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This article reports detoxication treatments of a case of combined overdose of carbamazepine and lithium in a 38-
year-old female with bipolar disorder. She was brought to the emergency unit after the family found her unresponsive
and lying near empty packages for carbamazepine (corresponded to 7.7 g) and lithium carbonate (corresponded to 6.6
g) tablets. On admission, her blood pressure, heart rate and respiratory rate were 80/55 mmHg, 90 per minute and 13
per minute, respectively. Her GCS was 3 (E1, M1, V1). She received gastric lavage after intratracheal intubation, fol-
lowed by administration of activated charcoal via gastric tube, and a large volume (800 ml/h) of lactate Ringer's solu-
tion by intravenous infusion. The serum levels of carbamazepine and lithium approximately 5 h after ingestion were 56.0
mg/ml and 3.56 mEq/l, respectively. The carbamazepine overdose was mainly treated by a 3 h charcoal hemoperfusion
(CHP). The CHP treatment decreased serum carbamazepine levels by approximately 3040％ as compared with the lev-
els simulated by Bayesian analysis using 1-point or 2-points serum level(s) (without detoxication treatment). For lithi-
um overdose continuous infusion of Ringer's solution was eŠective, which increased serum sodium gradually and facili-
tated the elimination of lithium. In conclusion, the treatments with CHP and continuous infusion of Ringer's solution
were considered to be eŠective for detoxiˆcation of carbamazepine and lithium overdose, respectively, when compared
with those drug levels without detoxication treatment that simulated by Bayesian analysis method.
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INTRODUCTION

Drug overdoses lead to a variety of poisoning sym-
ptoms over time, including impaired consciousness
and hemodynamic instability. In such patients, infor-
mation on time proˆles of drug levels in the blood
(serum) would be highly beneˆcial for predicting
time-dependent poisoning symptoms and facilitating
timely interventions that prevent adverse eŠects.1,2)

The present study reports a case of carbamazepine
and lithium overdose in a 38-year-old female with
bipolar disorder.

Carbamazepine is an anticonvulsant, mood-
stabilizing drug used primarily in the treatment of
epilepsy and bipolar disorders. Lithium is a mood-
stabilizing drug used in the treatment of bipolar dis-
orders. Carbamazepine is considered safe when used
appropriately, but overdoses can be life threaten-
ing.3,47) Lithium overdoses are divided into 3 types:

acute, acute on chronic, and chronic, depending on
administration modality. The severity of lithium in-
toxication is quite diŠerent for these distinct types of
lithium poisoning.1,8) Charcoal hemoperfusion
(CHP) and injections of activated charcoal into the
stomach coupled with aggressive intestinal purging
are clinically eŠective detoxiˆcation methods for car-
bamazepine poisoning.4,913) For lithium poisoning,
careful attention must be given to the sodium and
‰uid balance, in addition to promoting renal clear-
ance or hemodialysis for patients who have renal
impairment.1,8,14)

In the present study, the patient with carbamaze-
pine and lithium overdose was treated with CHP and
continuous infusion of Ringer's solution. Also, the
clinical e‹cacy of the treatments was evaluated by
measuring serum carbamazepine and lithium levels
with time and by comparing the values with those
drug levels without detoxication treatment that simu-
lated by Bayesian analysis method.
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A CASE PRESENTATION

Treatment A 38-year-old female weighing 55
kg with bipolar disorder had been treated with car-
bamazepine (tablets, Tegretol, Novartis Pharma
K.K, Tokyo, Japan) and lithium carbonate (tablets,
Limas, Taisho Pharmaceutical Co., Ltd, Tokyo,
Japan) for more than two months at the outpatient
clinic of Hiroshima University Hospital. During this
period, the daily doses of carbamazepine and lithium
carbonate were 700 mg and 600 mg, respectively. One
day, the family found her lying unresponsive near
empty packages of carbamazepine (corresponding to
7.7 g) and lithium carbonate (6.6 g) tablets. She was
transported by ambulance to the emergency room at
Hiroshima University Hospital after the ingestion.
Physical examination on admission revealed: GCS
E1. V1. M1., blood pressure at 80/55 mmHg, heart
rate at 90 per m, and respiratory rate at 13 per m.
Neither rhythm disturbance in the electrocardiograph
nor convulsive seizure was observed. The patient un-
derwent repeated gastric lavage with 7000 ml of nor-
mal saline following intra-tracheal intubation. She
then received 20 g activated charcoal and 250 ml of
magnesium citrate solution (13.6％ liquid, Magcolol,
Horii Pharmaceutical Ind., Ltd, Osaka, Japan) via
gastric tube．Subsequently, she received a large in-
travenous infusion (800 ml/h) of lactate Ringer's so-
lution (lactate, 28 mEq/l; sodium, 130 mEq/l). Dur-
ing these treatments, blood was sampled to measure
serum carbamazepine and lithium levels. The ˆrst
sampling time of blood was assumed to be approxi-
mately 3 h after the ingestion, since the family was
keeping considerable attention to her on the day. The
carbamazepine overdose was more severe than that of
lithium, as compared to their therapeutic levels. The
carbamazepine intoxication was treated with sodium
heparin-added charcoal hemoperfusion (CHP) for 3
h, which was initiated approximately 2 h after admis-
sion (5 h after ingestion). Blood was taken 7 times
during these treatments to measure carbamazepine,
lithium and sodium levels in serum. Blood (3 ml
each) was centrifuged (Kubota KN-70, Kubota
Cooperation, Tokyo, Japan) at 10000 rpm for 15 m
to obtain serum samples. The serum levels of car-
bamazepine were measured by Fluorescence Polariza-
tion Immunoassay (FPIA) using the TDX FLX sys-
tem (Abbott Japan Diagnostics Division, Tokyo,
Japan), and levels of lithium and sodium were by

