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Several antiarrhythmic drugs are prone to cause QT interval prolongation and torsades
de pointes (TDP). Predisposing risk factors include congenital channelopathies, severe
bradycardia, drugs, and hypokalemia. Individual genetic variation and drug metabolism
exaggerate susceptibility to adverse reactions. These proarrhythmic effects create a
deficit in the repolarization reserve and prolong action potential duration, resulting in
early afterdepolarizations, which promote a reentry circuit. Flecainide, a class IC drug,
also exhibits inhibitory actions on the K* channels, causing QT interval prolongation.
We identified six cases of flecainide-induced TDP in the literature. Most patients had
other predisposing factors. Bradycardia was present in all cases. Our case demonstrates
two arrhythmias caused by flecainide: atrial flutter with 1:1 atrioventricular conduction
and TDP. Both arrhythmias developed in the absence of hypokalemia, with the use of
other drugs that prolong QT interval, or genetic predisposition. Therefore, this is purely
a drug effect. This case report illustrates a rare but serious proarrhythmic property of
flecainide observed particularly in women.
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an inherent property of antiarrhythmic drugs.
Class IA and class III antiarrhythmic drugs
increase the action potential duration (APD) and
refractoriness, leading to an expected side effect of
QT prolongation, ventricular tachycardia (VT), and

Proarrhythmia or arrhythmia exacerbation is
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torsades de pointes (TDP). Class IC antiarrhythmic
drugs have minimal effect on the late portion of the
action potential and refractoriness, and therefore are
not prominent in causing TDP. In this case report,
we present a rare case of QT prolongation and poly-
morphic VT induced by flecainide.
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Figure 1. Pre-flecainide electrocardiogram of a 74-year-old woman with a history of paroxysmal atrial fibrillation.

Case Report

A 74-year-old woman with a his-
tory of paroxysmal atrial fibril-
lation (AF) was seen on a routine
outpatient follow-up visit. Her
medications included flecainide,
100 mg every 12 hours, and meto-
prolol, 50 mg extended release
daily. Before flecainide was
started, her QT/QTc interval was
438/442 ms (Figure 1). During
her visit, an ECG was obtained
and showed AF with a rapid ven-
tricular response of 77 beats/min.
Her flecainide dose was increased
to 150 mg every 12 hours. Five
days later she underwent out-
patient elective transesophageal
echocardiography and synchro-
nized cardioversion in an attempt
to restore her sinus rhythm,
which resulted in sinus brady-
cardia with a heart rate (HR) in
the range of 50 to 60 beats/min.
She had a left ventricle ejection
fraction of 60%, normal systolic
function, and a mildly dilated left
atrium. She was continued on the
same dose of flecainide and the
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Figure 2. Electrocardiogram showing sinus bradycardia with first-degree atrioventricular block.

metoprolol dose was reduced to
25 mg/d. Eleven days later, she
presented to the emergency room
after sustaining a syncopal epi-
sode. Upon arrival, an initial ECG
revealed sinus bradycardia with a
tirst degree atrioventricular (AV)
block and a QT/QTc interval pro-
longation to 616/561 ms (Figure 2).
Shortly thereafter, a heart monitor
demonstrated frequent bigeminy
complexes with prolonged compen-
satory pauses (1600 ms) and an HR

in the range of 40 to 45 beats/min
(Figure 3). She was given atro-
pine, 0.5 mg twice, 15 minutes
apart, without a significant effect.
Minutes later, she became diapho-
retic and unconscious, without a
palpable pulse. An ECG showed
atrial flutter with 1:1 AV conduc-
tion (HR 150 beats/min) (Figure 4).
Electrical  cardioversion  was
applied, converting her rhythm to
sinus bradycardia (HR 42 beats/
min) with first-degree AV block and
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Flecainide-induced Torsades de Pointes continued
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Figure 3. Heart monitor demonstrating bigeminy with prolonged compensatory pauses.
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Figure 4. Electrocardiogram demonstrating atrial flutter with 1:1 atrioventricular conduction and a wide QRS

