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Introduction

ABSTRACT

Context: Lamotrigine is a broad-spectrum anticonvulsant commonly used to treat seizure and bipolar
mood disorders. Evidence from case series and retrospective studies indicate that lamotrigine overdose
is usually benign. However, there are reported cases of cardiac arrest and mortality following lamotri-
gine overdose. We undertook a systematic review of the literature on lamotrigine overdoses to better
understand the clinical severity, the relevance of serum concentrations, and therapeutic interventions
for overdose.

Objectives: To characterize manifestations of acute lamotrigine overdose, determine if serum concen-
trations predict poisoning severity, and evaluate the effectiveness of overdose management
interventions.

Methods: We performed a literature search across eight databases, including Medline, EMBASE, and
the Cochrane Library, from database inception to April 2014. Major bibliographic databases were
updated on 31 May 2017. Articles were eligible if they described acute or acute on chronic lamotrigine
overdose. At least one serum lamotrigine concentration had to be reported for inclusion. Reports on
chronic poisoning, studies describing adverse effects of therapeutic use, and animal studies were
excluded.

Results: We retrieved 6238 records; 48 (51 cases) met the inclusion criteria. Cases primarily involved
adults (70.6%). Potentially life-threatening symptoms of overdose included seizures (55%), Glasgow
Coma Scale <8 (20%), hypotension (12%), and wide complex tachycardia (WCT) and cardiac arrest
(6%). Among the 25 cases exposed to lamotrigine alone (13 adult; 12 pediatric), 2 adult fatalities
occurred (4g and 7.5g ingested) and 8 pediatric cases experienced seizures (all children <3.5-years-
old, 75% without an underlying seizure disorder,>525mg ingested). The lowest seizure-associated
serum concentration was 3.8mg/L and 25.6 mg/L for pediatric and adult patients, respectively, suggest-
ing children may be more susceptible to CNS toxicity. Cardiovascular toxicities occurred primarily in
adult patients (threshold >25mg/L). Overdose interventions included benzodiazepines (53%), propofol
or barbiturates (14%), NaHCOs; (20%), lipid therapy (12%), and extracorporeal elimination (10%).
NaHCO; yielded no response in four of nine cases with conduction delays; however, two of the four
cases subsequently responded with lipid therapy.

Conclusions: Most cases reporting lamotrigine exposures observed mild or no toxicity; however, large
exposures were associated with severe CNS depression, seizures, cardiac conduction delays, wide com-
plex tachycardia, and death. In adults with a serum concentration >25mg/L, severe toxicity may occur.
In patients <3.5 years of age, ingestions of >525mg may produce severe CNS depression and
seizures.
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after therapeutic doses. The volume of distribution is

Lamotrigine is a phenyltriazine-class, broad-spectrum antiepi-
leptic. It was first used clinically in Europe in 1990 [1].
Lamotrigine blocks voltage-gated sodium channels. This
mechanism of action suppresses depolarization in regions
with excessive electrical discharge (epileptic foci). It also
decreases the release of excitatory neurotransmitters, such as
glutamate and aspartate by blocking calcium channels [2].
Lamotrigine has excellent oral bioavailability (approximately
98%), and the peak serum concentration occurs within 3h

1.1L/kg, and at therapeutic concentrations, only 55% of
lamotrigine is bound to plasma proteins. When lamotrigine is
conjugated with glucuronic acid, it forms inactive metabolites
that are excreted in the urine. The plasma half-life in healthy
volunteers not taking other medications is approximately
33h, with considerable inter-individual variation (range
22-36 h) [1]. The therapeutic concentration range for patients
with epilepsy varies between studies; however, a trough
range of 1-4mg/L is recommended [3,4]. In a small
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prospective study (N=50), 32 patients (64%) were seizure
free and had no adverse effects at serum concentrations of
1.4-18.7mg/L. Only three patients had concentrations
>10mg/L [5]. A larger retrospective study (N=811) found
that adverse effects were rare at concentrations <10mg/L
and recommended a therapeutic concentration range of
1.5-10 mg/L [6].

