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Abstract
Background and objective-Lithium has
occasionally been reported to cause

symptomatic sinus node bradyarryhth-
mias. The prevalence and mechanism of
these arrhythmias during long-term
treatment are unknown. The aims of this
study were (a) to evaluate the systemic
effects of lithium treatment on cardiac
conduction in individuals who were free
from cardiovascular disorders; (b) to
assess the prevalence of lithium treat-
ment in a group of patients with pace-
makers; and (c) to evaluate the inter-
action between the parasympathetic limb
of the autonomous nervous system and
the sinus node cells during long-term
lithium treatment.
Patients and methods-45 patients who
had been treated with lithium for >12
months were investigated in a long-term
electrocardiography study. Only patients
without cardiovascular disease, or con-

comitant chronotropic medication, or

metabolic disorders known to cause

rhythm disturbances were included. An
age-stratified population was used as a

reference group. 21 patients also under-
went analysis of carotid sinus pressure
and sinus cycle length before and after
atropine to clarify whether neural
mechanisms were involved. The preva-
lence of lithium treated patients was

determined in 650 patients with pace-
makers.
Results-(a) Signs of moderate sinus

node dysfunction (sinus arrest >I5 s,
m mum heart rate <50 beats/min) were

found in 56% and 78% respectively in the
lithium-treated group compared with
30% and 30% respectively in the refer-
ence group (p < 0.01). Severe sinus node
dysfunction was equally common in both
groups. (b) The prevalence of chronic
lithium treatment in the pacemaker pop-
ulation was 0'46%. (c) Sinus cycle varia-
tions were abnormal in the basal state in
three (14%) patients and in 11 (52%)
patients after atropine despite signs of
intact and normal parasympathetic
innervation.
Conclusions-Depressed sinus node func-
tion was significantly more common in a

lithium-treated population than in an
age-stratified reference group. Clinically
significant dysfunction, however, was

uncommon. The effect of lithium on the
sinus node seemed to be intrinsic and
was not caused by increased para-

sympathetic tone.

(Br HeartJ 1993;70:371-375)

Lithium is commonly used to prevent and
treat major affective disorders. Symptomatic
sinus node dysfunction has been observed
during lithium treatment. In most cases this
adverse effect was reversible when lithium
medication was stopped but some patients
have required permanent pacing (table 1).1-15
Though there are numerous published case

Table 1 Review ofpublished case reports of bradycardia ascribed wholly or partially to lithium ingestion

First author Duration Latent
(year) MIF Age (yr) Li/s Arrhythmia Reversible SND EPS

Wellens (75)1 F 56 6 1-0 SB 45, SP 3 s* Yes No x 2
Eliasen (75)2 M 64 5 NA SB 20, SP 4 s* Yes No NA
Wilson (76)3 F 64 7 NA SB 35, SP 4-6 s Yes No x 2
LeHeuzey (76)4 M 66 5 1-40 SB 33,JB 34 No NA x I
Albrecht (77)5 F NA NA 0-92 SB 42 NA NA NA
Constans (78)6 F 75 14 1-5 SP > 3 s* Yes No x 1
Hagman (79)7 F 75 2 NA SB 35, SP 5 s, Yes Yes x I

JB, SVT, VT*
M 63 6 1-1 SB 20, SP 10 s* Yes No x 2

Bigger (79)8 NA NA NA NA SP* Partial Yes x 2
Rector (79)9 F 60 2 0-8 SB 33, SP NA NA x 1
Roose (79)10 F 53 3 month 07 SP 1-6 s,Jesc Yes No NA
Wong (81)"l M 57 4 1-46 TBS, SP 9 s* Yes AMI x I
Palileo (83)12 M 61 1 wk 0-7 SB* (after 1 yr) Yes Yes? x 3
Rodney (83)13 F 59 3 1-3 SP 2-9 s, JB 30 Partial Yes NA
Weintraub (83)14 M 60 5 1-2 SB 36* Yes NA NA
Montalescot (84)15 M 56 12 0-8 SB 25* Yes No x 2

