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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• Drugs that inhibit the human cardiac

delayed rectifier potassium current may lead
to prolongation of the cardiac QT interval
and are associated with a fatal, polymorphic,
ventricular tachycardia known as torsades
de pointes.

• Lamotrigine is indicated in the treatment of
epilepsy and the prevention of mood
episodes in patients with bipolar disorder.

• Lamotrigine inhibits the human cardiac
delayed rectifier potassium current in vitro,
and it has been hypothesized that QT
prolongation may contribute to the risk of
sudden unexpected death in epilepsy
patients.

WHAT THIS STUDY ADDS
• This is the first reported thorough QT/QTc

study with lamotrigine conducted to
International Conference on Harmonization
guidelines.

• The mean QTc interval was not prolonged
by lamotrigine in healthy subjects, as
assessed by the standard heart rate
correction methods (Fridericia’s and
Bazett’s).

• The in vitro inhibition of the delayed rectifier
potassium current does not translate into an
effect on QT in man.

AIM
To characterize the effects of lamotrigine on QT interval in healthy
subjects.

METHODS
Healthy subjects received a single oral dose of moxifloxacin (400 mg)
or placebo in crossover design, followed by a dose-escalating regimen
of lamotrigine (n = 76) over a 77-day period, or matched placebo
(n = 76). Blood samples were taken for determination of moxifloxacin
and lamotrigine concentrations and digital 12-lead ECGs were
recorded. The relationships between individual QT values and
respective individual moxifloxacin or lamotrigine concentrations were
explored using population pharmacokinetic–pharmacodynamic
(PK–PD) modelling.

RESULTS
Moxifloxacin was associated with a maximum mean increase from
baseline in QTcF of 14.81 ms [90% confidence interval (CI) 13.50, 16.11]
2.5 h after dosing. Steady-state exposure to lamotrigine (50, 150 or
200 mg b.d.) was not associated with an increase in QTc interval. Small
reductions in QTcF (maximum mean difference from placebo -7.48 ms,
90% CI -10.49, -4.46) and small increases in heart rate (maximum
mean difference from placebo 5.94 bpm, 90% CI 3.81, 8.06) were
observed with lamotrigine 200 mg b.d. vs. placebo. No effect of
lamotrigine on QRS duration or blood pressure was observed. No
outliers with QTcF > 450 ms, or with an increase from baseline of
>60 ms were observed in the lamotrigine group. PK–PD modelling
indicated statistically significant decreases in individually corrected QT
intervals for lamotrigine and statistically significant increases in
individually corrected QT intervals for moxifloxacin over the
concentration ranges studied.

CONCLUSIONS
Therapeutic doses of lamotrigine (50–200 mg b.d.) were not associated
with QT prolongation in healthy subjects.
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Introduction

Lamotrigine is indicated in the treatment of epilepsy and
the prevention of mood episodes in patients with bipolar
disorder. Lamotrigine appears to stabilize neuronal mem-
branes and thus block voltage-sensitive channels that
inhibit the release of the excitatory amino acid neurotrans-
mitters glutamate and aspartate. The effect of lamotrigine
on the human cardiac delayed rectifier potassium current
(IKr), which is involved in cardiac repolarization and coded
by the human ether-a-gogo-related gene (hERG) [1], has
been studied by Danielsson et al. [2]. Lamotrigine, in
common with phenytoin, inhibited the IKr; the concentra-
tion (unbound) of lamotrigine at which 50% inhibition
of the IKr was observed in vitro (IC50) was 229 mM or
58 645 ng ml-1 (compared with 240 mM or 65 832 ng ml-1

for phenytoin) [2, 3]. Drugs that inhibit the IKr may lead to
prolongation of the cardiac QT interval and be proarrhyth-
mic, as they are associated with a fatal, polymorphic, ven-
tricular tachycardia, known as torsades de pointes [4].

