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Abstract

Background: In acute intoxication, carbamazepine concentration above 40 mcg/ml is associated with a risk of
severe neurological consequences, including depressed consciousness, respiratory depression, cardiac conduction
disorders, seizures, and death. Carbamazepine intoxication is often associated with the use of concomitant
medications. However, the effect of exposure to other central-nervous-system (CNS) acting medications on the
neurological manifestations of carbamazepine toxicity has not been evaluated.

Objective: To examine the effect of exposure to CNS-acting medications on the neurological effects of
carbamazepine toxicity.

Methods: A retrospective nested case-control study of all patients > 18 years of age, with at least one test of
carbamazepine levels > 18 mcg/ml recorded at the Hadassah Hospital Central Laboratory, between the years 2004—
2016. Sociodemographic and clinical data were collected from the computerized medical records, and the
characteristics of patients with and without severe neurological symptoms of carbamazepine intoxication were
compared.

Results: Eighty patients were identified. In bivariate analyses, the odds of severe neurological symptoms was higher
in patients with antidepressants use (odds ratio 8.7, 95% confidence interval: 1.8-41.2, p = 0.007), benzodiazepines
use (8.6, 2.0-37.1, p=0.004), and carbamazepine concentration above 30 mcg/ml (8.1, 1.9-33.3, p = 0.004).
Multivariate models demonstrated that antidepressants and benzodiazepines were associated with severe
neurological manifestations during carbamazepine intoxication, independently of carbamazepine concentration
over 30 mcg/ml.

ICU admission was associated in multivariate analysis with antidepressants (but not benzodiazepines) use, and with
carbamazepine levels > 30 mcg/ml.

Conclusions: Among patients with carbamazepine intoxication, severe neurological symptoms are associated with
exposure to benzodiazepines or antidepressants and with carbamazepine levels higher than 30 mcg/ml.

Keywords: Carbamazepine, Intoxication, Concentration level, Concomitant medication, Benzodiazepines

* Correspondence: Muszkatm@hadassah.org.il

1Department of Internal Medicine, Hadassah-Hebrew University Medical
School, Mt Scopus, POB 24035, Ein Kerem, 91240 Jerusalem, Israel

Full list of author information is available at the end of the article

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.


http://crossmark.crossref.org/dialog/?doi=10.1186/s40360-020-00425-2&domain=pdf
http://orcid.org/0000-0002-9520-1379
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:Muszkatm@hadassah.org.il

Hirsch et al. BMIC Pharmacology and Toxicology (2020) 21:47

Background

Carbamazepine is widely used for the treatment of epi-
lepsy, affective disorders, trigeminal neuralgia, and other
conditions. Carbamazepine’s action is attributed to vari-
ous pharmacological mechanisms [1]. Carbamazepine
stabilizes the inactivation state of sodium channels both
in the central nervous system and in the heart, thereby
reducing depolarization and decreasing glutamate re-
lease. This may explain the neurological and cardiac ef-
fects observed in overdose situations [2]. Carbamazepine
has anticholinergic activity, and has a paradoxical effect
on adenosine’s receptor: in a therapeutic dose, carba-
mazepine inhibits adenosine reuptake, thereby inhibiting
glutamate release, while in overdose it has an antagonis-
tic effect on adenosine receptor. This mechanism can
explain the occurrence of seizures during carbamazepine
overdose.

Therapeutic drug monitoring of carbamazepine is used
in routine clinical practice.

During intoxication, measurement of carbamazepine
concentration may have important implications for pa-
tient management, such as decision-making regarding
ICU admissions. Generally, a correlation between drug
concentration and clinical toxicity has been observed.
However, the findings regarding the level associated with
the risk for severe neurological manifestation have been
inconsistent.

Carbamazepine concentrations above 40 mcg/ml are
considered to be associated with the risk for severe
clinical manifestations such as depressed conscious-
ness, respiratory depression, cardiac conduction disor-
ders, seizures, and death [3]. However, carbamazepine
levels associated with neurological depression differ
between the pediatric and adult populations. Children
younger than 12years may develop severe complica-
tions during carbamazepine intoxication at lower
carbamazepine levels than adults [4] . In a study of
263 patients with carbamazepine intoxication, carba-
mazepine levels of 20-30 mcg/ml were associated
with severe symptoms in 8% of adults and 43% of the
children. At levels above 30 mcg/ml, only 33% of
adults had severe neurological symptoms while 85%
of children had such symptoms [5].

