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Abstract
Background—The characteristic ECG pattern of ST-segment elevation in V1 and V2 in the
Brugada syndrome is dynamic; it is often intermittently present in affected individuals and can be
unmasked by sodium channel blockers, including antiarrhythmic drugs and tricyclic antidepressants.
We report here 2 patients who developed the Brugada ECG pattern after administration of lithium,
a commonly used drug not previously reported to block cardiac sodium channels.

Methods and Results—Lithium induced transient ST-segment elevation (type 1 Brugada pattern)
in right precordial leads at therapeutic concentrations in 2 patients with bipolar disorder. Lithium
withdrawal in the patients resulted in reversion to type 2 or 3 Brugada patterns or resolution of ST-
T abnormalities. In Chinese hamster ovary cells transfected with SCN5A, which encodes the cardiac
sodium channel, lithium chloride caused concentration-dependent block of peak INa at levels well
below the therapeutic range (IC50 of 6.8±0.4 μmol/L).

Conclusions—The widely used drug lithium is a potent blocker of cardiac sodium channels and
may unmask patients with the Brugada syndrome.
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The Brugada syndrome (BS) is a familial disease that displays an autosomal dominant mode
of transmission, with incomplete penetrance of the characteristic ECG phenotype and an
incidence ranging between 5 and 66 per 10 000.1,2 Sudden death in patients with BS is thought
to be caused by polymorphic ventricular tachycardia or fibrillation. Mutations in SCN5A, the
α-subunit of the cardiac sodium channel, account for ≈20% of cases.3

The ECG signature of the BS is dynamic and often concealed, but it can be unmasked by sodium
channel blockers such as flecainide, ajmaline, and procainamide.4 Other agents that have been
shown to unmask or accentuate ST-segment elevation in patients with BS include vagotonic
agents, α-adrenergic agonists, β-adrenergic blockers, first-generation antihistamines
(dimenhydrinate), cocaine toxicity, and tricyclic antidepressants.4–12 We report here 2 cases
of lithium-associated BS. Although this widely used drug has been available for decades for
the treatment of bipolar disorder13,14 and can compete with sodium for permeation through
sodium channels,15–17 it has not been studied as a blocker of the cardiac sodium channel.
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Methods
Patient Presentations

Patient 1—A 26-year-old man was referred after a routine ECG was noted to show ≥2-mm
J-wave amplitude, coved ST-T configuration with negative T wave in leads V1 to V3 (Figure
1, top), consistent with type 1 BS ECG pattern. The patient had a long history of bipolar disorder
that continued to worsen despite trials of bupropion, sertraline, and lamotrigine. Two months
before presentation, the patient was started on escalating doses of lithium. An ECG before
lithium initiation was normal (Figure 1, bottom). At the time of evaluation, he was on a
maintenance dose of 900 mg once per day, and the lithium level was 1.0 mEq/L, within the
therapeutic range of 0.8 to 1.2 mEq/L (800 to 1200 μmol/L). Although the patient denied a
recent history of syncope, he did describe “fading out” episodes that started as a teenager. A
witnessed account by his wife (a nurse) described episodes that typically occurred at rest; a
glazed look would come over the patient’s eyes, he would become unresponsive and then slide
to the ground. These episodes had never occurred with exercise or when standing. The patient
denied a preceding history of palpitations, lightheadedness, dizziness, or presyncope. His last
episode of syncope occurred 2 years before evaluation. The patient denied other cardiac
symptoms. There was a family history of hypertension and diabetes mellitus and sudden death
in a paternal cousin at age 6 months.