Therapeutic concentrations of lamotrigine in epilepsy
range from 10 to 60 mM (2561 to 15 366 ng ml-1) [5] and,
assuming 55% protein binding of lamotrigine (Lamictal
US Prescribing Information), unbound concentrations
equate to 4.5–27 mM (1152.5–6914.7 ng ml-1). The ratio of
the IC50 value in the hERG to unbound plasma lamot-
rigine concentration at the higher end of the therapeutic
range is approximately 8.5, giving a reasonable safety
margin. In vitro studies of lamotrigine have demonstrated
no evidence of prolongation of the cardiac action poten-
tial in dog Purkinje fibres. In fact, dose-dependent reduc-
tions in action potential duration, similar to those
produced by phenytoin, were observed [GlaxoSmithKline
(GSK) data on file]. There is also evidence that lamotrigine
causes small but consistent reductions in the rate of
spontaneous contraction of isolated cardiac tissue and
slows the rate of membrane depolarization of guinea pig
ventricular myocytes (GSK data on file). Intravenous bolus
doses of up to 10 and 20 mg kg-1 lamotrigine in rat and
cynomolgous monkey in vivo cardiovascular studies were
associated with small decreases in blood pressure and
heart rate, but did not identify QT prolongation (GSK data
on file).

People with epilepsy have a higher risk of sudden unex-
pected death (SUDEP), which can be 20–40 times more
prevalent compared with the healthy population [6–8].
Although the exact cause of death often remains unclear,
as SUDEP is usually unwitnessed, most deaths seem to be
seizure-related [9–11]. However, multiple factors including
cardiac arrhythmias may contribute to SUDEP [9]. QTc pro-
longation has been observed on simultaneously recorded
ECG during brief periods of epileptiform activity [12].Given
the effect of lamotrigine on the IKr, the question has been
raised as to whether lamotrigine could contribute to
SUDEP by prolonging the QT interval, leading to cardiac
arrhythmias [13].

A study of mortality in epilepsy, based on pooled data
from applications submitted to the US Food and Drug
Administration for four antiepileptic drugs approved
during the 1990s, suggests that the incidence of sudden
death falls in the range of 3.4–4.3 per 1000 person-years
[14]. The rate of SUDEP in patients exposed to lamotrigine
during clinical trials (3.5 per 1000 patient-years of expo-
sure) was found to be similar to the expected rate of SUDEP
in young adults with severe epilepsy [15] and similar (eight
per 1000 patient-years) to that observed with gabapentin
[16]. No conclusive data are reported in the literature to
suggest that any specific antiepileptic drug is more impli-
cated than others in sudden death. The available data
appear only to suggest rates similar to those recorded for
lamotrigine [12, 17, 18].

Although preclinical, clinical and post-marketing data
have not shown any evidence of an association between
exposure to lamotrigine and QT prolongation, given the
potential risk of SUDEP within the population generally
exposed to lamotrigine it was considered important
to characterize its effects on QTc in accordance with cur-
rent regulatory guidelines [International Conference on
Harmonization (ICH) E14 guideline [19]].

Methods

Subjects
The study population consisted of 152 healthy, nonsmok-
ing, male and female subjects aged 18–55 years, with a
body mass index in the range 18.5–29.9 kg m-2. Eligible
subjects had normal ECG, vital signs and laboratory tests,
had no clinically significant medical history and were
taking no medication that would interfere with the proce-
dures or compromise subject safety. All subjects provided
written informed consent prior to any study-specific pro-
cedures being undertaken.The study was approved by the
local ethics committee (Ravenscourt Ethics Committee,
London, UK) and the Medicines and Healthcare products
Regulatory Authority and was conducted in accordance
with Good Clinical Practice and the Declaration of Helsinki.