Lamotrigine has approved uses for the treatment of vari-
ous seizure disorders and acute treatment and maintenance
therapy of bipolar depression [7,8]. Off-label uses include
treatment of various neuropathic pain conditions and
migraine prophylaxis [9-11]. The use of lamotrigine for the
treatment of psychiatric disorders has increased dramatically
over the years. For example, a Norwegian study of antiepilep-
tic drug prescriptions found a rapid increase in lamotrigine
use for psychiatric indications from roughly less than 0.02 to
1 defined daily doses/1000 inhabitants per day from 2004 to
2007 [12].

Given the expanding number of indications for lamotri-
gine, the likelihood of intentional and unintentional expo-
sures could also increase. Several case reports and two
retrospective case series have reported on lamotrigine over-
dose previously [13,14]. Evidence from these early publica-
tions suggested that lamotrigine overdose is usually benign.
However, seizures, cardiac arrest, and mortality following
lamotrigine overdose have also been reported. Given this
conflicting information, we performed a systematic review of
the lamotrigine overdose literature. The aim of this study was
to characterize manifestations of acute lamotrigine overdose,
determine if serum concentrations are predictive of poison-
ing severity, and describe the effectiveness of therapeutic
interventions used to manage an overdose.

Materials and methods

This systematic review investigated the literature reporting
on cases of acute and acute on chronic lamotrigine overdose
in human. The study protocol was constructed in advance
and registered with PROSPERO International prospective
register of systematic reviews (http://www.crd.york.ac.uk/
PROSPERO/index.asp; registration number: CRD42014014059).

The following definitions were used for this review. We
defined “acute exposure” as an intentional or unintentional
acute ingestion of lamotrigine occurring within a 24-h period
in a patient who had not been exposed to lamotrigine previ-
ously. We defined “acute on chronic exposure” as an inten-
tional or unintentional acute ingestion of lamotrigine
occurring within a 24-h period in a patient who had been
exposed to lamotrigine previously (e.g., prescribed for a seizure
disorder). We defined “chronic exposure” as exposure to lamo-
trigine due to therapeutic use or ingestion of supra-therapeutic
doses for longer than 24 h. We defined an “adult” as a person
18 years of age or older and pediatric as a person younger than
18 years of age. We defined a serum lamotrigine concentration
of 10 mg/L or higher as a supra-therapeutic concentration [6].
We defined “peak concentration” as the highest concentration
reported in a given case which may not represent the actual
peak concentration.

Eligibility criteria

We included all cases of acute and acute on chronic lamotri-
gine exposure in both adult and pediatric patients that
reported at least one serum lamotrigine concentration to
confirm exposure. We excluded cases of chronic exposure
and reports of adverse effects due to therapeutic use.
Articles not written in French or English were also excluded.
While we defined 10mg/L as the supra-therapeutic serum
concentration threshold, we did not exclude cases based on
serum concentrations as it was not possible to determine
exactly when the blood samples were drawn (e.g., the serum
concentration was at a therapeutic range because it was col-
lected late in the course of the overdose).

When a report did not clearly meet the inclusion or exclu-
sion criteria, data extractors [M. F. and B. A.] took the follow-
ing actions to reach a consensus. We attempted to contact
the authors for additional information. For cases where a
consensus between the data extractors could not be reached,
the final decision was left to the reviewer [M. L.].

Outcome measures

The primary outcome measure was the clinical manifestations
of acute or acute on chronic lamotrigine overdose.
Secondary outcomes included the relationship between the
highest reported serum lamotrigine concentration for each
case and poisoning severity as well as therapeutic overdose
interventions and their effectiveness.