Lithium was stopped and the patient was started on clonazepam and lamotrigine 2 days after
the ECG shown in Figure 1 (top). Physical examination was unremarkable. An ECG performed
6 weeks later showed a type 2 (J-wave amplitude ≥2 mm, gradually descending ST-T segment
with biphasic or “saddleback” appearance) Brugada pattern (Figure 1, top). A cardiac MRI
showed normal left and right ventricular size and function and no evidence for arrhythmogenic
right ventricular dysplasia. At electrophysiology study, basal measurements of conduction
intervals were normal, and programmed ventricular stimulation with 3 premature extrastimuli
induced sustained ventricular fibrillation that required defibrillation (Figure 2, bottom). An
implantable cardioverter-defibrillator (ICD) was implanted. Molecular genetic analysis
revealed no mutations in SCN5A.

Although an ECG recording 1 month after ICD implantation continued to show repolarization
changes with a type 3 (ST segment of <1 mm of saddleback type, coved type, or both) Brugada
pattern, numerous ECGs over the 6-month follow-up period have revealed no ST-T
abnormalities. No ventricular arrhythmias have been recorded by the ICD to date. The patient
continues to take lamotrigine and clonazepam for the bipolar disorder.

Patient 2—A 65-year-old man with manic depression had been taking lithium (1200 mg once
per day) for almost 20 years when he developed paroxysmal atrial fibrillation associated with
sick sinus syndrome. The patient also gave a history of recurrent syncope. An ECG performed
after 1 syncopal episode showed a type 1 BS pattern associated with PR-interval prolongation
(Figure 3, top). There was a family history of sudden cardiac death, with a brother and twin
maternal uncles all dying suddenly at age 50 years. Physical examination was unremarkable.
An echocardiogram revealed only mild aortic stenosis (maximal gradient 34 mm Hg). At
electrophysiology study, the His to ventricle interval was prolonged (69 ms), and programmed
electrical stimulation from the right ventricular outflow tract induced only nonsustained
ventricular tachycardia. An ICD was implanted. Although the patient had been maintained on
the same dose of lithium for many years, 1 year after ICD implantation, the patient presented
with symptoms consistent with lithium toxicity. An ECG continued to show a type 1 BS ECG
pattern. However, when the dose of lithium was lowered (400 mg once per day), the ECG
normalized (Figure 3, bottom), which suggests that lithium was responsible for unmasking the
BS in this patient. Molecular genetic analysis in this patient has revealed no mutations in
SCN5A.
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Heterologous Expression of Human SCN5A Sodium Channels
The cardiac sodium channel was studied in Chinese hamster ovary cells by cotransfection of
2 μg of a plasmid encoding the α-subunit, pRcCMV-hSCN5A (SuperFect, Qiagen Inc), and 2
μg of a second bicistronic plasmid, pGFP-IRES-hβ1, encoding green fluorescent protein (GFP)
as a marker and the human β1-subunit.18 Forty-eight hours after transfection, cells expressing
GFP were selected for electrophysiology studies.

Electrophysiology and Solutions
SCN5A channel currents (INa) were recorded with whole-cell voltage clamp as described
previously.19 Glass microelectrode resistance ranged from 1.0 to 1.5 MΩ. Data acquisition
was performed with an Axopatch 200A patch-clamp amplifier and pCLAMP 7.0 software
(Axon Instruments Inc). Currents were filtered at 5 kHz (−3 dB, 4-pole Bessel filter) and
digitized with an analog-to-digital interface (Digidata 1200B, Axon Instruments). To minimize
the capacitive transients, 70% to 80% of the cell capacitance and series resistance were
compensated. Maximal INa was elicited with 50-ms repetitive pulses at a rate of 2 Hz (120
bpm) to −30 mV from a holding potential of −120 mV. The repetitive pulses were repeated at
a rate of 1 Hz (60 bpm) to assess whether lithium-induced block of INa was use-dependent.
The bath solution contained (in mmol/L) NaCl 130, KCl4, CaCl2 1.8, MgCl2 1, HEPES 10,
and glucose 10, pH 7.35 (adjusted with NaOH). The electrode-filling solution contained (in
mmol/L) KCL 140, MgCl2 1, MgATP 4, NaCl 5, EGTA 5, and HEPES 10, pH 7.4 (adjusted
with CsOH).18 A stock solution of 10 mmol/L LiCl (Sigma) was made to examine the effect
of LiCl on INa at different concentrations. Peak sodium current was ≈3 nA and could be
controlled in these cells (average size 20 to 40 pF; large microelectrodes [≈1 MΩ]).

