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ABSTRACT
Lithium carbonate (lithium) has

been used extensively for the
treatment of a variety of psychiatric
conditions. It requires close
monitoring of serum concentration
due to its narrow therapeutic
window. Cardiac toxicity range from
asymptomatic electrocardiographic
changes to fatal arrhythmias may
occur even at the therapeutic levels.
We report a case of psychiatric
inpatient who developed
asymptomatic severe bradycardia
most likely related to sinus node
dysfunction due to acute lithium
treatment at therapeutic level. After
withdrawal of lithium, a time
sequential improvement of severe
bradycardia examined by repeated
electrocardiogram, including Holter
monitoring, suggested a relationship
between the lithium toxicity and
sinus node dysfunction. Other factors
such as baseline sinus bradycardia
and lower limit of normal thyroid
function might be associated with
severe bradycardia. This case
emphasizes the need, when
prescribing lithium, for clinicians to
regularly monitor their patients’
electrocardiogram and serum lithium
levels to prevent serious or fatal
complications, such as cardiac arrest.

INTRODUCTION
Lithium, a small monovalent cation,

is used as an antimanic and mood-
stabilizing drug combined with
antipsychotics in the psychiatry
clinical setting. Although evidence for
both the safety and the efficacy of
lithium has been established, serum
lithium concentration is easy to
exceed therapeutic levels because of
its narrow therapeutic range, which
may lead to serious physical
complications.1

Lithium salts are highly water-
soluble and are well absorbed by
gastrointestinal tract. Complete
absorption occurs in about eight
hours, with peak concentration
occurring 2 to 4 hours after an oral
dose. Lithium is initially distributed in
the extracellular fluid and then
accumulates gradually in various
tissues. Approximately 95 percent of
a single dose is eliminated in the
urine; with repeated administration,
the excretion increases until a steady
state is reached after 5 to 7 days.2

Cardiac disorders, including
myocarditis, ventricular arrhythmias,
and sinus-node dysfunction, are
among several adverse effects of
lithium, and are important clinical
considerations.3,4 There are various
mechanisms by which lithium is
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C A S E  R E P O R T

Sinus Node Dysfunction
After Acute Lithium
Treatment at Therapeutic
Levels
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postulated to cause these conduction
abnormalities. Lithium’s interference
with other cations’ exchange across
cardiac cell membranes (e.g., K+,
Na+, and Ca++) causes decreases in
the spontaneous depolarization of the
sinus node, the velocity in the
atrioventricular and intraventricular
conduction, and the adrenergic
response.5,6

Sinus node dysfunction caused by
lithium treatment is usually observed
in the setting of long-term use or
toxic levels and is exceedingly rare in
short-term treatment within
therapeutic levels.7–9 We present a
case of asymptomatic lithium-induced
severe bradycardia at therapeutic
level after one-week introduction.

CASE PRESENTATION
A 36-year-old Japanese female

patient with a 12-year history of
schizophrenia presented to our
hospital with exacerbation of
psychiatric symptoms. After admitting
her to the hospital, we decided to
continue her current regimen of
olanzapine (20mg/day) and
paliperidone (9mg/day) for delusions
and auditory hallucinations and
eszopiclone (2mg/day) for sleeping
disturbances but added lithium
carbonate (400mg/day) for irritation.

One week later, we noted the
patient to have asymptomatic
bradysphygmia (30–33 beats per
minute [bpm]) with normal blood
pressure of 91/56mmHg, as measured
by the nursing staff. We then
performed an electrocardiogram
(ECG), which was suggestive of sinus
bradycardia with a partial fusion
idioventricular escape rhythm of 30
bpm (Figure 1a). There were no
abnormalities in her physical findings,
chest X-ray, and echocardiogram at
this time. The hematological, renal
and liver function tests, and serum
electrolytes were also normal except
for a lower limit of normal index in
the thyroid function test (thyroid
stimulating hormone, 4.50μU/mL; free
triiodothyronine, 2.2pg/mL; free
thyroxine 0.8ng/dL). Her serum
lithium concentration (0.61mEq/L)
was within therapeutic range. She had