Search strategy

With librarian assistance, a comprehensive search strategy
was developed. We searched the following databases for
relevant articles: Medline via OvidSP, EMBASE via OvidSP, the
Cochrane Library via Wiley, PsycINFO via OvidSP, Biosis
Previews via OvidSP, CINAHL via EBSCOhost, Scopus, and
Web of Science. The period included in the search was from
the respective inception dates of the databases through 24
April 2014. To update the results, searches were run again 31
May 2017 in Medline, Embase, the Cochrane Library,
PsycINFO, and Biosis. In addition, we manually checked
abstracts from two conferences: the North American
Congress of Clinical Toxicology and the International
Congress of the European Association of Poison Centers and
Clinical Toxicologists from 1994 to 31 May 2017. The referen-
ces from selected articles were reviewed manually for rele-
vant papers. Two reviewers who were blinded to authors and
journal names independently selected studies based on eligi-
bility criteria. Any disagreements were discussed between
reviewers until a consensus was reached. Then, the reviewers
independently extracted relevant data using the same prede-
signed data extraction form. Extracted data included the year
of publication, journal and author names, indication for lamo-
trigine, dose ingested, time of ingestion, serum drug concen-
tration, presence of co-ingestants, vital signs, clinical
manifestations, treatment provided, intensive care admission,
duration of hospitalization, and complications.
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# Of records identified through database
searching = 6198+ 40 identitied through
Hand-searching = 6238

l

# Of records after duplicates removal= 4270

|

# of records screened = 4270
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# Of records excluded = 4187

# Of full-text articles assessed for eligibility = 83

# Of included articles= 48

Figure 1. Flow diagram of the different phases of the literature review.

Results

The literature search identified 6198 records; 5280 in the ori-
ginal search and an additional 918 in the final update con-
ducted on 31 May 2017. Hand-searching conference
abstracts identified 21 records in the original search and an
additional 19 with the final update. Duplicate records were
removed leaving in total 4270 records that were screened
and of those, 48 reports (51 cases) met our inclusion crite-
ria. Of those, 17 records (18 cases) were conference
abstracts [15-31], and 31 records (33 cases) were published
case reports [32-61]. Figure 1 shows a flow diagram of the
literature search at different phases during the review
process.

We identified 51 cases of acute lamotrigine overdose
with a documented serum concentration. Among the cases,
28 (55%) involved female patients and 21 (41%) involved
male patients. The gender was not specified in two cases.
The patients’ ages ranged from 12 days to 71 years. Most
patients had been prescribed lamotrigine for the treatment
of psychiatric (N=16; 31%) or seizure disorders (N=15;
29%). Eleven patients had not been prescribed lamotrigine
and ingested it either accidentally, intentionally as part of a
suicide attempt, or in one case, an act of child abuse. The
circumstances for lamotrigine exposures were not provided
in nine cases.

Clinical features of lamotrigine overdose

Clinical manifestations of lamotrigine overdose are summar-
ized in Table 1 and most commonly involved the central ner-
vous system (CNS) and cardiovascular system.

# Of full-text articles excluded= 35

e No serum concentration= 15

e Abstract of a case already included= 7

e No overdose= 5 (PK changes due to drug-
drug interaction or pregnancy, toxicity due to
co-ingestion [venlafaxine])

e Chronic ingestion= 4

e Forensic cases with very limited reporting=2

e Other language= 2

Table 1. Clinical manifestations.

Clinical manifestation N (%)
42 (82%)/10 (20%)

28 (55%)/10(20%)

Altered consciousness/GCS <8
Seizure/Status epilepticus

Agitation 22 (43%)
Tachycardia 17 (33%)
Ataxia 16 (31%)
QRS >100 11 (21%)
Nystagmus 10 (20%)
Hyperreflexia 9 (18%)
Vomiting 7 (14%)
Hypotension 6 (12%)
Tremor 6 (12%)
Rhabdomyolysis/acute kidney injury 3 (6%)/2 (4%)
Wide complex tachycardia 3 (6%)
Cardiac arrest 3 (6%)

GCS: Glasgow coma scale.

CNS manifestations

The most commonly reported clinical manifestation of lamo-
trigine overdose was altered sensorium ranging from mild
drowsiness and lethargy to coma (82%). In 28 cases (55%),
patients experienced seizures, and 10 patients developed sta-
tus epilepticus. For six pediatric and six adult cases, patients
had no prior history of seizure disorder and had no co-inges-
tion prior to experiencing seizures (Tables 2 and 3). Ten
patients (20%) presented with severe obtundation, defined as
a Glasgow coma scale <8.

Cardiovascular manifestations

The most frequently reported cardiovascular manifestation
was tachycardia (33%). In 11 cases (21%), QRS
widening greater than 100 ms was detected
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Table 2. Pediatrics patients who developed seizures following lamotrigine overdose.