In a retrospective review of 28 adult cases with isolated
carbamazepine poisoning, among patients with levels
above 40 mcg/ml, 60% developed at least two of the fol-
lowing: seizures, coma, or respiratory depression. Only
one subject had severe symptoms with carbamazepine
levels lower than 40 mcg/ml [3]. However, severe symp-
toms have been reported with levels lower than 40 mcg/
ml as well [6, 7].

Based on these data, clinical guidelines have suggested
that the risk of severe symptoms of carbamazepine over-
dose is associated with levels greater than 40 mcg/ml".

Page 2 of 8

In clinical practice, carbamazepine intoxication often
occurs in patients who are exposed to concomitant med-
ications with central nervous system (CNS) effects, and
suicidal mortality has been associated with multi-drug
toxicity [8]. Nevertheless, most studies evaluating the re-
lationship between carbamazepine concentrations and
the manifestations of intoxication have not reported on
the effect of concomitant CNS medications. Thus, we
sought to examine the relationship between carbamaze-
pine concentration and neurological symptoms in acute
multi-drug toxicity in adults.

Methods

We performed a retrospective nested case-control study
of all patients with carbamazepine concentration mea-
surements at the central laboratory of the Hadassah Uni-
versity Hospital, between the years 2004 and 2016. The
study was approved and exempted from informed con-
sent by the Hadassah Institutional Ethics Committee.

Study population

The study population included men and women over 18
years of age in whom carbamazepine concentrations
above 18 mcg/ml were measured at the central labora-
tory of the Hadassah University Hospital between the
years 2004 and 2016.

Patients were excluded if carbamazepine levels were
below 18 mcg/ml, based on previous literature [3], if
their medical files were confidential, or if they had a
non-pharmacological event that could affect neurological
status. In patients with more than one measurement of
carbamazepine concentration, the highest measurement
was used.

Determination of carbamazepine concentration

Patients’ carbamazepine blood concentration was tested
at the central laboratory of the Hadassah University
Hospital using fluorescence polarization with COBAS
INTEGRA reagent system cassettes on COBAS INTE-
GRA 700 (Roche Diagnostics) [9] . The reagents, con-
trols, and calibrators were obtained from Roche
Diagnostics and were used according to the manufac-
turer’s instructions.

Data collection

Sociodemographic and clinical data were anonymously
retrieved from the computerized medical records, and
the characteristics of patients with and without severe
neurological manifestations of carbamazepine intoxica-
tion were compared. Data collected included: age,
gender, background diseases, carbamazepine plasma
concentration (mcg/ml), cause for ingestion (accidental,
intentional, suicide attempt, therapeutic), carbamazepine
daily dosage, other drugs used, as well as clinical findings
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including: neurological, respiratory, cardiovascular find-
ings, ECG findings, ICU admission, treatment, and dur-
ation of hospitalization. All additional drugs were
recorded using the ATC system [10].

A severe neurological presentation was defined as se-
verely depressed consciousness i.e., impaired or no re-
sponse to voice or pain, or the presence of stupor or
coma.

Patients without severe neurologic manifestations in-
cluded patients with no neurologic manifestations, pa-
tients with neurologic symptoms but without a change
in the state of consciousness or patients with a mild
change in the state of consciousness, such drowsiness,
but with intact response to voice.

Statistical analysis

Continuous variables were expressed as mean + SEM
and categorical variables as percentages. Patients with
and without severe neurological presentation of carba-
mazepine intoxication were compared. The x> test was
used for comparison of categorical variables, and t-test
for continuous variables. Factors that were significantly
associated with a severe neurological presentation were
examined using multiple logistic regression. P-value <
0.05 was considered significant. All statistical analyses
were performed using IBM-SPSS version 24.0 (IBM
Corp., Armonk, NY, USA).