AMI, acute myocardial infarction; EPS, electrophysiological study; JB, junctional bradycardia; Jesc, junctional escape rhythm;
NA, not available; SB, sinus bradycardia (beats/min); SP, sinus pause; SND, sinus node dysfunction; SVT, supraventricular
tachycardia; TBS, tachycardia bradycardia syndrome; VT, ventricular tachycardia. Lithium concentrations either in meq/l or
mmoL/l >1-5 is usually regarded as a toxic concentration.
*Symptom related to arrhythmias.
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reports, there are no data on the frequency
and severity of bradyarrhythmias in a lithium-
treated population. Because symptoms of
dizziness and syncope are difficult to evaluate
in patients with psychiatric illness they may
be overlooked and episodes of significant
bradycardia induced by lithium might be
underestimated. Conversely, there is no infor-
mation available on the prevalence of lithium
treatment in patients with a pacemaker. Nor
is it clear whether the lithium-induced
impairment of sinus node function is the
result of a direct effect on the sinus node or is
mediated by neural changes.
The aims of the present study were (a) to

evaluate the systemic effects of lithium
treatment on cardiac conduction in
individuals free from cardiovascular disor-
ders, (b) to assess the prevalence of lithium
treatment in large group of patients with
pacemakers; (c) to evaluate the interaction
between the parasympathetic limb of the
autonomous nervous system and the sinus
node cells during long-term lithium treat-
ment.

Patients and methods
PATIENTS
Fifty patients who had been treated with
lithium for at least 12 months were recruited
from two hospitals in the Stockholm County
area from a pool of 255 patients (mean age
53 years, 58% females) on long-term lithium
treatment. We excluded patients who were
treated with cardioactive or psychotropic
drugs with chronotropic effects. All of the
patients who were included were considered
to be in a stable psychiatric and metabolic
condition. None of the patients had had their
lithium dose changed in the four months pre-
ceding the trial. No patient had any clinical
signs of lithium intoxication at the time of the
study. None of the patients had any known
cardiovascular disease. All patients were in
sinus rhythm and their 12 lead electro-
cardiograms did not show any signs of
atrioventricular block or previous myocardial
infarction. Patients had 24 hour electro-
cardiographic monitoring performed as an
outpatient recording. Patients were asked to
keep a diary and note symptoms of dizziness
or syncope. Blood samples for analysis of
thyroid hormone, kidney function and
electrolytes were drawn when electrocardio-
grams were recorded. Serum lithium concen-
tration was also measured.

LONG-TERM ELECTROCARDIOGRAPHIC
RECORDINGS
Long-term ECG recordings were performed
as an ambulatory out-of-hospital procedure
and recorded on a Medilog two channel FM
tape recorder (Reynold Tracker, Oxford).
The recordings were analysed by a com-

puter-assisted system'6; all recordings were
checked manually, however. Only pauses
> 1-5 s were noted. Minimal heart rate was
calculated from two consecutive RR intervals
including the longest pause during day

(07 00-00 00) and night (00 00-07 00) as
described by Bjerregaard.'7

REFERENCE POPULATION
The population, (260 healthy individuals
aged 40-79) described by Bjerregaard 7, was
used to supply normal values in an age-strati-
fied population. The degree of sinus node
dysfunction was defined as follows: moderate
sinus bradycardia, <50 but >40 beats/min;
marked sinus bradycardia, <40 beats/min.
Sinus pauses were divided into three sub-
groups: >1500 ms, >1750 ms, and >2000
ms.

SINUS CYCLE VARIATION AND
PARASYMPATHETIC INFLUENCE
The function of the sinus node and its
parasympathetic innervation were evaluated
in a subset of the study group. The sinus
cycle variations were assessed during one
minute electrocardiographic recordings at a
paper speed of 50 mm/s. The patients were
requested to close their eyes and relax as
much as possible while breathing at a normal
rate and depth. The sinus cycle variations
were calculated according to previously
described methods.'819 The range of variation
was expressed as a percentage of mean sinus
cycle length, and the maximal difference
between any two consecutive sinus cycle
lengths (the maxdelta) was expressed in ms.
The observed values were compared with
age-stratified reference values from 75 healthy
subjects. 9

Carotid sinus pressure was then applied for
10 seconds twice on each side after carotid
bruits had been excluded by auscultation.
The maximal sinus cycle length during
carotid sinus pressure was measured and
compared with the mean of five sinus cycle
lengths measured immediately before carotid
sinus pressure at a paper speed 50 mm/s.
Atropine was then given as an intravenous
bolus injection of 0 04 mg per kg body weight
over 30 seconds. After three minutes a new
one minute recording for analysis of sinus
cycle variation was obtained and carotid sinus
pressure was then reapplied.