Seizure: Dose g Serum
Author Year Indication for LTG S/M/status Age (mg/kg) concentration mg/L HPI Co-ingestion
Willis et al. [56] 2007 Factitious ] 12d N/A 35 N/A None
Lapoint et al. [24] 2010 Father's medication M 13mo 0.8 31 3 None
Abesamis et al. [15] 2010 Mother's medication M 20 mo 1.5 30.5 1 None
Grosso et al. [58] 2016 Father's medication Status 3y 1.6 28.4 N/A None
Sirianni et al. [51] 2008 Bipolar S 17y 4(72.7) 26 6.5 Bupropion
Moore et al. [14] 2013 Seizure S 2y 0.5 (38.9) 26 N/A None
Bartecka-Mino et al. [29] 2017 N/A S 2y (6.5) 253 N/A None
Thundiyil et al. [52] 2007 Sister's medication M 19mo N/A 203 1 None
Briassoulis et al. [34] 1998 Mother’s medication Status 2y 0.8 (61.6) 38 2 None

LTG: lamotrigine, S: single seizure episode, M: multiple seizure episodes, Status: status epilepticus, y:year, mo: month, d:day N/A: not available, HPI: hours post-
ingestion when concentration was measured.

Table 3. Adult patients who developed seizures following lamotrigine overdose.

Indication Seizure: Serum
Author Year for LTG S/M/status Dose g (mg/kg) concentration mg/L HPI Co-ingestion
Moore et al. [14] 2013 Bipolar S N/A 90 16.7 Fludrocortisone
Chavez et al. [37] 2015 Bipolar Status 13.5 78 2 None
Nogar et al. [45] 2011 Depression Status 7.5 74.7 1.5 None
Hajiali and Nassiri-Asl [59] 2015 Bipolar S 40 73 Day 2 None
Williams and Watkins [26] 2011 N/A Status N/A 64.2 N/A Fluoxetine, Ethanol
Lu et al. [44] 2012 Bipolar S N/A 61.2 4 Clonazepam
Deslandes et al. [60] 2015 Seizure Status 8 53.6 1 Lacosamide
Kornhall and Nielsen [42] 2014 Bipolar S N/A 49 N/A None
Jobst and Williamson [23] 2005 Seizure Status 4.1 47.4 N/A None
Dinnerstein et al. [39] 2007 Seizure(P) Status 4.1 47.4 Day 2 None
Braga and Chidley [33] 2007 Seizure M 32 45 Day1 Pregabalin
Dagtekin et al. [38] 2011 Depression S 20 (333) 424 N/A Venlafaxine/diazepam
French et al [40] 2011 Bipolar M 4 35.7 19 None
Waring [54] 2009  Alcohol withdrawal S N/A 30 13 None

seizures
Algahtani et al. [32] 2014 Bipolar Status 6 25.6 N/A None
Schwartz and Geller [49] 2007 Bipolar M N/A 25.2 N/A Ethanol
Herold [41] 2006 Seizure M N/A 14.8 N/A Felbamate
Sethi et al. [50] 2013 Depression Status N/A 12.5 12-h post-admission Bupropion
Cheema and Leikin [27] 2014 Depression S 0.6 3.8 12 Venlafaxine and Melatonin

LTG: lamotrigine, S: single seizure episode, M: multiple seizure episodes, N/A: not available, HPI: hours post-ingestion when concentration was measured.

P: partial.

[14,16,26,35-37,40,41,45,51,53]. Wide complex tachycardia
(included only if the term WCT was used by the author) and
cardiac arrest were reported in three cases (6%). The only
cardiac toxicity reported in the pediatric population was
sinus tachycardia [52].