Study design
This was a single-centre, five-session, sequential-
treatment, parallel-group study. Following a screening
examination, eligible subjects first participated in a ran-
domized, two-period, single-blind, crossover comparison
of moxifloxacin and placebo during which they received a
single oral dose of moxifloxacin 400 mg (Avelox®; Bayer,
Leverkeusen, Germany) and a non-identical placebo (sup-
plied by GlaxoSmithKline) in random order with a 7-day
wash-out period between doses. Pharmacokinetic and
ECG profiling was performed over a 24-h period after each
dose of study medication, during which subjects were resi-
dent in the clinical pharmacology unit. Following a further
7-day wash-out period, the same subjects were random-
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ized (1 : 1) into the double-blind, parallel-group phase of
the study. Subjects randomized to group 1 received
increasing doses of lamotrigine (Lamictal®; GlaxoSmith-
Kline) from 25 mg day-1 to 200 mg b.d., from day 1 to day
77, followed by a brief down-titration period from day 78 to
day 85. Subjects randomized to group 2 received matched
placebo (also supplied by GlaxoSmithKline) on each corre-
sponding study day. Subjects were dosed largely on an
outpatient basis during this phase, but were resident from
before dosing until 12 h postdose on each dose escalation
day (days 15, 29, 43, 50) as well as on day 42 (50 mg b.d.)
and from predose on day 63 until 12 h postdose on day 77
(other doses). Because of the slow up-titration required to
achieve therapeutic plasma concentrations of lamotrigine,
the comparison of QTc on lamotrigine vs. placebo was
achieved using a parallel group design.The duration of the
study precluded a crossover design for these treatments.
Moxifloxacin was compared with placebo using a cross-
over design, because single doses could be used.

Electrocardiogram assessments and QTc
evaluation
A profile of 12-lead ECG recordings was collected using
digital format GE Marquette 12-Lead Digital Recorder
equipment (GE Marquette, Milwaukee, WI, USA) for 24 h
after dosing with moxifloxacin/placebo and for 12 h after
dosing with lamotrigine/placebo on day 42 (50 mg b.d.),
day 63 (150 mg b.d.) and day 77 (200 mg b.d.). ECG record-
ings were taken at three time points within 1 h before
dosing to form the baseline, then at 0.25, 0.5, 1, 1.5, 2, 2.5,
3, 4, 6, 8, 10 and 12 h postdose, plus at 24 h for the
moxifloxacin/placebo single doses. To account for intrinsic
variability, triplicate recordings were taken 1 min apart at
each of the assessment time points. All ECGs were
recorded after the subject had been resting in the supine
position for at least 15 min. On ECG assessment days,
dosing was conducted in the fasting state (at least 10 h)
and subjects continued fasting for 4 h after dosing. Food
and fluid intake were strictly controlled and hot and cold
drinks and food were avoided 30 min before each sched-
uled ECG recording.

The digital ECG recordings were transmitted electroni-
cally to a specified ECG core laboratory for computer-
based, manually verified, digital calliper measurement of
conduction intervals (RR, PR, QRS and QT) using the
tangent method [20, 21]. Where possible, measurement of
intervals for each session was performed on three con-
secutive ECG complexes from a single lead, preferably lead
II. Where possible, the same lead was used throughout the
study for a given subject. All ECGs for a given subject were
read by the same person.

Sample size considerations
With 50 evaluable subjects in each treatment group (lam-
otrigine and placebo) and a between-subject standard
deviation (SD) of 10 ms (from GlaxoSmithKline’s previous

experience), it was estimated that the half-width of the
90% confidence interval (CI) for the difference between
lamotrigine and placebo in mean QTcF at each time point
would have been approximately 3.3 ms. The moxifloxacin
comparison with placebo was a within-subject compari-
son. Based on a within-subject SD of 10 ms and 100 evalu-
able subjects, it was estimated that the half-width of the
90% CI for the difference between moxifloxacin and
placebo would have been approximately 2.4 ms.

Data analysis and statistical methods
Manually read QT interval values were corrected using
Fridericia’s and Bazett’s corrections to obtain QTcF and
QTcB. For each subject, at each time point, QTc interval
values were then calculated as the average of triplicate
measures. The primary end-point was prospectively
defined as QTcF, with QTcB being a secondary end-point.
Scatter plots of manually read, uncorrected QT, QTcF and
QTcB against RR were produced to check the efficiency of
each of the correction factors in correcting for heart rate.

QTcF and QTcB were analysed using repeat measures
analysis of covariance (ANCOVA) separately for day 42
(50 mg b.d.), day 63 (150 mg b.d.) and day 77 (200 mg b.d.).
The ANCOVA model included the covariates regimen,
time point and regimen ¥ time point as fixed effect
terms and pretreatment baseline, gender, pretreatment
baseline ¥ time and subject as random effect terms. Point
estimates and corresponding 90% CI were calculated for
the difference between each dose of lamotrigine and the
corresponding placebo at each time point. The same type
of analysis was used to determine the difference between
moxifloxacin and placebo taking into account the cross-
over design. All statistical analyses were performed using
SAS 8.2 software (SAS Institute, Cary, NC, USA).