complex.
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Figure 5. Electrocardiogram showing post-electrical cardioversion of atrial flutter.
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a QT/QTc interval of 640/534 ms
(Figure 5). She regained conscious-
ness without any neurologic defi-
cits. Subsequently, her condition
deteriorated once again when she
lost consciousness; an ECG demon-
strated sustained TDP (Figure 6).
After a successful cardioversion,
her rhythm was sinus bradycardia
(HR 54 beats/min), first-degree AV
block with a prolonged QT/QTc
interval of 634/601 ms (Figure 7).
Intravenous infusions of lidocaine,
magnesium sulfate, and isoproter-
enol were started per the electro-
physiologist’s ~ recommendation.
Her HR increased to > 70 beats/min
and the QT/QTc interval decreased
to 522/587 ms.

Additional past medical history
included hypertension, gout, hypo-
thyroidism, and osteoarthritis. She
had multiple abdominal surgeries
for perforated colon, cholecystec-
tomy, and small bowel obstruction.
Her medications included warfarin,
metoprolol, flecainide, allopurinol,
and levothyroxine. She had no his-
tory of tobacco, alcohol, or drug
abuse. Her vital signs were stabilized
after the arrhythmia was controlled.
Physical examination did not reveal
any neurologic deficits. She had a
3/6 systolic murmur best heard at
the left mid sternal border. She had
normal bilateral breath sounds, no
lower extremity edema, and normal
peripheral pulses. Laboratory test-
ing identified the following values:
leukocytes, 12.2 K/mcL; hemoglo-
bin, 16.2 g/dL; platelets, 221 K/mcL;
glucose, 213 mg/dL; creatinine,
0.9 mg/dL; sodium, 138 mmol/L;
potassium, 4.3 mmol/L; magnesium,
1.5 mEq/L; calcium, 9.9 mg/dL;
phosphorous, 4.2 mg/dL; alanine
transaminase, 13 units/L; aspar-
tate transaminase, 35 units/L;
and thyroid-stimulating hormone,
1.47 mcIU/mL.

Flecainide was discontinued.
Treatment with lidocaine and
isoproterenol was continued for
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Figure 6. Electrocardiogram showing torsades de pointes.
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Figure 7. Electrocardiogram revealing post-electrical cardioversion of torsades de pointes.

24 hours. There was no recur-
rence of any symptoms or arrhyth-
mia. She was discharged home in
a stable condition 48 hours after
admission. Two weeks later she
presented to the outpatient clinic
for a follow-up and an ECG was
obtained, revealing a QT/QTc
interval of 410/439 ms (Figure 8).
She remained asymptomatic
without any episodes of syncope.
Genetic testing for congenital
channelopathies known to cause
QT prolongation was performed
and the results were negative.

Discussion

Torsades de Pointes

In 1966, Frangois Dessertenne
referred to a polymorphic VT as
TDP. QRS complexes with vari-
able peaks that appear to twist
around the isoelectric line charac-
terize this syndrome. Associated
with TDP, repolarization and QT
interval abnormalities can be either
acquired or congenital. The QT
interval is usually prolonged
beyond 500 ms. The sequence
of events usually starts with

Figure 8. Post-flecainide electrocardiogram.
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Flecainide-induced Torsades de Pointes continued

premature ventricular complex,
depolarizing during the termina-
tion of the QT wave, inducing short-
long RR cycles precipitating TDP.
Predisposing risk factors include
congenital channelopathies, severe
bradycardia, drugs, and hypokale-
mia. Studies suggest that electro-

(hERG), which codes for the a sub-
unit of the K™ channel.?

Drug Effects

Drug-induced TDP is of major
concern because it can be life
threatening, with an estimated
incidence of 1% to 8%. Class IA/III

Studies suggest that electrophysiologic predisposition to this
arrhythmia is due to early afterdepolarizations and transmural

reentry mechanisms.

physiologic predisposition to this
arrhythmia is due to early afterde-
polarizations (EADs) and transmu-
ral reentry mechanisms.'