Lamotrigine-only overdose cases

Details from cases of lamotrigine-only overdoses are provided
in Table 4. Twenty-five cases of lamotrigine-only overdoses
met our inclusion criteria. Two cases resulted in death. The
first was described by French et al. [40] a 19-year-old male
with a history of bipolar disorder and no other medical ill-
ness who ingested 4 g of lamotrigine. Despite early presenta-
tion to an emergency department (15min after the
witnessed ingestion) and rapid decontamination, the patient
had multiple seizure episodes then developed aspiration
pneumonia, aspiration pneumonia, complete heart block, and
encephalopathy. Care was withdrawn 10-days post-admission.
Screening for drugs of abuse was negative, and the family
denied access to other medications. The second case
described by Nogar et al. [45] was a 48-year-old woman with
no history of seizure disorder who ingested 7.5g of lamotri-
gine. She developed refractory seizures then pulseless WCT

resulting in anoxic brain injury. Care was withdrawn 4-days
post-admission.

Among 13 adult cases of lamotrigine-only overdose, 6
developed seizures in the absence of a seizure disorder and
3 of them had status epilepticus (Table 4). Cardiac toxicity
was reported in five cases, including one case of WCT and
one complete heart block. Among 12 pediatric cases of lamo-
trigine-only overdose, 8 experienced seizures. Six of those
patients had no history of seizure disorders (Table 4).

Serum lamotrigine concentration and poisoning severity

Frequently, clinicians do not know the time between inges-
tion and the measurement of serum lamotrigine concentra-
tions. In our included cases, most reported only a single
concentration, and when multiple concentrations were
reported, we selected the highest concentration. In adults
who had no history of seizure disorder and had not co-
ingested another drug, Algahtani et al. [32] reported a single
lamotrigine concentration of 25.6mg/L, measured at an
unknown time post-ingestion. This represents the lowest con-
centration of lamotrigine in the adult cases with seizures.
Among nine children who developed seizures, there were
two cases (with no other co-ingestants) in which serum
lamotrigine concentrations were lower than those reported
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Serum
Indication Seizure: Dose g concentration

Author Year Age for LTG S/M/status (mg/kg) mg/L HPI ECG Outcome
Chavez et al. [37] 2015 36y Bipolar Status 135 78 2 QRS=128 Survived to

rehab
Nogar et al. [45] 2011 48y Depression Status 7.5 74.7 1.5 WCT Death
Hajiali and Nassiri-Asl [59] 2015 26y Bipolar S 40 73 Day 2 Sinus Survived

tachycardia
Miller and Levsky [25] 2008 23y Bipolar None N/A 63.9 4-h post- N/A Survived
admission
Hernandez et al. [22] 2010 40y Seizure None 6 49.5 NA Un-remarkable Survived
Kornhall and Nielsen [42] 2014 N/A Bipolar S N/A 49 N/A N/A Survived
Dinnerstein et al. [39] 2007 42y Seizure (P) Status 4.1 474 2 days N/A Survived
French et al. [40] 2011 19y Bipolar M 4 357 19 Wide QRS then Death
CHB
Willis et al. [56] 2007 12d Child abuse M N/A 35 N/A Normal Survived
Lapoint et al [24] 2010 13mo Accidental M 0.8 31 3 Normal Survived
Abesamis et al. [15] 2010 20mo Accidental M 1.5 30.5 11-h post- Normal Survived
admission
Chiew et al. [17] 2013 18 mo Accidental None N/A 30.3 N/A N/A Survived
Waring [54] 2009 42y  Alcohol with- S N/A 30 13 Normal Survived
drawal Seizure
Castanares-Zapatero 2012 50y Bipolar None 35 29.7 6 QRS =160 Survived
et al. [36]
Grosso et al. [58] 2016 3y Accidental Status 1.6 284 N/A Sinus tachycar- Survived
dia, RBBB
Moore et al. [14] 2013 2y Seizure S 0.5 (38.9) 26 3 N/A Survived
Algahtani et al. [32] 2014 46y Bipolar Status 6 256 N/A N/A Survived
Zidd and Hack [57] 2004 3y Seizure None 1.2 253 1.5 NA Survived
Bartecka-Mino et al. [29] 2017 2y N/A S (6.5) 253 N/A N/A Survived
Thundiyil et al. [52] 2007 19mo  Accidental M N/A 20.3 1 NA Survived
Dlugopolski et al. [18] 2007 4y Accidental None 0.6-1 18.8 25 NA Survived
Moore et al. [14] 2013 1y Accidental None N/A 18 8 N/A Survived
Buckley et al. [35] 1993 26y Temporal lobe None 14 174 3 QRS =112 Survived
epilepsy

