs; n = 1365
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«Safety in structural heart disease was not verified
*Drug-induced lupus erythematosus, contraindicated in

Abbreviations: ACC, American College of Cardiology; AF, atrial flutter; AHA, American Heart Association; AV, atrioventricular; HF, heart failure; LVEF, left ventricular ejection fraction; Meta, meta-analysis; NYHA, New York Heart
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recently and confirmed safety and efficacy of
this form of treatment.

Amiodarone Amiodarone represents a universal-
ly utilized and widely available class III AAD.”?
It is a highly lipophilic benzofuran compound
with 37% iodine content. The drug has a very
long half-life reaching 100 days, as it is slowly re-
leased from lipid-rich tissues (fat and muscles).
It exerts its antiarrhythmic effect by blocking
the potassium and sodium channels, which leads
to prolongation of QT interval and reduction
of AV and intraventricular conduction. The in-
travenous compound is characterized by nega-
tive inotropic effect that may lower BP, but it
is virtually the only AAD that may be adminis-
tered in hemodynamically unstable patients.’
Prior to intravenous administration, the drug
should be dissolved in 5% glucose solution and
administered initially at a dose of about 300 mg
over 2 hours. The daily maximal dose is 1.2 g.
Intravenous amiodarone is commonly used as
an AAD for AF conversion with moderate effi-
cacy of about 50%.5%7% It is crucial to expect de-
layed termination of AF with a median time of
5.5 hours, which is much longer than for the oth-
er class I and III AADs. This AAD is recommend-
ed primarily in AF patients with SHD, given its
proven safety in individuals with HF and acute
myocardial infarction.®® Also, in hemodynami-
cally unstable patients with AF and low LVEE,
amiodarone infusion may be used for rapid rate
control.”* Amiodarone should not be used as
the first-line drug for PC of AF in the patients
without structural heart abnormalities, as this
may lead to local infusion-site skin necrosis if
the intravenous line is displaced or, rarely, acute
organ toxicity, most notably hyperthyroidism.”®

Ibutilide Ibutilide exerts its class IIT AAD prop-
erties by blocking potassium channels and acti-
vating the slow inward sodium channel, which
translate into increased duration of action po-
tential and ERP of the atrial and ventricular
myocardial cells.?" Ibutilide is mainly metab-
olized in the liver, and its plasma half-life is 5
to 6 hours. It is only available in intravenous
form due to extensive first-pass metabolism.®?
Reported efficacy rate of restoring SR is 31% to
51% for recent-onset AF, and 63% to 76% for
AF1.%37778 Thutilide may be utilized only in pa-
tients without SHD.” It is imperative to moni-
tor the patients for 4 hours after the drug in-
fusion, given significant, dose-dependent QT
prolongation and the increased risk of torsade
de pointes (4%) or monomorphic ventricular
tachycardia (4.9%).”° Regardless of the high ef-
ficacy of dofetilide and ibutilide in the rhythm
conversion in AF] patients, their real-life use
is limited due to increased role of AFl ablation
and limited regional availability.

Dofetilide Dofetilide is a representative of class
III AADs and its properties include the capability



TABLE 2 Practical considerations and safety measures concerning pharmacological

cardioversion of atrial fibrillation

* Patients should be under ECG and noninvasive BP monitoring.

« Initial laboratory tests should be available prior to pharmacological cardioversion:
potassium concentration, serum creatinine concentration, complete blood count,
and thyroid stimulating hormone level.

* All patients with the first-ever episode of AF should undergo transthoracic echocar-
diography prior to pharmacological cardioversion focused on left atrial diam-
eter/area/volume, presence of LVH, left ventricular systolic function, and presence
of valvular heart disease, especially mitral valve regurgitation or stenosis.

* AF should be confirmed initially on 12-lead ECG, and repeated ECG should be
performed after restoration of SR.

* Duration of PQ and QTc intervals and QRS complex should be documented.

¢ It is not recommended to use overlapping AADs.

* AADs should only be used in symptomatic patients.

* In the case of a lack of AAD efficacy, urgent or delayed EC should be considered.
* Patients should be monitored for at least 2 hours after the end of AAD infusion.

* Transcutaneous/transvenous pacing should be easily available.

* Patients should not drive vehicles and should be supervised on the day of the proce-
dure, especially if they receive antazoline.

* Specific median time to rhythm conversion of different AADs should be taken into
consideration.

* Amiodarone often leads to delayed conversion to SR (12-24 hours).

