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Introduction

The most common cardiac arrhythmia encountered in
clinical practice is atrial fibrillation (AFib). AFib has significant
effects on long-term mortality and stroke, and contributes
greatly to overall healthcare costs, affects quality of life and
the functional status of many patients [1]. The incidence
and prevalence of AFib continues to rise with age, when co-
morbidities that affect rhythm management frequently co-
exist [1].

Due to improved quality of life, rhythm control is a
common treatment strategy [2,3]. This is accomplished with
the use of antiarrhythmic agents across the Singh-Vaughn-
Williams classification [4]. In patients with structurally normal
hearts, Class IC agents such as flecainide and propafenone are
commonly prescribed for maintenance of sinus rhythm as the
first line therapy [5]. Despite their prevalent use, the relative
toxicities of these agents are infrequent, and therefore seldom
emphasized in the most recent guidelines and reviews [4]. The
lack of survival benefit from rhythm management strategy
utilizing antiarrhythmic drugs have been suggested to be
due to adverse effects from these agents [6]. The mechanism
of action is on the cellular action potential and can be pro-
arrhythmic due to the lack of specificity on the atrial tissue. It
is critical that clinicians be able to recognize the causes, signs
and symptoms of toxicity from these antiarrhythmic agents.

We present two cases of drug toxicities in different clinical
settings, the pathophysiology, and the overall management
approach.

Case1

A 75-year-old female with a history of paroxysmal AFib,
heart failure with preserved ejection fraction, idiopathic
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pulmonary fibrosis, and hypertension is admitted with fevers,
chills, productive cough, worsening dyspnea, anorexia,
lightheadedness, nausea and vomiting.

Approximately one year prior, the patient had recurrent
bouts of debilitating palpitations. A 24hour continuous Holter
monitor confirmed the diagnosis of paroxysmal AFib. A
transthoracic echocardiogram showed a structurally normal
heart, and a pharmacologic stress test did not demonstrate
reversible ischemia. Shortly thereafter the patient was started
on flecainide 50mg orally twice a day and metoprolol succinate
25mg orally once a day; this intervention lessened the frequency
of her symptoms. One month later, her flecainide was titrated
up to 100mg orally twice a day resulting in complete abatement
of her palpitations with follow-up electrocardiograms
demonstrating stable QRS intervals (Figure 1).

On this admission, the patient’s vitals were notable
for an elevated temperature of 39 degrees Celsius, blood
pressure of 145/56 mm Hg, heart rate of 98 beats per minute
and a peripheral oxygen saturation of 98% on supplemental
oxygen (60% FiO2). She was in mild respiratory distress,
tachypneic, and diaphoretic. Her respiratory exam was notable
for inspiratory rales and expiratory rhonchi bilaterally. The
remainder of her physical exam was unremarkable. Laboratory
data was notable for a leukocytosis of 18.4 L/mm3 (ref 4.5-11 K/
mm?3) with left shift and bandemia (95% neutrophils, and 20%
bands), serum potassium of 4.9 mEq/L (ref 3.5-5.0 mEq/L)
and serum creatinine of 3.4 mg/dL (ref 0.4-1.3 mg/dL). A chest
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Figure 1: Baseline electrocardiogram in patient after starting flecainide

demonstrating normal QRS interval.
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x-ray noted a dense consolidation in the right lower lobe of
the lungs and diffuse mild-moderate vascular congestion. The
patient’s clinical symptoms, physical examination, laboratory
data, and imaging were consistent with community-acquired
pneumonia with moderate acute renal insufficiency and mild
decompensated diastolic heart failure. The patient was started
on antibiotic therapy with ceftriaxone and azithromycin.