Veerapandiyan et al. [61] 2011 25y Seizure None 1.6 (23.5) 16.5 N/A NA Survived
Briassoulis et al. [34] 1998 2y Accidental Status 0.8 (61.6) 3.8 2 No dysrhythmia Survived

LTG: lamotrigine, S: single seizure episode, M: multiple seizure episodes, N/A: not available, HPI: hours post-ingestion when concentration was measured, P: par-
tial, WCT: wide complex tachycardia, CHB: complete heart block, y: year, mo: month, d: day.

in adults. Briassoulis et al. [34] described a 2-year-old child
who accidentally ingested his mother’s medication and expe-
rienced a tonic-clonic seizure lasting 15 min prior to arrival in
hospital. The lamotrigine concentration collected 2-h post-
ingestion was 3.8 mg/L and represents the lowest concentra-
tion associated with seizures in all the included cases and a
concentration that is within the therapeutic range for adults
(1.5-10mg/L) [6]. Thundiyil et al. [52] reported a 19-month
old child who had no history of prior seizure disorders that
experienced seizures with a serum lamotrigine concentration
of 20.3 mg/L measured at 1 h post-ingestion.

Therapeutic interventions and their effectiveness
Gastrointestinal decontamination

Fifteen cases (29%) reported activated charcoal use
[19,20,25,32,34-38,40,47,49,52,57,59]. Nine cases (18%)
reported gastric lavage use [19,34,35,38,40,44,47,57,59]. One
patient (2%) received whole bowel irrigation (WBI) [19]. Based
on the available data, we could not estimate the impact of
gastrointestinal decontamination on patient outcome.

Seizure treatment

Twenty patients received benzodiazepines to treat seizures.
Termination  of  seizure  occurred in 12 cases

[23,24,33,34,39-41,49,54,58,59,60], while 5 patients required
additional treatment [26,32,37,45,56]. Three case reports did
not provide the response to treatment [15,38,50]. Four
patients received phenytoin or fosphenytoin [32,33,45,56].
Two of these patients had prior history of seizure disorder
[33,45]. Six patients received barbiturates and or propofol to
control seizures [26,32,37,45,59,60].

Treatment of conduction delays

Ten cases (20%) reported sodium bicarbonate use, which
produced varying responses. The QRS complex did not cor-
rect in four cases [26,36,37,45]. Sirianni et al. [51] reported a
nonfatal case of bupropion and lamotrigine overdose, spon-
taneous circulation returned 2 min after sodium bicarbonate
administration, but the patient re-arrested and subsequent
sodium bicarbonate was ineffective but the return of spon-
taneous circulation occurred one minute after intralipid emul-
sion administration. Herold [41] described a patient who
ingested lamotrigine and felbamate; the electrocardiogram
showed QRS complex narrowing from 108 ms to 98 ms fol-
lowing the administration of one dose of sodium bicarbon-
ate. In one case by Bouchard et al. [16] ST segment elevation
in precordial leads decreased, but there was no observable
effect on the QRS interval with sodium bicarbonate.
Response was not reported in two cases [40,53]. Hajiali and
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Nassiri-Asl [59] used sodium bicarbonate prophylactically in
one case that never developed conduction delay.

Intravenous lipid emulsion was used in six cases including
the case described above by Sirianni et al. [51]. In two cases
of lamotrigine-only overdose, ILE rapidly narrowed the QRS
complex and resolved the conduction delay after sodium
bicarbonate therapy failed [36,37]. Moore et al. [14] reported
improvement of agitation in a patient who overdosed on
lamotrigine and fludrocortisone, which could have been sec-
ondary to ILE administration. Dagtekin et al. [38] reported
resolution of rigidity, hyperreflexia, and restoration of spon-
taneous ventilation in a patient who overdosed on diazepam,
venlafaxine, and lamotrigine following the administration of
ILE. Nogar et al. [45] described a patient with pulseless WCT
following ingestion of 7.5 g lamotrigine who had no response
to ILE treatment.