PACEMAKER POPULATION STUDY
We assessed the prevalence of patients on
continuous (>12 months) lithium treatment
by reviewing records from our pacemaker
population. During a five year period 650
patients from a catchment area of 650 000
inhabitants had a permanent pacemaker
implanted because of symptomatic brady-
arrhythmias.

STATISTICAL ANALYSIS
Data are given as mean (SD) unless stated
otherwise. The unpaired Students' t test was
used to determine differences between groups
and X2 analysis was used to test for differences
in proportions. A probability of <0 05 was
considered statistically significant.
The prospective part of this study was

approved by the local ethics committee and
patients gave their informed consent.
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Table 2 Clinical and biochemical characteristics of the 45 patients and the reference
population

Characteristic Value

Patients (45):
Females 62%
Age 50 4 (10)(34-72) yr
Duration of treatment 82 (60)(12-240) mnth
Thyroxine substitution 16%
Lithium concentration 0-66 (0-1)(0-4-09) mmol/l
Potassium 4-4 (0-3)(3-9-5-1) mmol/l
Creatinine 84 (17)(58-141) umovl
Normal serum calcium 100%
Normal thyroid stimulating hormone concentration 96%

Reference population'7 (260):
Mean age 54-3 (40-79) years
Females 35%

Reference values:
Lithium 0-5-1-3 mmol/l
Creatinine < 115 pmol/l
Potassium 3-4-5-2 mmoVl

Results
PATIENT POPULATION
Table 2 shows the clinical characteristics of
the patients. All the patients had therapeutic
or sub-therapeutic lithium concentrations in
serum. Two patients with subtherapeutic
lithium concentrations (0-3 and 0 4 mmol/l,
therapeutic range 0-5-13 mmol/l) were
included because the suboptimal serum con-
centrations had a good clinical effect. One
patient with a slightly raised concentration of
thyroid stimulating hormone was included
because this spontaneously became normal
four weeks later. One patient had signs of a
moderate kidney dysfunction. All patients
had normal serum potassium concentrations.

LONG-TERM ECG
Five patients were excluded from analysis
because of unsatisfactory electrocardiographic
recording quality. Thus 45 patients were
included for final evaluation. Table 3 shows
the prevalence of sinus node dysfunction as
recorded on a long-term electrocardiogram in
the lithium treated population. During the
night the lowest heart rate was 33 beats/min
and during the day it was 37 beats/min. The
maximum sinus pause was 1-7 s during the
day and 2 1 s during the night. In 33 patients
(73%) the lowest heart rate occurred during
day time whereas in nine patients it occurred
during the night. In three patients there was
no difference between day and night. No
symptoms related to bradycardia were noted
during the recording period. The mean age
for the nine patients with heart rates below 40
beats/min or sinus pauses >1-5 s was 52-3
years; this was not significantly different from

Table 3 Results from long-term ECG monitoring ofpatients compared with the reference
group

Present study (n = 45) Bjerregaard (n = 260)"1
n (%/6) n (%) p

Bradycardia:
HR < 50 beats/mmn 34 (78) 77 (29 6) <0 05
HR < 40 beats/min 5 (11) 24 (9-2) NS

Pauses:
1-5 s 25 (56) 77 (30) <0-01
1-75 s 3 (6 6) 12 (4 6) NS

>20 s 1 (2-2) 2 (0 7) NS

the rest of thfe study population.