Results

We identified 203 carbamazepine concentration tests
from 136 different subjects with carbamazepine concen-
tration greater than 18 mcg/ml during the period
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specified. Thirty-three of these 136 subjects were youn-
ger than 18 years, and 20 were missing essential informa-
tion (i.e. information on background diseases and
concomitant medications). Of the remaining 83 patients,
three were excluded due to non-pharmacological acute
events (including acute meningitis, hepatic encephalop-
athy, and head trauma) which had likely affected neuro-
logical presentation. Thus, a total of 80 patients were
included in our analysis.

Patient characteristics

The socio-demographic and clinical data of the 80 patients
included in the analysis are shown in Table 1. The average
age was 43.4 t 1.96years. Fifty-two percent were men.
67% were Jews and 31% Arabs. Before intoxication, carba-
mazepine was used chronically by 83% of the patients.
The main indications for chronic use were epileptic sei-
zures (63%) and affective disorder (34%). Carbamazepine
concentration greater than 30 mcg/ml was found in 21.0%
of patients, and 8.8% had carbamazepine concentration
greater than 40 mcg/ml. Severe neurological symptoms
were observed in 10 (12.5%) patients, while in 70 patients
(87.5%) there were no severe symptoms of intoxication.

Clinical characteristics

Background characteristics of patients with and without
severe neurological symptoms of carbamazepine intoxi-
cation are shown in Table 1. Carbamazepine was pre-
scribed for a psychiatric disorder in 70% of patients with
severe neurologic symptoms, as compared to 29% among
those without severe neurologic manifestations (p =
0.013) (Fig. 1). In contrast, the predominant indication

Table 1 Sociodemographic and clinical characteristics of patients with carbamazepine intoxication. Continuous variables are
presented as average + SEM, ordinal variables are presented as number and percentage

All patients Neurological Symptoms

(n=280) Non-Severe (n = 70) Severe (n=10) p-value*
Age (Years) 434420 452+ 2.1 300£35 0.00
Gender (% female) 38 (47.5) 32 (45.7) 4 (40) 0.39
Ethnicity: 0.03

Arab 25(313) 24 (343) 1(10)

Jews 54 (67.5) 46 (66.7) 8 (80)

Others 1(1.3) 0 1(10)

Smokers 6 (7.5) 6 (8.9) 0 (0) 0.196
Chronic Carbamazepine users 67 (83.8) 59 (84.3) 8 (80) 0.32
Indications for carbamazepine:

Epileptic seizures 50 (62.5) 47 (67.1) 4 (40) 0.09

Psychiatric disorder 27 (33.7) 20 (28.5) 7 (70) 0013

Neuropathic pain 4 (5) 4(5.7) 0 (0) 0.29

Others® 5(6.2) 5@7.0) 0 (0)

*P-value was calculated by t-tests for continuous variables and Chi-square test for ordinal variables

?Others- primary sclerosis, psychomotor retardation and accidental ingestion



Hirsch et al. BMIC Pharmacology and Toxicology (2020) 21:47

Page 4 of 8

% Without Severe neurological symptoms (n=70)

% With severe neurological symptoms (n=10)

Fig. 1 Carbamazepine intoxication- clinical characteristics of study subjects with and without severe neurological symptoms. *all p-value< 0.05

m Psychiatric
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for carbamazepine in patients without severe neurological
symptoms was epileptic seizures (68%) (p =0.09) (Table
1). No other differences in background diseases or base-
line characteristics were found between the groups. There
was no significant difference in the rate of chronic carba-
mazepine users between those who suffered severe neuro-
logic symptoms and those who did not.

Other medications in addition to carbamazepine that
affect the central nervous system were used in 66% of all
patients: Thirty-five percent were treated with another
antiepileptic drug, and 27% were treated with a benzodi-
azepine (Table 1).

Clinical presentation of carbamazepine intoxication

The clinical manifestations of carbamazepine intoxica-
tion are presented in Table 2. A suicide attempt was ob-
served in 36% of patients. Thirty-two patients (40%) did
not have neurological symptoms, 38 patients (47.5%)
had non-severe symptoms and 10 (12.5%) had severe
neurological symptoms.

Concomitant CNS medications were used by 61% of
patients without severe neurological symptoms and
100% of patients with severe neurological symptoms
(p = 0.003). Specifically, higher proportions of benzodiaz-
epines (p = 0.002), (odds ratio 8.6, 95% confidence inter-
val: 2.0-37.1, p=0.004) and antidepressants use (p =
0.009), (8.7, 1.8-41.2, p = 0.007) were observed (Fig. 2).