Extracorporeal elimination

Extracorporeal treatment was used in five cases, intermittent
hemodialysis (IHD) in four cases, and continuous veno-ven-
ous hemofiltration in one case. Williams and Watkins [26]
reported resolution of seizures and WCT 45 min after the ini-
tiation of hemodialysis. IHD was performed for 3.5h. Serum
lamotrigine concentrations at 20 min, 57 min, and 4h after
IHD initiation were 64.2, 57, and 39.2mg/L, respectively. In
one of the fatal lamotrigine-only overdoses described by
French et al. [40], lamotrigine was still detectable in serum
after five sessions of IHD performed over a period of 8 days.
The first four sessions were 3 h each, and the fifth was 2.5h
long. In this case, the half-life of lamotrigine with once-daily
IHD varied between 16.6 and 60.6 h. The authors hypothe-
sized that the prolonged half-life and the non-linear reduc-
tion of lamotrigine concentration could have been due to
ongoing absorption or bezoar formation. In the case reported
by Dagtekin et al. [38], a single 8-h IHD session did not
improve rigidity and hyperreflexia. The serum concentration
in that case was measured only once prior to IHD, which pre-
cludes calculating lamotrigine half-life. Chavez et al. [37]
described a patient that showed improvement in acid-base
status following continuous veno-venous hemofiltration with
a sodium bicarbonate infusion, but no effect was observed
on cardiovascular toxicity. Hemofiltration was continued for 1
week. The authors did not report serum concentrations or
half-life calculations. In the case reported by Lu et al. [44] of
mixed lamotrigine and clonazepam overdose, there was pau-
city of reported information; therefore, the effects of IHD and
hemoperfusion could not be assessed.

Discussion

Cardiovascular and neurological toxicity following lamotrigine
overdose is likely secondary to its ability to block voltage-
gated sodium channels [14]. Blocking fast sodium channels in
the heart prolongs the QRS complex and can lead to ven-
tricular tachycardia and cardiovascular collapse. Lofton and
Klein-Schwartz [13] conducted a large (N =493) retrospective
poison center study of lamotrigine-only exposures. Most

patients in that study experienced little or no effects.
Seizures, coma, respiratory depression, and conduction delays
occurred in less than 1.2% of patients. There was no reported
mortality in that study. Unfortunately, the authors did not
report serum concentrations. In our review, lamotrigine over-
dose resulted in seizures in 55% of cases, severe depression
of mental status (Glasgow coma scale <8) in 20%, WCT and
cardiac arrest in 6%, and death in 6%. This difference in the
complication rates may be explained partly by selection and
confirmation bias in the former and publication bias in the
latter. It is likely that most lamotrigine exposures result in
mild or no toxicity. However, ingestion of large quantities
can be associated with severe CNS depression, seizures, car-
diac conduction delays, WCT, and death.

The therapeutic range and usefulness of monitoring serum
lamotrigine concentrations in patients with epilepsy are con-
troversial. Earlier studies found no correlation between the
serum concentration and clinical efficacy or toxicity [5,62].
However, Hirsch et al. [6] showed a strong correlation
between serum lamotrigine concentration and clinical tox-
icity. In their study, the percentage of patients experiencing
signs and symptoms of toxicity increased with serum concen-
tration, and 59% of patients with a concentration >20mg/L
showed some evidence of toxicity. In our review, the lowest
serum concentration associated with seizure or cardiac tox-
icity was 25.6 mg/L in adult patients who had no history of
seizures and overdosed on lamotrigine alone. The majority of
the pediatric patients in our review were <3.5 years of age,
which limits the generalizability of our findings; ingestions as
low as 525mg of lamotrigine caused significant toxicity in
one patient in this age group. In addition seizures were
reported at a lower serum concentrations (3.8mg/L and
20.3mg/L) in two pediatric cases compared to those seen in
adults. Bartecka-Mino et al. [29] in a conference abstract of a
retrospective poison information study that included 43 pedi-
atric cases recommended careful assessment of pediatric
lamotrigine overdose as they seem more susceptible to its
toxic effect. It appears that children may be more susceptible
to seizures with lamotrigine ingestions. However, given that
the timing of the concentration with respect to the time of
ingestion was often not reported (Tables 2 and 3) and higher
serum concentrations in the same age group resulted in sig-
nificant but less severe toxicity [17]; more evidence is needed
to support or refute this observation.