Electrocardiograms obtained during this admission showed
a significant prolongation in her QRS and QTc intervals (Figure
2) and also non-sustained runs of wide-complex tachycardia
concerning for ventricular tachyarrhythmias (Figure 3).
Flecainide toxicity precipitated by acute renal insufficiency in
the setting of an acute pneumonia was suspected. Flecainide was
promptly discontinued but this measure alone was insufficient
in improving her clinical picture. Therefore the patient was also
administered 2 ampules (50 mEq each) of sodium bicarbonate
over the course of 5 minutes. Shortly thereafter, the degree
of ventricular ectopy subsided and her rhythm stabilized. We
suspected a mild degree of decompensated heart failure with
preserved ejection fraction in the setting of acute pneumonia
and thus we elected not to place the patient on a sodium
bicarbonate or hypertonic saline infusion. Rather, the patient
was closely monitored in our intensive care unit and received
4 additional ampules of sodium bicarbonate by the following
morning for increased ventricular ectopy. Within 24 hours, the
patient began showing signs of clinical improvement. She was
not requiring any further bicarbonate therapy, and both her
renal function and electrocardiographic intervals improved
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Figure 2: Electrocardiogram obtained at admission for community-acquired

pneumonia showed an alarming prolongation in patient's QRS and QTc intervals.
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Figure 3: Non-sustained runs of wide-complex tachycardia concerning for

ventricular tachyarrhythmias seen in a patient admitted for community-acquired
pneumonia.

(Figure 4). She completed treatment for her community-
acquired pneumonia and eventually had resolution of her renal
failure. Given her propensity for renal insufficiency and pre-
existing parenchymal lung disease, a rhythm control strategy
for this patient was abandoned and rate control alone was
sought.

Case 2

A 73-year-old male noted sudden onset of palpitations
and dizziness. One year prior, similar symptoms led to the
diagnosis of paroxysmal atrial flutter. Maintenance of sinus
rhythm was achieved with propafenone 150mg orally three
times daily. His baseline electrocardiogram (Figure 5), was
notable for sinus rhythm with first-degree atrioventricular,
right bundle branch block, and left anterior fascicular block.
The current onset of palpitations and dizziness raised concerns
for recurrent atrial flutter. The patient self-administered a
loading dose of propafenone (600mg) to restore sinus rhythm.
Shortly thereafter, he developed worsening nausea and
dizziness, prompting him to seek evaluation in the emergency
department.

On initial assessment, the patient complained of severe
nausea and dizziness but denied chest pain or palpitations.
Vital signs were notable for elevated blood pressure of 147/106
mm Hg and a heart rate of 102 beats per minute. The patient
appeared unwell and was mildly diaphoretic. The remainder of
his physical exam was unrevealing. Laboratory data included
a normal complete blood count, serum potassium level of 4.8

Figure 4: Electrocardiogram after administration of sodium bicarbonate for

ventricular ectopy showing improvement in QRS and QTc intervals.
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Figure 5: Baseline electrocardiogram in patient on propafenone that is notable for
sinus rhythm with first-degree atrioventricular, right bundle branch, and left anterior
fascicular block.
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mEq/L (3.3-5.0 mEq/L), serum magnesium level of 2.2 mg/
dL (1.5-2.6 mg/dL), and mildly elevated serum blood urea
nitrogen of 27 mg/dL (8-22 mg/dL) and serum creatinine of
1.4 mg/dL (0.44-1.27 mg/dL). His hepatic transaminases,
bilirubin, and alkaline phosphatase were within normal limits.
The admission electrocardiogram (Figure 6), was notable for
a regular, wide complex tachycardia with right bundle branch
and left anterior fascicular block.

Given the temporal relation with medication ingestion and
the onset of gastrointestinal symptoms and electrocardiographic
findings, propafenone toxicity was suspected and thus
discontinued accordingly. Given the patient’s persistent
symptoms and electrocardiographic changes, 1ampule (50 mEq)
of sodium bicarbonate was administered. An electrocardiogram
obtained within 5 minutes afterwards demonstrated a dramatic
narrowing of the QRS complex and emergence of atrial flutter
with variable block as the underlying rhythm (Figure 7).
Patient was maintained on a sodium bicarbonate continuous
intravenous infusion overnight. The following morning the
symptoms of nausea and dizziness had completely abated
and the sodium bicarbonate infusion was discontinued; QRS
duration remained at his baseline with an underlying rhythm
of atrial flutter. The patient was ultimately transitioned to
amiodarone prior to discharge, with plans for outpatient
cardioversion and restoration of normal sinus rhythm.
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Figure 6: Admission electrocardiogram in patient presenting for nausea and
dizziness after administration of loading dose of propafenone. ECG is notable

for a regular, wide complex tachycardia with right bundle branch and left anterior
fascicular block.
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Figure 7: Electrocardiogram obtained 5 minutes after administration of sodium

bicarbonate demonstrated dramatic narrowing of the QRS complex and emergence
of atrial flutter with variable block.