Categorical analyses were performed to summarize the
number of subjects per regimen who had a maximum
increase from baseline in manually read QTcF of �30, >30
and >60 ms. This was undertaken using the average of the
replicate ECGs at each postdose time point. Individual sub-
jects who had a maximum QTcF value �450, >450 and
>500 ms were also summarized for each regimen.

Pharmacokinetic assessments
Pharmacokinetic samples were taken to quantify the
steady-state lamotrigine and single-dose moxifloxacin
concentrations during ECG assessments and to investigate
any relationship between concentration and QT for lamot-
rigine and moxifloxacin.

Blood samples (approximately 2 ml) were taken
predose and 0.25, 0.5, 1, 2, 3, 4, 6, 8, 10 and 12 h after dosing
with lamotrigine on day 42 (50 mg b.d.), day 63 (150 mg
b.d.) and day 77 (200 mg b.d.), and predose and 0.25, 0.5,
0.75, 1, 1.25, 1.5, 2, 3, 4, 6, 12 and 24 h postdose for moxi-
floxacin. Serum was obtained by centrifugation in a refrig-
erated centrifuge and frozen for storage. Samples were
analysed for moxifloxacin and lamotrigine concentrations
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using validated analytical methods based on protein
precipitation, followed by liquid chromatography with
tandem mass spectrometry analyses. The standard curve
concentration range for lamotrigine from a 50-ml aliquot of
human serum encompassed a lower limit of quantification
(LLQ) of 4 ng ml-1 and higher limit of quantification (HLQ)
of 4000 ng ml-1. The standard curve concentration range
for moxifloxacin from a 50-ml aliquot of human serum
encompassed an LLQ of 25 ng ml-1 and an HLQ of
5000 ng ml-1. For lamotrigine, the accuracy and intraday
precision were 0.9%, %bias < 6.2% and percent coefficient
of variation (CV) <5.7%. For moxifloxacin, the accuracy
and intraday precision were -4.6%, %bias < 1.9% and
%CV < 3.1%. Noncompartmental pharmacokinetic analy-
ses were used to derive pharmacokinetic parameters
including observed maximum plasma concentration (Cmax),
time to observed Cmax (tmax) and area under the plasma
concentration–time curve over a 24-h (AUC0–24) and a 12-h
(AUC0–12) dosing period, for moxifloxacin and lamotrigine,
respectively.

Pharmacokinetic/pharmacodynamic modelling
A population pharmacokinetic model was developed for
moxifloxacin and lamotrigine in order to predict the drug
concentration at the time of the QT measurements. Factors
influencing QT interval were explored, including the RR
interval and circadian rhythm of QT. The relationships
between individual QT values and their respective indi-
vidual predicted moxifloxacin or lamotrigine concentra-
tions were explored, taking into account the covariates
identified in the placebo analysis (shown below):

QT BL RR Slope Conc Slope
Conc Ci

a
lam lam mox

mox

= × ( ) × + × +(
× ) × +

1000 1
1 rrc( ) + ε

where QT is the QT interval, BL is the baseline QT, RR is the
RR interval, a is the power exponent on RR interval in
seconds, CIRC is a complex function that described the
systematic variation in QT interval within the study day for
an individual subject (i), and e is the residual error.

Safety assessments
All adverse events (AEs) were recorded from the first dose
of study medication until the follow-up visit.Vital signs and

clinical laboratory tests were monitored at intervals during
the study, and any clinically relevant abnormalities in these
measures were to be reported as AEs.

Results

Subject demographics and disposition
One hundred and fifty-two subjects were enrolled into the
study. Seventy-six subjects (33 female and 43 male) with a
mean age of 27.1 years were randomized to receive lam-
otrigine (group 1) and 76 subjects (22 female and 54 male)
with a mean age of 26.9 years were randomized to receive
placebo (group 2). Most subjects were of White/Caucasian/
European heritage (72% in group 1 and 76% in group 2).
No subject took concomitant medication that could have
confounded the interpretation of the pharmacokinetic or
ECG data.The mean baseline ECG interval data were similar
between the two groups.During the course of the study,26
subjects (34%) from group 1 and 19 subjects (25%) from
group 2 discontinued treatment. The primary reasons for
withdrawal were AEs and the subject’s decision (Table 1).