SINUS CYCLE VARIATION AND
PARASYMPATHETIC INTERACTION
Twenty one patients were studied (15 women
and six men mean age of 46 years (34-61)).
Their mean basic heart rate was 68 beats/min
(50-96). All patients had a normal 12 lead
electrocardiogram. The sinus cycle variations
in the basal state were within reference limits
in 18 patients (86%), two had an increased
maxdelta (>3 SD in one, and >6 SD in the
other), and the remaining patient had both
increased variation range and maxdelta,
which is highly suggestive of sinus node dys-
function.19

Carotid sinus pressure (n = 20) induced a
mean maximal increase of 19% in the sinus
cycle length (SD 12%; 5-51%). The maxi-
mum increase in any one patient was 394 ms;
however, no sinus cycle length exceeded
1-3 s. Atropine induced a mean increase in
heart rate of 30 beats/min (to a mean heart
rate of 98 beats/min) corresponding to an
increase of +45% (SD 9 beats/min; 15-53
beats/min). Carotid sinus pressure induced a
mean increase of 2-8% after atropine, indicat-
ing almost complete vagolysis. In conjunction
with this observation maxdeltas were
decreased in all patients. However, the varia-
tion range was reduced to the expected
degree in only 10 of the patients, while the
remaining 11 showed a greater variation
range after atropine than was expected.

PREVALENCE OF LITHIUM TREATMENT IN
PATIENTS 'WITH PACEMAKERS
Three patients on long-term lithium treat-
ment, a prevalence of 0-46%, were found in
our pacemaker population, corresponding to
an annual incidence of 0 05%. These were
two women and one man aged 56, 64, and 72
years respectively. All patients had been
treated with lithium for between 10 and 30
years. They all had therapeutic serum con-
centrations of lithium when cardiac symp-
toms were present. In all patients, signs of
sinus node disease with heart rates of 28-45
beats/min and pauses of between 2-5 and
3-8 s were registered. In one patient an elec-
trophysiological study was performed after
lithium had been discontinued: it showed
signs of persistent impairment of sinus node
function. All three patients were given
permanent pacemakers and became free of
symptoms.

Discussion
The results from the present study indicate
that depressed sinus node function was signif-
icantly more common in a lithium-treated
population than in an age-stratified reference
group. Clinically significant dysfunction,
however, seems to be uncommon because we
found a prevalence of only 0-46% of lithium
treatment in a pacemaker population. Finally
the effect of lithium on the sinus node seems
to be intrinsic and not the result of increased
parasympathetic tone.
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PREVIOUS REPORTS AND CLINICAL
IMPLICATIONS
Despite numerous case reports describing
patients with sinus node dysfunction caused
by lithium treatment (table 1) few studies
have tried to estimate the prevalence of
lithium-induced sinus node dysfunction.

Tilkian et al20 studied 12 patients by 12
lead electrocardiography, an exercise test, and
24 h electrocardiographic recording before
and 6-14 days after the start of lithium
therapy. Though they observed slight
chronotropic incompetence on exercise dur-
ing lithium treatment they did not find any
signs of sinus node dysfunction during 24 h
ECG monitoring. It could be that the
patients were studied too soon after the start
of lithium treatment. In most of the case
reports describing sinus node dysfunction
during lithium treatment the patients had
been treated for much longer. We only stud-
ied patients who had taken lithium for at least
12 months.
Hagman et al7 used 12 lead electrocardiog-

raphy and carotid message to study 97 con-
secutive patients on long-term lithium
treatment. Prolonged asystole (>3 s) owing
to sinus node dysfunction or high grade
atrioventricular block was seen during
carotid massage in three symptom free
patients, and was considered to be caused by
lithium treatment. Whether asystole of >3 s
during carotid massage in otherwise symptom
free individuals indicates the presence of a
conduction system disorder is controversial.
Berglund et al reported on nine healthy indi-
viduals, three of whom had asystole of more
than 3 s during carotid pressure.21 These sub-
jects had completely normal Holter record-
ings and remained symptom free over a three
year follow up. Bucht et al prospectively stud-
ied, with 12 lead electrocardiogram, 53
patients before and 4-12 months after the
start of lithium treatment.22 Except for a sig-
nificant decrease in resting heart rate during
lithium treatment no signs of sinus node dys-
function were reported. The low sensitivity of
the 12 lead electrocardiogram in detecting
sinus node dysfunction might explain these
results.
Though we found that in a lithium treated