Discussion

Antiarrhythmic agents are commonly used to help maintain
sinus rhythm. We present two cases where knowledge of
a drug’s pharmacology and side effect profile allowed for
prompt diagnosis and treatment. Class IC anti-arrhythmic
agents, consisting primarily of flecainide and propafenone,
interfere with cardiac myocyte sodium channels and are often
referred to as “membrane stabilizing agents.” They function
by decreasing the excitogenicity of the plasma membrane. The
efficacy of Class IC agents has been well documented in the
medical literature leading to widespread use for both acute
termination and chronic suppression of supraventricular
arrhythmias in patients with structurally normal hearts [7-9].

Despite their proven efficacy, both agents are associated
with infrequent but notable adverse events, particularly if
their clearance is decreased (Table 1). Flecainide is hepatically
metabolized, but has 30% renal clearance, and has been linked
to heart failure exacerbations, acute rise in pacing thresholds,
pro-arrhythmias, and conduction abnormalities [10]. Due
to these associations, flecainide should not be initiated
in any patient with known or suspected cardiomyopathy
and withdrawn in patients who develop a cardiomyopathy
during its use [11]. In patients with pre-existing pacemakers,
thresholds should be interrogated after initiation of flecainide
and appropriate adjustments made [12]. Perhaps the most
worrisome adverse property of flecainide is its ability to
induce ventricular tachyarrhythmias in the setting of QRS
prolongation [13]. In fact, widening of the QRS by more than
50% with exercise predicts the risk of ventricular arrhythmias
[14]. If a ventricular tachyarrhythmia is precipitated, flecainide
should be discontinued indefinitely. In the first case, the patient
developed acute renal failure in the setting of pneumonia. This
likely contributed to the pro-arrhythmic effect with ventricular
tachycardia due to flecainide toxicity.

Our second patient self-administered propafenone for
acute conversion, which has been termed “pill in the pocket
approach.” The ability of these agents to acutely abort a
paroxysm of AFib is also well documented in the literature.
Boriani et al. conducted a multi-center, randomized controlled
study comparing the efficacy of oral propafenone versus
placebo for conversion to sinus rhythm. Eight hours after drug
administration, 76% of patients treated with propafenone had
successfully converted to sinus rhythm, compared to 37% of

Table 1:

I

Usual Dose 50-100 mg bid 150-300 mg tid
Maximum Dose 300 mg/day 900 mg/day
Metabolism Hepatic Hepatic
Clearance Renal Hepatic
Digoxin No Yes
Warfarin No Yes
Amiodarone Yes Yes
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patients in the placebo group [15]. Alboni et al., studied the
efficacy and safety of this approach using either propafenone
or flecainide. Limited to patients with either mild heart disease
or no heart disease, the study found the “pill-in-the-pocket”
approach to be effective in terminating 94% of arrhythmic
episodes [16].

Our patient was noted to have wide QRS with bundle
branch block, atrial flutter and faster ventricular rate. Class 1
Agents have a small risk of converting atrial fibrillation into
atrial flutter in an estimated 5% of the cases due to slower
atrial cycle length. This enables 1:1 conduction at the level
of AV node, therefore these drugs are administered along
with atrioventricular nodal inhibitors such as beta blockers,
calcium channel blockers or digoxin. Conduction abnormalities
generally consist of widening of the QRS to frank bundle branch
development or to high degree AV block due to sodium channel
blocking effect and slowing of conduction in His Purkinje
system.