Descriptive and statistical analysis of QT interval data
was comprised of 149 subjects with data from at least one
session for moxifloxacin/placebo, 114 subjects for day 42
(50 mg lamotrigine), 109 subjects for day 63 (150 mg lam-
otrigine) and 106 subjects for day 77 (200 mg lamotrigine).

QT data
Scatter plots of QT vs. RR interval clearly demonstrated an
increase in QT with increasing RR interval, demonstrat-
ing the need to correct QT for heart rate (Figure 1a). A
scatter plot of QTcF vs. RR interval showed a random
scatter of data points, suggesting that Fridericia’s formula
adequately corrected the data for heart rate (Figure 1b). In
contrast, a scatter plot of QTcB vs. RR interval showed
slightly overcorrected QT values at lower RR intervals and
slightly undercorrected QT values at higher RR intervals,
indicating that Bazett’s formula did not adequately correct
for heart rate (Figure 1c).

Effect of moxifloxacin on QTc
Mean QTcF was significantly prolonged in subjects re-
ceiving moxifloxacin compared with placebo (Table 2,

Table 1
Subject disposition

Moxifloxacin single-dose Placebo single-dose Lamotrigine day 1–day 85 Placebo day 1–day 85

Number of subjects entered 143 147 62 70

Number of subjects completed 134 (94%) 137 (93%) 50 (81%) 57 (80%)

Number of subjects withdrawn 9 (6%) 10 (7%) 13 (21%) 13 (18%)

Reasons for withdrawal:
Adverse event 2 (1%) 1 (<1%) 7 (11%) 2 (3%)
Protocol violation 0 0 1 (2%) 2 (3%)
Subject’s decision 6 (4%) 9 (6%) 4 (6%) 7 (10%)
Other 1 (<1%) 0 1 (2%) 2 (3%)
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Figure 2). From 0.5 h onwards, the point estimate of the
difference from placebo in mean QTcF ranged from 6.00 to
14.81 ms. The largest difference in QTcF for moxifloxacin
compared with placebo was observed at 2.5 h postdose
(mean 14.81 ms, 90% CI 13.50, 16.11).

Effect of lamotrigine on QTc
No prolongation of QTcF interval at steady-state lamot-
rigine 50, 150 or 200 mg b.d. compared with placebo was
observed at any time point. Lamotrigine was, in fact, asso-
ciated with a small reduction in QTcF relative to placebo at

all doses and across all time points tested (Figure 2). The
largest mean decrease was -7.48 ms after the 200-mg b.d.
dose of lamotrigine (Table 2). Analysis of the QTcB interval
confirmed that of the QTcF.

Categorical analysis
No subject at any time in the study had a QTcF exceeding
500 ms (Table 3). One female subject had a QTcF of
454.1 ms following a single 400-mg dose of moxifloxacin
(representing an increase of +36 ms from her mean base-
line value of 417.8 ms), whereas no subjects had a QTcF
exceeding 450 ms in the lamotrigine group. Twenty-three
subjects had an increase from baseline in QTcF which
exceeded 30 ms following a single 400-mg dose of moxi-
floxacin (16%) compared with one subject on placebo
(<1%). During the dosing periods with lamotrigine or
placebo, only one or two subjects per dose group had an
increase in QTcF exceeding 30 ms (Table 3). No subject had
an increase from baseline of >60 ms.

QRS, heart rate and blood pressure
No trends in mean QRS duration were observed with any
treatment (Figure 3).

Lamotrigine treatment was associated with a small,
dose-related increase in heart rate compared with placebo
(Figure 4). The largest mean difference compared with
placebo was 5.94 bpm (90% CI 3.81, 8.46) observed with
the 200-mg b.d. lamotrigine dose. Plots of standing and
supine blood pressure vs. time for each treatment did not
reveal any consistent changes that would indicate a drug
effect.

Pharmacokinetics of lamotrigine
Steady-state was achieved following multiple daily doses
of 50, 150 and 200 mg b.d. lamotrigine on the days when
QTcF was determined, and the geometric means of the
AUC0–12 and Cmax values indicated an approximately dose-
proportional increase in the bioavailability of lamotrigine
over the dose range 50–200 mg b.d. (Table 4).