no history of syncope attack or heart
disease, but had been diagnosed with
bradycardia 13 years previously. A
month earlier, prior to administration
of litium, an ECG showed regular
sinus bradycardia with heart rate of
45bpm (Figure 1b). Based on both
records of ECG, we determined that
the lithium carbonate aggravated the
patient’s sinus node function and
further decreased her heart rate.
Therefore, we discontinued the
lithium carbonate. The follow-up 12-
lead ECG examination two days later
revealed an improvement of sinus
node function with regular sinus
rhythm (39bpm) (Figure 1c) (53bpm
25 days later [Figure 1d]). To rule out
idiopathic sick sinus syndrome (SSS)
and to investigate the relationship
between lithium carbonate and sinus
node function, a 24-hour Holter ECG
monitoring was performed 12 days
and 30 days later. Results showed
sinus rhythm throughout without fatal
arrhythmia and just sustained
bradycardia in the middle of the
night—heart rate total: 69,971 to
81,294 per day, with a variability of
32–75bpm to 34–115 bpm, which
suggests the sequential improvement
of cardiac conduction system on the
cessation of lithium therapy. Thirty-
six days later, the patient was
discharged from the hospital on

olanzapine, paliperidone, and
eszopiclone, and continued outpatient
treatment with our department of
psychiatry.

DISCUSSION
The pathophysiological findings in

the present case can be summarized
as follows: 1) before the lithium
treatment was added, sinus
bradycardia had been observed by
routine ECG monitoring; 2) after one
week introduction of lithium, sinus
node dysfunction was detected; 3)
serum lithium concentration was
within therapeutic range; 4) the
cessation of lithium treatment led to
an improvement of sinus node
dysfunction; and 5) the findings of
repeated standard 12-lead and Holter
ECG studies suggested a gradual
elimination of lithium from the
myocardium.

Cardiac effects attributed to
lithium toxicity occur in 20 to 30
percent of patients. Asymptomatic
ECG changes are the most common
and include T wave changes (e.g.,
flattening, isoelectricity, or
inversion).8 Infrequently, clinically
evident cardiac manifestations occur
that may require temporal pacemaker
implantation (including sinus node
dysfunction); rarely, more fatal
manifestiations may occur, such as

FIGURES 1A–D. Figure 1a: Electrocardiogram (ECG) showing severe sinus bradycardia (30
beat/min) with fusion idioventricular escape rhythm (oblique arrow); Figure 1b: ECG showing
regular sinus bradycardia at a rate of 45 beat/min; Figure 1c: ECG showing regular sinus
bradycardia at a rate of 39 beat/min; Figure 1d: ECG showing regular sinus rhythm at a rate of
53 beat/min.
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prolonged QT interval, ventricular
tachycardia, and ventricular
fibrillation.9

The fact that not all patients
receiving lithium develop sinus node
dysfunction suggests that there may
be other factors accentuating
conduction defects, including the
following: Fluctuation in serum
lithium levels;3 intrinsic
parasympathetic and sympathetic
tone;12 age-related interstitial fibrosis
and decrease in sinus rate;13 variations
in cardiac sodium channel
expression;14 underlying pre-existing
cardiac disease;4 and medications that
affect renal funtion, such as
nonsteroidal anti-inflammatory drugs
(NSAIDs), angiotensin converting
enzyme inhibitors (ACE-I), or
receptor blockers (ARB).15

In the present case, lithium
treatment exacerbated sinus node
dysfunction, and discontinuation of
lithium carbonate resulted in the
recovery from severe bradycardia that
was observed in the daytime. The
results of repeated ECG monitoring
confirmed the relationship between
the lithium toxicity and sinus node
dysfunction.

CONCLUSION
Our case strongly suggests that

sinus node dysfunction of lithium can
occur even with lithium levels in the
therapeutic range and in short-term
“acute” treatment. Therefore, patients
receiving lithium therapy should have
their pulse monitored regulatory for
any rhythm abnormalities, and lithium
should be discontinued if rhythm
disturbances occur during treatment.
Further, when prescribing lithium,
clinicians should regularly monitor
their patients’ ECG and serum lithium
levels to prevent serious or fatal
complications.
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