Na/K/Li Analyzer (Ciba-Corning 654 Analyzer,
Bayer Diagnostics, Tokyo, Japan). Bayesian analysis
was applied to simulate the time course of both drug
levels in serum15,16) on VCM-TDM E_edition Ver.
2.04 (Shionogi & Co., Ltd.).

After intensive treatment for 3 days, the patient
was transferred to a psychiatric ward. The permission
of the presentation to the scientiˆc meeting and sub-
mitting to the scientiˆc journal of article was obtained
from the patient after the completion of detoxication
treatment.17,18)

TDM Data The serum levels of carbamazepine
and lithium immediately after admission were 50.5 mg/
ml and 3.20 mEq/l, respectively, and at 2 h later, they
were 56.0 mg/ml and 3.56 mEq/l. As described, the
ˆrst sampling time of blood was assumed to be 3 h af-
ter ingestion of drugs. Using these 1-point (3 h) and
2-points (3 and 5 h after ingestion) serum data for
each drug, the serum level-time proˆles were obtained
by the Bayesian analysis method. The simulated
curves using 1-point and 2-points serum data of both
carbamazepine and lithium were similar as shown in
Figs. 1 and 2. No noticeable diŠerence in estimated
parameters emerged between the 1-point and 2-points
Bayesian analyses (Table 1), in which the absorption
rate constant alone of each drug was diŠerent from
the value reported in population pharmacokinetics
studies.15)

The serum carbamazepine level (56.0 mg/ml) at 5 h
after ingestion was approximately 4-fold higher than
the maximal therapeutic level (15 mg/ml). Thus, the
overdose of carbamazepine was considered to be
more severe than that of lithium. The serum car-
bamazepine level after 3-h CHP treatment was lower
than the simulated level by the Bayesian analysis
method (without detoxiˆcation treatment) (Fig. 1).
CHP treatment could decrease the area under the
concentration-time curve of serum carbamazepine
from 0 to 44 h (AUC044) after ingestion, which was
calculated by a trapezoidal rule, by approximately
30％ of the simulated serum levels by the Bayesian
analysis method (without detoxiˆcation treatment)
(Table 2). Without the CHP treatment, it may take
32 h for serum carbamazepine level to fall to the up-
per therapeutic level in the patient. However, the
CHP treatment could reduce the time to 21 h after in-
gestion (Fig. 1, Table 2).

Lithium level in the patient (3.56 mEq/l) was ap-
proximately 3-fold higher than the maximal therapeu-
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Table 1. Pharmacokinetic Parameters of Carbamazepine and Lithium in Overdose in a 38-year-old Female that Calculated by the
Bayesian Method

Parameter
Carbamazepine Lithium

Population 1-point 2-points Population 1-point 2-points

Elimination rate constant (h－1) 0.0292 0.0292 0.0295 0.0266 0.0265 0.0273

Half life (h) 23.8 23.7 23.5 26.1 26.2 25.4

Absorption rate constant (h－1) 1.230 0.354 0.389 1.500 0.083 0.070

Distribution vol. (l/kg) 1.61 1.70 1.84 0.79 0.79 0.80
Clearance (l/kg/h) 0.047 0.050 0.054 0.021 0.021 0.022

Doses of carbamazepine and lithium carbonate were assumed to be 7700 mg and 6600 mg, respectively. For pharmacokinetic analysis, the lag time before ab-
sorption was set at 0. Population means the average value obtained by population pharmacokinetics data. 1-point: Basian analysis was made using 1-point serum
level of each drug (3 h after ingestion). 2-points: Basian analysis was made using 2-points serum levels of each drug (3 and 5 h after ingestion).