Relationship between QT interval and
moxifloxacin or lamotrigine concentrations
The population pharmacokinetic/pharmacodynamic
model showed that there was a statistically significant
decrease in individually corrected QT interval over the
range of serum concentrations of lamotrigine studied.
The slope predicted a reduction in QTc of 1.01 ms per
1000 ng ml-1 in men (Figure 5a) and of 1.05 ms per
1000 ng ml-1 in women.This corresponded to a decrease in
QT of approximately 14.9 ms at the upper end of the con-
centration range studied (0–14 200 ng ml-1). Over the con-
centration range of moxifloxacin studied (0–3842 ng ml-1),
the slope predicted a QTc prolongation of 6.1 ms per
1000 ng ml-1 in men (Figure 5b) and of 6.3 ms per
1000 ng ml-1 in women, corresponding to a 24.2-ms
increase in QTcF at the upper end of the moxifloxacin
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concentration range. For QTci values calculated by
NONMEM, the median RR exponent was similar to Frideri-
cia’s correction (0.255 vs. 0.33) and was associated with a
17% CV intersubject variability.

Safety and tolerability results
Lamotrigine was well tolerated in the healthy population
using this slow up-titration regimen. The most frequent
drug-related AEs (reported by >5% of subjects) were head-
ache, dizziness, nausea, abdominal pain, diarrhoea, insom-
nia and acne. The AEs reported by subjects receiving
lamotrigine were generally rated as mild or moderate in

intensity. The overall incidence of AEs was slightly higher
with lamotrigine at 200 mg b.d. than with the lower doses
or placebo.

Twelve subjects were withdrawn from the study
because of AEs: two subjects after single-dose moxifloxa-
cin (both with moderate events of rash), one after single-
dose placebo (arrhythmia of Mobitz Type I second degree,
atrioventricular block), two from the placebo repeat dosing
period [pulmonary tuberculosis (the only serious AE
reported during the study) and mild rash] and seven
during the lamotrigine dosing period. Of the seven with-
drawals during lamotrigine dosing, four were due to drug-
related AEs: two cases of rash, one subject with four AEs of
severe intensity (abdominal pain, collapse, dyspnoea and
sweating) occurring on day 77 of dosing with lamotrigine
200 mg b.d., and one case of a laboratory abnormality. A
male subject presented during lamotrigine treatment with
elevated levels of alanine aminotransferase and aspartate
aminotransferase to approximately four and three times,
respectively, the upper limit of the laboratory normal
range. Levels subsequently resolved and were not accom-
panied by rises in bilirubin or alkaline phosphatase. The
subject had preceding symptoms of a viral infection and
serological evidence suggested that Epstein–Barr virus
early antigen antibody (IgM) was weakly positive.

Discussion

From ICH-E14 guidance a negative ‘thorough QT/QTc
study’ would be achieved where the largest time-matched
mean difference between the drug and placebo for QTcF
was not greater than approximately 5 ms, with CI that
excluded an effect of �10 ms. In this study investigating

Table 2
Point estimates and 90% confidence intervals (CI) for the adjusted mean difference in QTcF (lamotrigine 200 mg b.d. vs. placebo and single dose of

moxifloxacin 400 mg vs.single-dose placebo)

Time point (h)

Lamotrigine 50 mg b.d. vs.
placebo (day 42) (ms)

Lamotrigine 100 mg b.d. vs.
placebo (day 63) (ms)

Lamotrigine 200 mg b.d. vs.
placebo (day 77) (ms)

Single-dose moxifloxacin 400 mg vs.
single-dose placebo (ms)