Data Analysis
Peak INa was measured on pulsing from −120 to −30 mV. The concentration blocking half the
current (IC50) was determined by fitting mean data to the logistic equation y=1/(1 + {[C]/
IC50}h), where [C] is the LiCl concentration and h is the Hill coefficient. Results are presented
as mean±SE.

Results
Figure 4 (inset) shows representative INa traces recorded before and after acute exposure to a
range of concentrations of LiCl. The IC50 for INa block by LiCl was 6.8±0.4 μmol/L, with a
Hill coefficient of 0.86. Although maximal INa was reduced in a dose-dependent manner, gating
kinetics were not affected by lithium. Additional experiments showed no effect on steady state
inactivation. When pulsing at a rate of 1 Hz (60 bpm), 10 μmol/L lithium blocked peak INa by
50% to 60%, similar to that at 2 Hz. Thus, lithium-induced INa block does not appear to be use
dependent in this range.

Discussion
Previous case reports have documented that tricyclic antidepressants can unmask BS by sodium
channel blockade.7,10 However, despite its widespread use in psychiatric therapy, there are
no reports about the cardiac sodium channel–blocking properties of lithium and whether
lithium may unmask the BS. We report here 2 cases of lithium-associated BS and demonstrate
that lithium is a blocker of the cardiac sodium channel at concentrations below those achieved
in therapy.

The BS should be strongly considered in patients with type 1 ST-segment elevation (coved
type) in more than 1 right precordial lead (V1 to V3) in the presence or absence of a sodium
channel blocker, in association with 1 or more clinical symptoms that include syncope, a family
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history of sudden cardiac death (<45 years) or electrophysiological inducibility and no other
explanation for the ECG abnormality.2 In patient 1, the diagnostic type 1 Brugada ECG pattern
only became apparent after lithium treatment was begun; an ECG before initiation was normal.
In patient 2, a lower dose of lithium resulted in resolution of repolarization changes. Both of
these cases strongly support a causal relationship between lithium and unmasking of type 1
BS ECG pattern. It is possible, however, that repolarization abnormalities seen in patient 1
after withdrawal of lithium could have been related to lamotrigine therapy. There is one report
that suggests that lamotrigine affects the sodium channel.20 However, an ECG performed
while the patient was taking lamotrigine, before lithium initiation, failed to demonstrate
repolarization abnormalities. In addition, numerous ECGs after ICD implantation also have
not shown any ST-T abnormalities. Thus, persistence of type 2 and type 3 BS ECG patterns
after discontinuation of lithium in patient 1 is unlikely to be related to substitution of
lamotrigine. There are no reports of clonazepam exacerbating or unmasking BS at therapeutic
or toxic doses.

The Brugada ECG pattern has been attributed to differences in action potential duration and
configuration between the endocardium and epicardium, mainly in the right ventricle.3
Recently, it has also been shown that accentuation of the right ventricular epicardial notch may
be sufficient to explain development of the Brugada ECG.21 In theory, a reduction in INa or
L-type ICa or an increase in Ito (dominant at epicardium) would produce a striking abbreviation
of the epicardial action potential, which would lead to an epicardial-endocardial heterogeneity
of repolarization that would cause ST-segment elevation. To date, not only reductions in
sodium current caused by drugs or mutations in SCN5A but also electrolyte abnormalities and
trauma to the right ventricle have been reported to induce the syndrome.22

Patients with proven BS can have normal ECG recordings at other times.1 In these cases, the
abnormal ECG often can be reproduced by antiarrhythmic drugs, such as flecainide,
procainamide, or ajmaline, which block the sodium channel.4,5 Autonomic influence also is
important. β-Adrenergic blockade increases ST-segment elevation, whereas β-adrenergic
stimulation is expected to do the opposite.5 Enhanced ST-segment elevation has also been
observed after α-adrenergic and muscarinic stimulation.5