population sinus node dysfunction was about
twice as common as expected we did not
detect an increased prevalence of clinically
significant dysfunction. Thus, severe sinus
node disease in association with lithium treat-
ment is probably uncommon: this is reflected
by the low prevalence (<0 5%) of lithium
treated patients in the pacemaker population.
The hypothesis that symptomatic sinus node
dysfumction could be underestimated among
lithium-treated patients is therefore unlikely.
It seems reasonable to postulate that the
effect of lithium on the sinus node might only
become clinically important in patients with
latent sinus node dysfunction. We reviewed
published reports on lithium-induced sinus
node dysfunction in patients not taking con-
comitant chronotropic medication and with-
out lithium intoxication (table 1). We found

16 case reports and most of the patients
showed complete or partial regression of the
conduction disorder after lithium treatment
stopped. Latent sinus node disease was sus-
pected or confirmed in only three cases. It
thus seems that lithium is able to induce clini-
cally significant but reversible dysfunction in
individuals with an otherwise normal sinus
node.
None the less a pre-existing or latent sinus

node disturbance may predispose to clinically
important sinus node disease if lithium treat-
ment is started. This suggestion is supported
by the fact that patients who had sinus node
dysfunction during lithium treatment includ-
ing our own three patients were significantly
older (63 (7) years) than our reference study
population. This age group is also more typi-
cal of patients with clinical signs of sinus
node disease.23

MECHANISM
The mechanism by which lithium depresses
sinus node function is not fully understood.
Animal experiments indicate that lithium
depresses the intracellular potassium concen-
tration. In addition lithium replaces intracel-
lular calcium.24 These disturbances seem to
induce various electrophysiological changes
including a decrease of the depolarisation rate
and reduced electrical impulse propagation.25

In our study carotid sinus pressure showed
the sinus node depolarisation rate, but not to
the extent where it became abnormal. This
implies intact innervation and absence of
carotid sinus hypersensitivity. Absence of
such hypersensitivity is contrary to the sug-
gestion of Hagman et al.7 The relative
response to atropine resembled the 46%
increase observed by Alboni et al 26 though
their 20 healthy subjects had a slightly higher
basic heart rate (76 v 68 beats/min), and
reached a higher rate after atropine (111 v 98
beats/min). These results are also consistent
with intact and normal parasympathetic
innervation. Furthermore, they are consistent
with the experimental data showing depolari-
sation at an increased time constant. It has
also been suggested that lithium might
decreast the sensitivity of the sinus node to
sympathetic stimulation.27 Because the func-
tional state after atropine reflects an unop-
posed sympathetic influence, the observed
"normal" response to this drug in our study
implies that the f, receptor sensitivity was
unimpaired in our patients. The fact that
episodes of bradycardia were more common
during daytime-that is, they had non-circa-
dian pattern despite an intact parasympa-
thetic system-adds additional support to
findings from animal data suggesting that
lithium acts on the sinus node itself and not
its nerve supply.8 Our data suggest that long-
term lithium treatment changes the ionic
milieu within the spontaneously depolarising
sinus node cells even at therapeutic concen-
trations. It is not known whether or not a
single ionic current is responsible for the
depolarisation of the sinus node cells. Inter-
action between lithium and several currents

374



Lithium-induced sinus node dysfunction

such as IK, ICa, the Na/Ca exchange current,
and a N/K pump current might lead to the
observed results.28

LIMITATIONS OF THE STUDY
The reference group used in this study was
not individually matched to the study group.
Instead we used an age stratified reference
population from another hospital.17 The pro-
portion of females was higher in the study
group than in the reference population.
Though these groups were not strictly com-
parable, we do not consider that this signifi-
cantly influenced our results. The study
population was screened for absence of
cardiovascular disorders and was not taking
cardioactive drugs. The present results should
be applied only to patients meeting these
criteria.

This study was supported by the Research Funds of the
Karolinska Institute and the Swedish Heart and Lung
Foundation.
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