Point
estimate 90% CI

Point
estimate 90% CI

Point
estimate 90% CI

Point
estimate 90% CI

0.25 -5.86 -8.76, -2.96 -3.74 -6.47, -1.00 -7.48 -10.49, -4.46 0.45 -0.86, 1.75

0.5 -5.55 -8.44, -2.66 -4.26 -6.99, -1.52 -6.64 -9.65, -3.62 6.00 4.69, 7.31

1 -6.76 -9.66, -3.86 -3.79 -6.53, -1.06 -5.31 -8.33, -2.30 10.86 9.55, 12.17

1.5 -4.97 -7.86, -2.08 -3.11 -5.84, -0.37 -6.77 -9.79, -3.76 12.07 10.76, 13.37

2 -5.61 -8.50, -2.72 -3.31 -6.04, -0.57 -6.85 -9.87, -3.84 12.56 11.25, 13.87

2.5 -6.16 -9.06, -3.27 -2.63 -5.37, 0.10 -5.60 -8.62, -2.59 14.81 13.50, 16.11

3 -4.20 -7.10, -1.31 -2.65 -5.39, 0.08 -4.55 -7.56, -1.54 12.74 11.43, 14.04

4 -4.79 -7.68, -1.90 -4.41 -7.15, -1.68 -6.38 -9.39, -3.36 14.09 12.78, 15.40

6 -3.44 -6.33, -0.5 -0.73 -3.47, 2.01 -6.00 -9.01, -2.98 11.34 10.03, 12.65

8 -1.50 -4.39, 1.39 -0.45 -3.19, 2.29 -2.81 -5.82, 0.20 9.53 8.23, 10.84

10 -2.67 -5.56, 0.22 -2.54 -5.28, 0.19 -4.86 -7.88, -1.85 11.31 10.00, 12.62

12 -4.35 -7.24, -1.46 -3.50 -6.24, -0.77 -4.32 -7.34, -1.31 8.81 7.50, 10.12

24 – – – 7.07 5.77, 8.38
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therapeutic dose levels of lamotrigine, the mean QTc inter-
val was not prolonged using the standard heart rate cor-
rection methods (Fridericia’s or Bazett’s), since the upper
90% CIs of the estimated differences in adjusted means
between lamotrigine and placebo were all <10 ms. In fact,
lamotrigine was associated with small decreases, com-
pared with placebo, in mean QTcF at all doses. Although
lamotrigine appeared to cause small mean increases in
heart rate, this did not affect the analysis of QTcF, because
Fridericia’s formula corrected the QT interval adequately
for heart rate. Bazett’s formula did not adequately correct
for heart rate, so the results from this analysis are con-
founded and of lesser value. Because of the long duration
of the study, the withdrawal rate was relatively high.
However, sufficient subjects completed the study to
achieve the objectives. Although men and women were
not represented equally in the study population, the sta-
tistical analysis adjusted for gender.

No outliers were observed in the lamotrigine-treated
group in terms of subjects with QTcF > 450 ms or an
increase from baseline in QTcF > 60 ms. One or two sub-
jects had increases in QTcF from baseline between 30 and
60 ms, but the numbers on lamotrigine and placebo were
very similar. These findings provide evidence that lamot-
rigine at doses up to 200 mg b.d. is not associated with QT
prolongation.

A limitation of this study was that the highest approved
lamotrigine dose of 500 mg day-1 for monotherapy in
epilepsy, or supratherapeutic doses were not evaluated
because of tolerability concerns in healthy subjects.
However, lamotrigine in overdose does not seem to be
associated with QT prolongation [22–25]. There may also
be other factors that contribute to the development of
torsades de pointes in vivo, such as hypokalaemia, hypo-
magnesaemia and organic heart disease [26], which
cannot be mimicked in a healthy subject study.

Lamotrigine was associated with a small reduction in
QTcF, which is consistent with the effects of lamotrigine on

Table 3
Summary of categorical analysis of outliers (n %) as absolute values of QTcF and increase from baseline in QTcF on lamotrigine, moxifloxacin and their

respective placebos

n (%)
QTcF value (ms) Increase from baseline in QTcF (ms)
�450 >450 >500 �30 >30 >60