Abbreviations: SR, sinus rhythm; others, see FIGURES 1 and 2

to block the rapid component of the delayed po-
tassium channel current. Dofetilide administra-
tion leads to prolongation of action potential

and ERP of the atria twice more often than of
the ventricles.®? Oral dofetilide was approved by

the Food and Drug Administration in 2000 but
is not marketed in Europe and Australia, while
its intravenous form was withdrawn worldwide.
Thus, practical use of dofetilide in PC of AF is
limited.?" Intravenous dofetilide is moderate-
ly effective in terminating recent-onset AF and
requires strict electrocardiographic monitoring
during and after infusion due to the risk of QT

prolongation and torsade de pointes (2%-4% of

cases). Dofetilide administration should be start-
ed in a hospital, and monitoring of the QT inter-
val is obligatory. Similarly to ibutilide, intrave-
nous dofetilide is effective in conversion of AFl
to SR.®' Based on the results of the DIAMOND
trial®? (Danish Investigation on Arrhythmia and
Mortality on Dofetilide), oral dofetilide was ef-

fective in termination of AF and prevention of

its recurrence.

Antazoline Since its first use in the 1960s, an-
tiarrhythmic properties of antazoline have at-
tracted attention of researchers.®® These proper-
ties have been somewhat forgotten, and antazo-
line served primarily as a traditional, first-genera-
tion, parenteral antihistamine drug. In the 1990s,
antazoline has been rediscovered as an AAD and
its use for rapid conversion of AF to SR in elec-
trophysiology laboratories, and subsequently
EDs, has grown exponentially in Poland. Antazo-
line mesylate belongs to the Vaughan-Williams
class Ia, and shows properties similar to quini-
dine.?*%% The drug exerts anticholinergic activ-

ity, which translates into transient elevation of

heart rate.?*-%° It causes moderate prolongation of
QTcinterval, QRS complex, and LA ERP. Antazo-
line has a rapid onset of action leading to rhythm
conversion within a median time of 16 minutes.'*
The usual dose varies from 200 to 400 mg dilut-
ed in saline and administered in a rapid bolus.'?
Thanks to its atropine-like properties, antazoline
triggers transient increase of heart rate and QRS
widening, which directly precede restoration of
SR. For this reason, antazoline is frequently ad-
ministered together with a 3-blocker. Possible
adverse effects include temporary xerostomia,
nausea, vomiting, hypotension, and postcardio-
version bradycardia.'?"® The efficacy and safe-
ty of antazoline were initially proven in a pre-
liminary RCT in 74 patients, where PC efficacy
was 72.2% in the antazoline group and 10.5% in
the placebo group, while the use of antazoline
was not linked to any life-threatening adverse
effects.'® Furthermore, in a retrospective anal-
ysis by Farkowski et al,'" covering 432 patients,
antazoline was more effective than propafenone
in restoring SR (71.6% vs 55.1%), while the ad-
verse effects were comparable in both groups.
The CANT I and CANT II studies (Cardioversion
with antazoline in Atrial Fibrillation) provided re-
spectively single- and multicenter data on 1365
patients subjected to PC." The efficacy of antazo-
line in terms of AF termination (78.3%) was com-
parable with that of propafenone (72.7%) and su-
perior to amiodarone (66.9%), while the adverse
effects were evenly distributed between the sub-
groups.'? Antazoline was approved in Poland for
PC of supraventricular arrhythmias, however,
the widespread use of this drug has not been re-
flected in the current European guidelines’. Giv-
en a lack of high-volume RCTs, antazoline use
should be limited to patients without SHD, who
undergo strict electrocardiographic supervision.

"Pill-in-the-pocket" strategy Chemical conver-
sion of a short-duration AF episode may be per-
formed by the patients themselves. This strate-
gy seems attractive, as it provides patients with
the comfort of having the chance to restore SR
without a cumbersome visit to the ED. It improves
the peace of mind and well-being of patients, and
significantly decreases utilization of health care
resources. The current European and American
guidelines allow a single oral dose of propafe-
none (450-600 mg) and flecainide (200-300 mg),
providing that the safety and efficacy of the
Vaughan-Williams class Ic drugs were confirmed
in hospital settings.”** This strategy is particular-
ly useful in the patients with recent-onset AF, no
SHD, and infrequent arrhythmic episodes. A re-
cent study validated the safety of the “pill-in-
-the-pocket” strategy, as significant adverse ef-
fects occurred in 3% of the patients in a cohort
of 273 individuals.*® Complications consisted of
syncope/ hypotension and 1:1 AFL.?® Since the lat-
ter complication is probable, a B-blocker or non-
dihydropyridine calcium channel blocker should
be administered 30 minutes prior to AAD intake.
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A modification of this approach involves
a booster dose of Ic AAD in the patients who are
already on chronic maintenance antiarrhythmic
therapy. It is contraindicated to use oral dofet-
ilide for this purpose due to a risk of polymor-
phic ventricular tachycardia. In addition, a sin-
gle oral amiodarone dose does not offer greater
benefit in terms of rhythm conversion, as this li-
pophilic drug acts by accumulating in the body,
and a single oral dose cannot modify its efficacy
in the acute setting.’