Inter-patient variability in serum lamotrigine concentra-
tions (i.e., the same dose results in different serum concentra-
tions in different patients) is well documented [63,64]. This
may partly explain why smaller ingestions resulted in more
severe toxicity in some patients.

Regarding therapeutic management of lamotrigine over-
dose, activated charcoal was used in 29% of cases in our
review. Estimating the impact of activated charcoal on
patient outcome is difficult because it was often adminis-
tered late after ingestion. However, activated charcoal has
been shown in healthy volunteers studies to reduce lamotri-
gine absorption and enhances its elimination [65,66].
Therefore, we recommend using activated charcoal in the
absence of contraindications. Lamotrigine causes alterations
in consciousness level and seizures; therefore, protecting the



airway prior to Gl decontamination is essential. WBI was used
in one case in our review. WBI could be useful when the
patient ingests a sustained-release formulation; however,
polyethylene glycol could decrease lamotrigine binding to
activated charcoal. Lamotrigine circulates enterohepatically,
and the use of multiple-dose activated charcoal may enhance
its elimination [66].

Lamotrigine-induced seizures should be treated like other
toxicological seizures. Benzodiazepines are the first-line treat-
ment, and propofol and barbiturates should be used for
refractory seizures. Phenytoin should probably be avoided
since, like lamotrigine, it inhibits the electrical discharge in
the epileptic focus by blocking sodium channels. There are
more sodium channels in the inactivated state located at the
epileptic focus due to the high frequency of depolarization.
Phenytoin can bind to the inactivated channels and inhibit
their reactivation [67]. In the case of overdose, the balance
between excitatory and inhibitory neurotransmitters is lost
due to excessive release of the former and blockade or defi-
ciency of the latter, but there is no specific focus with exces-
sive electrical discharge [68].

While QRS widening was resistant to sodium bicarbonate
therapy in several cases in our review, two cases reported
resolution of conduction delay following its administration
[41,51]. Whether lamotrigine-induced cardiac conduction
delays are truly resistant to sodium bicarbonate therapy is
unclear. Failure to respond to sodium bicarbonate therapy in
the reported cases may have been influenced by delays in
the initiation of treatment or inadequate dosing. The place in
therapy of this intervention cannot be established based on
the reported cases included in our review. Definitive conclu-
sions concerning the role of ILE in lamotrigine poisoning are
not possible from the available data. ILE could be considered
when sodium bicarbonate is ineffective in hemodynamically
unstable patients and in cases of cardiac arrest.

The pharmacokinetic profile of lamotrigine indicates that
it may be amenable to extracorporeal elimination; however,
the number of cases in our review using extracorporeal elim-
ination was small, and the serum concentrations were rarely
measured more than once after extracorporeal elimination
was initiated. Therefore, we could not assess lamotrigine
clearance using these treatment modalities.

Our review has several limitations; it is based entirely on
case reports and case series, which diminish the strength of
the evidence. We did not find any prospective studies
addressing lamotrigine overdose in the literature or confer-
ence abstracts. It is possible that by restricting our inclusion
criteria to acute and acute-on-chronic lamotrigine overdose
exposures that included a serum concentration biased our
results toward more severe cases, as obtaining concentra-
tions may be more likely performed in severe poisonings.
Publication bias and the lack of a standardized methodo-
logical approach for case reports is another limitation. In add-
ition, most of the pediatric cases included in this review were
<3.5 years of age, which hinders extrapolation of these
results to older pediatric patients. Lastly, it is important to
realize that some of our observations are based on small
number of cases and larger trials are needed to confirm such
observations.
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Conclusions

Most cases reporting lamotrigine exposures observed mild or
no toxicity. However, large exposures were associated with
severe CNS depression, seizures, cardiac conduction delays,
wide complex tachycardia, and death. In adults with a serum
concentration >25mg/L, severe toxicity may occur. In
patients <3.5 years of age, ingestions of >525mg may pro-
duce severe CNS depression and seizures.
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