Moxifloxacin 400 mg single
dose

140 (>99) 1 (<1) 0 118 (84) 23 (16) 0

Placebo single dose 145 (100) 0 0 144 (>99) 1 (<1) 0

Lamotrigine 50 mg b.d. 54 (100) 0 0 53 (98) 1 (2) 0

Placebo 60 (100) 0 0 59 (98) 1 (2) 0

Lamotrigine 150 mg b.d. 51 (100) 0 0 49 (96) 2 (4) 0

Placebo 58 (100) 0 0 57 (98) 1 (2) 0

Lamotrigine 200 mg b.d. 49 (100) 0 0 48 (98) 1 (2) 0

Placebo 57 (100) 0 0 55 (96) 2 (4) 0
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Figure 3
Difference from placebo in adjusted mean QRS by time. Lamotrigine
50 mg bd vs. Placebo ( ), Lamotrigine 150 mg bd vs. Placebo ( ), Lam-
otrigine 200 mg bd vs. Placebo ( ), Moxifloxacin SD vs. Placebo SD ( )
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Difference from placebo in adjusted mean heart rate by time.Lamotrigine
50 mg bd vs. Placebo ( ), Lamotrigine 150 mg bd vs. Placebo ( ), Lamot-
rigine 200 mg bd vs. Placebo ( ), Moxifloxzcin SD vs. Placebo SD ( )

R. Dixon et al.

402 / 66:3 / Br J Clin Pharmacol



action potential duration previously observed in the
Purkinje fibre assay (data on file). In addition to its dose-
dependent reduction in action potential duration, lamot-
rigine also decreased the maximal rate of rise of the action

potential. This parameter is proportional to sodium con-
ductance and probably reflects the effects of lamotrigine
on neuronal sodium channels within cardiac fibres, as
slight sodium channel block tends to shorten action
potential duration before affecting the rate of rise [27].The
clinical consequences of QT shortening are unclear. Very
rare familial syndromes of short QT interval (QT typically
<300 ms), associated with mutations in genes encoding
three different cardiac potassium-ion channels, have been
described in the past few years [28].These syndromes may
be associated with sudden death and ventricular and atrial
fibrillation [29]. It is not known whether these syndromes
predispose individuals with genetically shorter QTc to be
vulnerable to the QTc shortening effects of lamotrigine.
However, QT shortening associated with lamotrigine was
of small magnitude and clinical experience (including a
large postmarketing database) has not identified this as a
significant clinical concern.

In accordance with ICH guidelines, moxifloxacin was
included in the study as a positive control, and administra-
tion of a single 400-mg dose resulted in a clinically signifi-
cant increase in QTcF.The highest mean difference in QTcF
between moxifloxacin 400 mg and placebo was 14.8 ms
(90% CI 13.5, 16.1), slightly greater than that reported in
the literature in similar studies with the same dose of moxi-
floxacin dose (8–11 ms) [30, 31].These findings confirm the
sensitivity of this study for testing the existence of any QT
effects of lamotrigine.

In conclusion, these data demonstrate that at doses
typically used in a clinical setting, lamotrigine did not
prolong the QTc interval in healthy subjects. Based on this
study, in addition to clinical and postmarketing experi-
ence, it is considered that there is no compelling evidence
of an association between development of QT interval pro-
longation and associated cardiac arrhythmias and lamot-
rigine treatment.

The authors thank Professor John Camm and John Finkle for
their advice; Lesley Clements and the staff of Richmond Phar-
macology for study conduct; Jackie Greene for preclinical
information; and Cardiabase for the manual ECG reading.

Table 4
Summary of pharmacokinetic parameters for lamotrigine and moxifloxacin

Treatment n
Geometric mean (% coefficient of variation) Median (range)
AUC0–12 (mg h-1 ml-1) Cmax (mg ml-1) tmax (h)

Lamotrigine 50 mg b.d. 54 25.7 (40.7) 2.59 (38.3) 1.12 (0, 4.12)

Lamotrigine 150 mg b.d. 52 69.6 (27.4) 7.22 (24.7) 1.08 (0.33, 3.08)

Lamotrigine 200 mg b.d. 51 93.0 (23.5) 9.61 (20.5) 1.58 (0.33, 4.08)

Moxifloxacin 400 mg 142 24 100* (18.5) 2280 (26.0) 1.60 (0.35, 6.10)

*AUC0–24 (ng h-1 ml-1).
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Figure 5
Scatter plot of circadian-corrected individual heart rate corrected QT
interval (QTci) vs. plasma concentration for lamotrigine (a) and moxifloxa-
cin (b) in male subjects. The solid lines represent the population medians
and the dashed lines the 5th and 95th percentiles of predicted QTci
vs. concentration relationship. Similar results were obtained in female
subjects
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