Propafenone is cleared primarily by hepatic metabolism
via the cytochrome P450 2D6 complex and also through the
1A2 and 3A4 complexes. There are two genetically determined
forms of metabolism, fast and slow. Metabolism of the drug
yields a half-life of 7 hours in the “fast” metabolizers and
as long as 17 hours in the slow metabolizers. However, in
patients that are “normal” metabolizers of propafenone,
the elimination half-life is approximately 5-8 hours [17].
Propafenone also has non-linear pharmacokinetics: increasing
the dose from 300mg to 9oomg results in a 10-fold increase in
serum concentrations [18,19] (Table 1). Similar to flecainide,
the greatest concern with propafenone is its ability to promote
ventricular tachyarrhythmias in relation to its ability to
prolong the QRS interval [15]. Even with normal therapeutic
concentrations, propafenone can induce a 15-25% widening
of the QRS [18]. While there are no specific guidelines, most
authors suggest decreasing the dose or discontinuing the agent
if the QRS prolongs by greater than 50% at rest or with exercise.
Gastrointestinal and neurological symptoms, such as nausea,
vomiting, lightheadedness and dizziness as noted in our
second patient, are among the most frequently reported self-
limiting side effects associated with propafenone use occurring
in up to 10% of patients even in patients with therapeutic
concentrations. All of these reported toxicities and adverse
events are rare with both these agents and occur infrequently
in patients with normal clearance of the drug. However, care
must be taken to withdraw them in patients with worsening
clearance and avoid excessive ingestion.

Awareness and recognition are perhaps the two
most important aspects of managing toxicities of any
pharmacologic agent. The case presentations and discussion
in this review emphasize the importance of understanding
the pharmacokinetic profiles and metabolism of Class IC anti-
arrhythmic drugs (Table 1). Toxicity of these drugs is suspected
when there is at least a 50% increase in the QRS duration,
and/or 30% and 15% increases in the PR and QTc intervals,
respectively [20,21]. When toxicity is suspected, the first goal
of care is supportive treatment. Gastric decontamination can
theoretically be attempted but may be of limited utility if the

ingestion is not acute. In addition to standard resuscitation
measures, sodium bicarbonate is widely accepted as the first
agent used to counter the effects of all Class IC agents. Sodium
bicarbonate overcomes the potent sodium-channel blockade
produced by class IC antiarrhythmics; sodium bicarbonate
competitively displaces propafenone and flecainide from its
binding site on cardiac myocyte sodium channels and the
alkalization of serum pH inhibits further binding of these
agents [22]. In its most concentrated form (ampules), sodium
bicarbonate can be given in bolus form at the bedside 50 mEqs
at a time. With this strategy the displacement of Class IC agents
from the sodium channel will only last momentarily as the
elevated concentrations of the Class IC drug will once again
overwhelm the sodium channel receptors. In patients who
show transient clinical improvement with sodium bicarbonate
boluses and have no clinical evidence of heart failure,
continuous (3%) sodium bicarbonate or (3%) hypertonic saline
infusions have been suggested. This will provide persistently
elevated sodium concentrations to allow longer displacement
of the drug from the sodium channel receptors. The infusions
are continued until enough time has lapsed for the drug to be
metabolized or cleared.

Both flecainide and propafenone are lipophilic and have
large volumes of distribution; hence, there is theoretically a
minimal role for hemodialysis in the setting of acute ingestion.
This was confirmed in a few isolated case reports [23-25]. Where
neither hemodialysis nor hemofiltration resulted in improved
clearance of the agent. Owing to their lipophilic properties
and large volume of distribution, the use of intravenous fat
emulsion therapy has been successfully used in the cases of
both flecainide and propafenone toxicity [26-29]. Intravenous
fat emulsion therapy is hypothesized to function as a lipid
sink, recruiting and then sequestering lipophilic medications
from the receptor sites were the toxicity is mediated. Current
recommendations for administration of a bolus consisting of
1.5 mL/kg of 20% intravenous fat emulsion over 2-3 minutes,
followed by a continuous infusion of 0.25 mL/kg/min for one
hour [30]. Finally, in patients with refractory toxicity the use of
extracorporeal life support has been reported in isolated cases
of flecainide toxicity, but is almost always used as last resort
strategy [31,32].

Conclusion

Class IC agents (flecainide and propafenone) are effective
anti-arrhythmic agents for the treatment of atrial and
ventricular tachyarrhythmias in patients without structural
heart disease. They are generally very well tolerated but their
toxicities are noteworthy, and physicians need to be aware of
the precipitating factors and management strategies.
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