Repolarization Disturbance

Cardiac myocytes are able to gen-
erate a unique action potential
plateau phase, permitting Ca**
entry into cells, a step required to
replenish sarcoplasmic reticulum
Ca** stores needed for effective
contraction. During this phase, the
delayed-rectifier K" current (I, and
I, ) is preparing to terminate depo-
larization. After an appropriate
delay, repolarization begins with
efflux of K" out of cells. Cardiac
disease and arrhythmias are well
known to alter ion channel func-
tion that may initially be adaptive.
For example, heart failure-induced
APD prolongation by reducing the
K" current improves contractility.
However, downregulation of the
K" current leads to delayed repo-
larization and prolongation of the
plateau phase, resulting in EADs.
EADs induced by derangements in
delayed-rectifier currents promote
formation of TDP. In addition, a
decreased repolarization reserve
exaggerates repolarization abnor-
malities by impairing the ability
of myocytes to compensate for the
loss of K* current. Several studies
have also linked AF to worsening
delayed-rectifier K* function and
decreased mRNA expression of
human ether-a-go-go-related gene

antiarrhythmic  agents, anti-
psychotics, antibiotics, and anti-
histamines are among the list of
drugs that are noted to destabilize
repolarization. Individual genetic
variation and drug metabolism

the His-Purkinje system are espe-
cially susceptible to the influence
of those drugs.!

What Do We Know About
Flecainide?

It is well known that class IA
(quinidine, procainamide, diso-
pyramide) and class III (amioda-
rone, sotalol) antiarrhythmics are
associated with a risk of develop-
ing QT prolongation. Historically,
class IC drugs have been identified
as weak K channel blockers, there-
fore weakly affecting phase 3 of the
action potential (Figure 9). In recent
years, more research has been con-
ducted toward understanding the
electrophysiologic properties of fle-

In recent years, more research has been conducted toward under-
standing the electrophysiologic properties of flecainide; in addition
to its sodium channel-blocking activity, it also inhibits the L-type
Ca’* current and transient outward K channel (1. ).

exaggerate susceptibility to adverse
reactions. Such drugs work at the
cellular level, specifically block-
ing I, and I, . These proarrhyth-
mic effects create a deficit in the
repolarization reserve and prolong
APD, resulting in EADs, which
promote a reentry circuit. This
phenomenon behaves similarly to
long QT syndrome. M cells and

cainide; in addition to its sodium
channel-blocking activity, it also
inhibits the L-type Ca*" current
and transient outward K channel
(I). Inhibitory actions on feline
and guinea pig ventricular delayed-
rectifier current preferentially I
have been described. Paul and col-
leagues® examined the effects of
flecainide on recombinant hERG

Figure 9. Action potential of class | antiar-
rhythmic agents. Reprinted with permis-

sion from pharmacorama.com. 1 2

AGAA

Phase 0: rapid entry of Na™
Phases 1 and 2: slow entry of Na™
and Ca?*
3 entry of CI™
exit of K*
4 Phase 3: exit of K*
Phase 4: return to the initial state
Na®, KT-ATPase

Cardiac action potential
and class | antiarrhythmic effects
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TABLE 1
Reported Cases of Flecainide-induced Torsades de Pointes \
QT

Case Reason for Associated Electrolyte Flecainide Interval,
Reports  Year Age Sex Admission Conditions Medications  Abnormalities Indications Dose, mg ms
WickersF 1988 68  Female Syncope ICD implantation  Nifedipine Hypokalemia  Atrial 200 QD 760
etal for bradycardia, (3.2 mEg/L) fibrillation

hypertension
Andrivet P 1990 79  Female Syncope, Ischemic Amiodarone,  Hypokalemia  Atrial 400 QD 520
et al* bradycardia cardiomyopathy  lisinopril, (3.4 mEqg/L) fibrillation

furosemide

Ohki P 2001 68 Male  Syncope, Pacemaker Digoxin, Hypokalemia  Atrial 200 QD 560
etal’ palpitations implantation furosemide, (3.2 mEg/L) fibrillation

for sick sinus spironolactone,

syndrome mosapride
Thevenin) 2003 68 Female Syncope Bradycardia Not mentioned No Atrial 200 QD 520
etal® abnormalities ~fibrillation
Nogales 2006 77  Female Syncope, Hypertension, Atenolol No Atrial 100 BID 600
Asensio JM bradycardia diabetes, acute abnormalities  fibrillation
etal’ kidney injury
Kim HS 2013 69  Female Syncope, Pacemaker Not mentioned No Atrial 200 QD 650
etal® bradycardia implantation abnormalities  fibrillation

for heart block, with inter-

enlarged left mittent 2:1

atrium block
Present 2013 74  Female Syncope Hypertension, Metoprolol, No Atrial 150 BID 600
case bradycardia lisinopril abnormalities  fibrillation