Table 2. EŠect of Detoxiˆcation Treatments on Pharmacokinetic Parameters of Carbamazepine and Lithium in Overdose
in a 38-year-old Female Patient

Parameter
Carbamazepine Lithium

Simulated Observed Simulated Observed

Peak serum level (mg/ml or mEq/l) 61.6 56.0 3.65 3.56

Time to reach Peak level (h) 6.0 4.8 4.5 4.8
AUC044 (mg・h/ml or mEq・h/l) 1817 806 102 64

Time to therapeutic level (h) 57.5 21.2 46.0 21.1

Doses of carbamazepine and lithium carbonate were assumed to be 7700 mg and 6600 mg, respectively. Parameters were simulated by Baysian
method using 2-points serum levels at 3 and 5 h after ingestion.

Fig. 1. Time Course for Serum Carbamazepine Following In-
gestion of 7.7 g Carbamazepine in a 38-year-old Female

A 3-h charcoal hemoperfusion (CHP) was carried out 5 h after inges-
tion. Closed circles with broken line represent the observed serum car-
bamazepine concentrations before, during and after detoxication treatments.
Two dotted lines represent the time courses for serum carbamazepine simu-
lated by the Bayesian method using 1-point (■) and 2-points (●) serum
levels prior to CHP treatment (without detoxication treatment). ----- : Ther-
apeutic range of carbamazepine is 412 mg/ml in serum. 　　　: Charcoal
Hemoperfusion (3 h)

Fig. 2. Time Courses for Serum Lithium (solid circles) and
Sodium Ions (triangles) Following Ingestion of 6.6 g Lithi-
um Carbonate in a 38-year-old Female

A 3-h charcoal hemoperfusion (CHP) was carried out 5 h after inges-
tion. Closed circles with broken line and closed triangles with solid line
represent the observed serum lithium and sodium concentrations, respective-
ly, before, during and after detoxication treatments. Two dotted lines
represent the time courses for serum lithium simulated by the Bayesian
method using 1-point (■) and 2-points (●) serum levels prior to CHP
treatment (without detoxication treatment). ----- : Therapeutic range of lithi-
um is 0.41.2 mEq/ml in serum. 　　　: Charcoal Hemoperfusion (3 h)
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tic level (1.25 mEq/l). During constant infusion of
lactate Ringer's solution, the elimination of lithium
from plasma appeared to be facilitated, in association
with the increase in serum Na concentrations (Fig.
2). The AUC044 of serum lithium was lower by 38％
than that simulated by the Bayesian analysis method

(without detoxiˆcation treatment) (Table 2) .
Without the treatment, it may take 48 h for serum
lithium level to fall to the upper therapeutic level in
the patient. The intravenous infusion of lactate Rin-
ger's solution could reduce the time to 21 h after in-
gestion (Fig. 2, Table 2).
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DISCUSSION

Accidental or intentional poisoning by drug over-
dose occurs at a high rate. Among antiepileptic drugs,
carbamazepine is reportedly the second most com-
mon overdose drug in U.S., following valproic
acid.1922) Four distinct stages of carbamazepine
poisoning have been reported. Based on serum car-
bamazepine levels the stages are: potentially catas-
trophic relapse at ＜11 mg/ml; drowsiness, ataxia at
1115 mg/ml; combativeness, hallucinations at 15 25
mg/ml; and coma, seizures at ＞25 mg/ml3,47,2325). In
the present case, the serum level of carbamazepine at
the second mesurement (possibly 5 h after ingestion)
was 56.0 mg/ml (Fig. 1). Similarly, the severity of
lithium poisoning reportedly correlates with serum
lithium levels, although lithium poisoning diŠers with
drug history as described above. Symptoms of severe
toxicity, which can be life-threatening, include
marked delirium, coma and seizures at ＞2.5 mmol/l
in serum, though morbidity and mortality are
rare.1,8,26) In the present case, the serum lithium level
possibly 5 h after ingestion was 3.56 mEq/l.

Carbamazepine is mostly eliminated by hepatic
metabolism, with only 1％ to 3％ renal excretion, and
lithium is eliminated mostly to the urine by glomeru-
lar ˆltration and secretion.