Lithium is a commonly used drug in the treatment of depressive and bipolar affective disorders.
13,14 Its cardiac side effects, ranging from benign to severe, have been described at both
therapeutic and toxic serum levels in adult patients.23 Asymptomatic ECG changes are
commonly seen and include nonspecific T-wave changes. Other conduction defects and rhythm
disturbances have also been reported, including sinus node dysfunction, atrial flutter,
atrioventricular block, right bundle-branch block, left anterior hemiblock, ventricular
tachycardia, ventricular fibrillation, and QT-interval prolongation.23,24 However, to the best
of our knowledge, we describe the first cases of BS that were clearly unmasked by lithium
therapy. Furthermore, in at least 1 of the patients in the present study, the augmentation or
production of type 1 Brugada ECG pattern occurred when the lithium level was within the
therapeutic range. It would follow logically that unmasking of the coved ST-segment elevation
in patients with BS may place this group of patients at increased risk for sudden cardiac death.
Indeed, the increased mortality rate in patients with bipolar disorders25 may be related in part
to the proarrhythmic effects of psychotropic drugs in patients with underlying cardiac disease.
26 Unmasking of BS by lithium may therefore be a potential, although rare, contributor to the
increased risk of sudden cardiac death in patients with bipolar disorder.

Although lithium has been used as a probe of cardiac sodium channel activity and is described
as a “partial congener of sodium,”15–17 there is a lack of specific information on cardiac
sodium channel–blocking properties of lithium. We show here that lithium not only blocks
peak INa in a dose-dependent manner but does so at concentrations well below therapeutic
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levels. The fact that repolarization and conduction defects are not seen more often in patients
taking lithium may relate to limitations in the applicability of cell-line experiments to the whole
organism. It is well known that ion-current reduction varies not only according to species,
cardiac cell type, and region but is also highly dependent on in vitro and in vivo conditions.
To date, a variety of cell lines are being broadly used to heterogeneously study ion channel
electrophysiology and pharmacology. These in vitro studies cannot hope to reproduce the exact
effects of drug block in the intact human heart. Furthermore, in vitro conditions are optimized
for a particular current to obtain reproducible and reliable data. Although the Chinese hamster
ovary cell line may not be the ideal expression system, it has been used extensively to study
cardiac ion channels and did provide evidence for lithium-induced INa blockade.

In conclusion, lithium, a commonly prescribed drug for bipolar disorder, can unmask latent
BS by blockade of the cardiac sodium channel.
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Figure 1.
Top, Twelve-lead surface ECG recorded 1 month after lithium therapy was started in patient
1 showing coved-type ST-segment elevation (type 1) in leads V1 to V3 typical of that described
for BS. Bottom, ECG taken before initiation of lithium in patient 1 showing no repolarization
abnormalities.
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Figure 2.
Top, Repeat ECG after withdrawal of lithium showed persistent ST elevation in precordial
leads but a “saddleback” (type 2) pattern in patient 1. Bottom, Programmed ventricular
stimulation with 3 premature extrastimuli induced sustained ventricular fibrillation requiring
defibrillation in patient 1.
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Figure 3.
Top, Twelve-lead surface ECG recorded from patient 2 during lithium therapy (1200 mg),
showing typical type 1 BS pattern with PR-interval prolongation. Bottom, ECG taken after the
dose of lithium was lowered (400 mg), showing resolution of ST-T abnormalities.
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Figure 4.
Inset shows representative INa traces recorded before and after acute exposure to different
concentrations of LiCl. In these experiments, maximal INa was elicited with 50-ms repetitive
pulses to −30 mV from a holding potential of −120 mV. An IC50 for INa block by LiCl was
generated: 6.8±0.4 μmol/L with a Hill coefficient of 0.86.
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