More recently, an inhalation solution of fle-
cainide was proposed, which was documented
to be efficient and safe when administered by pa-
tients at home.”" Inhaled flecainide at the high-
est dose restored SR in 50% of patients within
90 minutes.”!

Auxiliary management of atrial fibrillation: does it mat-
ter? Potassium and magnesium infusion Hypo-
kalemia is one of the key precipitating factors of
an AF episode.?® Although not included in the cur-
rent recommendations, intravenous potassium
administration is a common practice.” It does not
require adequate anticoagulation regimen, as re-
turn of SR is regarded as spontaneous termina-
tion of arrhythmia. What is not widely known, is
the fact that not only hypokalemia but also se-
rum potassium within the reference value should
prompt its careful intravenous supplementation,
as it promotes rhythm conversion.** Serum potas-
sium concentration of 3.8 mol/l or greater is as-
sociated with a higher probability of successful
EC.%% According to a recent cohort study, intra-
venous administration of potassium and magne-
sium may increase the rate of spontaneous ter-
mination of AF, but not AFL.* It is suggested that
more dynamic increase in the serum potassium
level (>0.047 mmol/h) may be associated with
a higher PC efficacy, but it does not seem to affect
the time to conversion.®' Potassium infusion can
cause pain at the infusion site. This can be mini-
mized by administering a solution of low potas-
sium concentration and at a slow rate.”!

Hypomagnesemia seems to contribute to AF
occurrence, but the beneficial effects of intrave-
nous magnesium administration for management
AF are not well established.*® Potassium and mag-
nesium infusions in AF are often combined, there-
fore it is impossible to differentiate their contri-
bution to the observed outcomes.** Even up to
20% of the patients with AF, as compared with
those without AF, can have a significantly lower
level of magnesium.?? According to the random-
ized LOMAGHLI study,®’ low-dose magnesium
(single dose of 4.5 g administered over 30 min)
was associated with better rate control and great-
er chance of rhythm conversion at 24 hours than
high-dose magnesium (single dose of 9 g admin-
istered over 30 min) and placebo.®®

B-Blockers p-Blockers represent the
Vaughan-Williams class II drugs, but they are
used primarily for lowering the ventricular
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response and handling AF-related symptoms.
Administration of a p-blocker is not regarded
as an attempt at cardioversion and does not re-
quire preparation in terms of anticoagulation.
Data on the contribution of B-blockers to PC are
very limited. Pretreatment with oral metoprolol
may lower both the early- and long-term rate of
AF recurrence.®® However, B-blocker administra-
tion after conversion to SR is not effective in pre-
venting AF recurrence in the first 5 days after car-
dioversion.’® As the authors of this review, we en-
dorse the strategy of administering intravenous
or oral metoprolol in patients with mean heart
rate above 130 bpm, providing that severe left
ventricular dysfunction is excluded. B-Blockers
are characterized by a negative inotropic effect,
and should not be applied in hemodynamical-
ly unstable patients with AF. In these patients,
tachyarrhythmia reflects a compensatory reflex
to maintain cardiac output.

Summary  Acute pharmacological conversion of
AF to SR represents the initial attempt at rhythm
control in patients with both paroxysmal and per-
sistent AF. Given proper qualification of the pa-
tients, PC may deliver rapid relief to symptom-
atic individuals and obviate the need for hospital
admission. Evaluation of anticoagulation status
and swift selection of adequate pharmaceutical
agent for the procedure are crucial. Still, frequent
consults at the ED requring acute rhythm con-
trol advocate in favor of prolonged AAD therapy
and referral for pulmonary vein isolation. One
should remember that in the case of low inten-
sity or lack of symptoms associated with an AF
episode, a “wait-and-see” strategy might be a vi-
able option, as the majority of episodes resolve
spontaneously within days.
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