BID, twice daily; ICD, implantable cardioverter defibrillator; QD, daily.

channels eliminating contaminant
currents for better accuracy. It was
observed that this drug exhibits
inhibitory actions on I, with a half
maximal inhibitory concentration
(IC,,) of 391 wM. Quinidine and
propafenone are more potent K*
current inhibitors than flecainide.?
Inhibition of sodium channels
takes place at IC, of 1 to 2 uM.
That being said, flecainide prolongs
the APD in ventricular and atrial
myocytes. Because flecainide has
slow unbinding kinetics from Na
channels, it prolongs refractoriness
and slows intracardiac conduction.
This effect is less pronounced in the
AV node.

In a review of the literature, we
identified six cases of flecainide-
induced TDP (Table 1).*® Most of
the patients were women. They all
presented with syncope and had

AF as an indication for flecainide
therapy. Hypokalemia was present
in half the cases, whereas bradycar-
dia was identified in the majority of
patients. Two reports described QT
prolongation caused by interaction
of flecainide with other drugs (ami-
odarone, mosapride). Our patient
was a woman with paroxysmal AF.
Bradycardia was present without
hypokalemia. Her magnesium level
was at the low end of the normal
range. Test results were negative
for genetic mutations known to
cause long QT syndrome, indicat-
ing that this arrhythmia was a pure
adverse drug effect. Therefore, it
appears that women with bradycar-
dia are especially susceptible to this
arrhythmia, even in the absence
of other risk factors. However, the
proarrythmic effects of flecainide
are more likely to be observed in

synergy with other substrates that
promote QT prolongation.

Our case also demonstrates a
known proarrythmic effect of fle-
cainide and class IC agents when
not enough AV node blocking
effect is achieved; atrial arrhyth-
mias are slowed and potentiate
a 1:1 AV conduction. Flecainide
increases AV node conduction and
slows down atrial rate, creating a
1:1 atrial flutter that is usually at
a higher rate than 2:1 conduction.
Our patient is unique in that she
had two arrhythmias caused by
flecainide. One is a well-described
atrial flutter with 1:1 AV conduc-
tion and a wide QRS complex.
Another less common arrhyth-
mia is TDP. Both developed in the
absence of hypokalemia, with the
use of other drugs that prolong QT
interval, or genetic predisposition.
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Conclusions

Flecainide-induced TDP is a rare
entity. It is usually caused by the
inhibitory effects of flecainide on
the delayed-rectifier ~potassium
channels, prolonging the QT inter-
val. This arrhythmia is exacerbated
by the presence of other risk factors
that disturb repolarization, such as
hypokalemia and bradycardia.
Presence of potassium channelopa-
thies is not a prerequisite in this
case. This report illustrates a rare

but serious proarrhythmic prop-
erty of flecainide. ]

The authors report no real or apparent conflicts
of interest.
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pointes (TDP).

hypokalemia.

repolarization.

¢ QRS complexes with variable peaks that appear to twist around the isoelectric line characterize torsades de
e Predisposing risk factors for TDP include congenital channelopathies, severe bradycardia, drugs, and

e Drug-induced TDP is of major concern because it can be life threatening; class IA/Ill antiarrhythmic agents,
antipsychotics, antibiotics, and antihistamines are among the list of drugs that are noted to destabilize

e Flecainide-induced TDP is rare; it is usually caused by the inhibitory effects of flecainide on the delayed-rectifier
potassium channels, prolonging the QT interval, and is exacerbated by the presence of other risk factors that
disturb repolarization, such hypokalemia and bradycardia.
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