In the present case, the carbamazepine and lithium
overdose was mainly treated by gastric lavage, ad-
ministration of activated charcoal, intravenous
volume loading, and CHP. Administration of activat-
ed charcoal followed by the gastric lavage treatment
are thought to have eŠectively removed the drugs
remaining in the stomach, since the absorption rate
constants for both carbamazepine and lithium esti-
mated by Bayesian analysis were fairly lower than
reported values.15,16) Bayesian analysis is performed
by using fractional individual patient data (14 sam-
ples) under steady state and population pharmacoki-
netic parameters and is applied to settle adequate
dosage schedules of drugs from individual phar-
macokinetic parameters. This technique has proven
useful for TDM for drugs with narrow therapeutic
ranges, including the aminoglycosides, digoxin, an-
ticonvulsants, lithium and theophylline, particularly
where drug concentrations are measured during rela-
tively complicated dosage regimens.27) In the present
study, the Bayesian analysis method was utilized to
simulate the time proˆles of carbamazepine and lithi-

um overdosed by using 1-point and 2-points serum
drug data and reported population pharmacokinetic
parameters. As a result, the simulation was made only
by changing absorption rate constants from reported
population pharmacokinetic parameters (Table 1).
The carbamazepine was treated with CHP, since the
e‹cacy of CHP for carbamazepine poisoning has
been well documented.6,913) As shown in Fig. 1, CHP
increased carbamazepine elimination dramatically. In
parallel, the lithium overdose was treated with in-
travenous sodium and volume loading, since the re-
absorption of lithium ions at the renal proximal tub-
ule could be suppressed by a higher concentration of
sodium ions and a greater volume of renal-tubule
‰uid, resulting in increased renal excretion of lithium
ions.8) The continuous infusion of Ringer's solution
increased serum sodium gradually, and serum lithium
levels clearly decreased as a result (Fig. 2). Hemo-
dialysis is also reportedly a useful detoxiˆcation
method for lithium, especially in patients with serum
lithium levels higher than 3.5 mEq/l or renal
impairment1,8,28).

For patients who ingest multiple substances simul-
taneously, it is important to set treatment priorities as
soon as possible. The severity of poisoning will vary,
so the detoxiˆcation method will diŠer in each case.
In this study, CHP was eŠective in decreasing serum
carbamazepine, but not lithium. Therefore monitor-
ing and predicting drug level-time proˆles were im-
portant tools in deciding treatment priorities.

The Bayesian dosing program is clinically valid
when two feedback levels are known.29,30) In the
present study, we compared 1-point serum data at 3 h
and 2-points at 3 and 5 h after ingestion. In clinical
situations, the 1-point Bayesian analysis may be more
useful because there may not be time to take two
blood samples before initiating treatment. Previous-
ly, the Bayesian method was applied to a theophylline
overdose (2400 mg, sustained-release tablet) in a
young female.31) The initial observed serum theophyl-
lin level at 2 h was within the therapeutic level (1020
mg/ml). However, Bayesian analysis indicated that the
maximal toxic level (32 mg/ml) would be reached at
12 h after ingestion. It was also estimated more than
28 h would elapse before the serum theophyllin level
decreased to the upper therapeutic level. Although
only the 1-point serum theophyllin level (2 h after in-
gestion) was used for the Bayesian analysis, the
predicted values were quite close to the observed
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values thereafter.
In the present study, Bayesian analysis method was

applied to a case of carbamazepine and lithium over-
dose in deciding the treatment strategy most likely to
prevent convulsions and arrhythmia under artiˆcial
ventilation30) and in evaluating clinical e‹cacy of
detoxication treatments. As shown in Figs. 1 and 2, 1-
point serum levels of carbamazepine and lithium were
nearly as predictive of serum level proˆles as the 2-
points data. To simulate the time course of serum
drug concentrations from 1-point or 2-points serum
drug levels pharmacokinetically, it will be very im-
portant to know the time of injestion correctly. In the
present case, the family did know her suicide tenden-
cy and observed her carefully on a daily basis. Thus,
her ingestion time of carbamazepine and lithium was
speculated with a fairly short margin of error. In
general, however, it will be not easy to speculate the
ingestion time correctly. In such case, multiple simu-
lation curves of Baysian analysis should be prepared
by applying the diŠerent ingestion times. Then, by de-
termining the second and/or the third points of sub-
stance levels during the ˆrst-aid treatment, an ap-
propriate simulation curve by Baysian analysis may
be selected.

CONCLUSION

A case of combined overdose of carbamazepine
and lithium was treated successfully with a 3 h char-
coal hemoperfusion and continuous intravenous infu-
sion of a large volume (800 ml/h) of lactate Ringer's
solution. These treatments were considered to be
eŠective in facilitating the elimination of both drugs
from serum, as evaluated by Baysian analysis method
pharmacokinetically.
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