Carbamazepine concentrations and clinical presentation
In patients with severe neurological symptoms, mean
carbamazepine level was 40.0 11.07 mcg/ml and
24.39+1.19 mcg/ml in patients without severe symp-
toms (p = 0.19) (Table 2).

Carbamazepine level above 30 mcg/ml was observed
in 6 (60%) patients with severe neurologic symptoms, as
compared with only 11 (15.7%) patients without severe
symptoms (p =0.004), (odds ratio 8.1, 95% confidence
interval: 1.9-33.23, p = 0.004).

Management of carbamazepine intoxication

The management of patients is presented in Table 2.
Mechanical ventilation was required in 7.5% of the pa-
tients and 12.5% required respiratory support. Oxygen
saturation was measured in 56 subjects. The mean oxy-
gen saturation in these patients was 94.3% + 1.1. Among
the 10 patients with severe neurological symptoms,
mean oxygen saturation was 89.88%, while among pa-
tients without severe neurological symptoms it was
95.08%. Cardiac arrhythmia, most commonly sinus
tachycardia, was found in 10% of all patients.

Treatment included active charcoal in 28% of patients
and gastric lavage in 14%. Clinical monitoring in the
ICU was performed in 20% of all patients. The average
length of hospital stay in all patients was 5.9 + 1.2 days.

Among patients with severe neurological symptoms as
compared to patients with no severe symptoms, more
patients required respiratory support and ICU admission
[5 (50%) vs 5 (7.1%) (p=0.002), and 6 (60%) vs. 10
(14.3%) (p=0.002), respectively]. No significant differ-
ence was found in the rate of cardiac arrhythmias, car-
diovascular indices, or the average duration of
hospitalization.

Multivariate analyses

In order to evaluate the combined contribution of CNS
affecting medications on severe neurological presenta-
tion, logistic regression was performed including carba-
mazepine concentration above 30 mcg/ml and the
consumption of antidepressants or benzodiazepine, med-
ications that were associated with this outcome in uni-
variate analysis (Table 2).

As multivariate logistic regression with fewer than 5
events per variable frequently results in biased estimates
[11], we examined models including benzodiazepines
and antidepressants consumption separately, each in
combination with carbamazepine concentration above
30 mcg/ml (Table 3).
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Table 2 Clinical presentation, management and clinical outcomes of patients with carbamazepine intoxication. Continuous variables
are presented as average + SEM, ordinal variables are presented as number and percentage

All patients Neurological Symptoms P value
(n=280) Non-severe Severe
(n=70) (n=10)
Neurological Presentation:
No symptoms 11 (138) 11 (159 0(0)
Drowsiness 58 (72.5) 58 (84.1) 0 (0)
No response to voice/pain 10 (12.50) 0 (0) 10 (100)
CBZ level 263+18 244+12 400£11.1 0.19
(Average, mcg/mL)
CBZ level (mcg/ml): 0.03
18-20 41 (512) 38 (54.3) 3 (30)
20-30 22 (27.5) 21 (30) 1(10)
30-40 10 (12.50) 6 (8.6) 4 (40)
> 40 7 (8.8) 5(.0) 2 (20)
Carbamazepine dose (acute ingestion, mg) 3623.1 +568.0 33383 +581.9 5982.9 +2064.9 0.15
(n=65) (n=58) (n=7)
Suicide attempt 28 (36) 22 (314) 7 (70) 0.02
Other CNS medications: 53 (66.2) 43 (61.4) 10 (100) 0.003
Benzodiazepines 22 (27.5) 15 (214) 7 (70) 0.002
Anti-epileptics 28 (35) 26 (37.1) 2 (20) 0.27
Anti-psychotics 12 (15) 9(12.9) 3 (30) 0.19
Anti-depressants 9(11.2) 5(7.1) 4 (40) 0.01
Analgesics 3(3.7) 229 1(10) 034
Anti-parkinsonians 2 (2.5) 2 (29 1(10) 0.34
Vital signs on presentation:
Systolic blood pressure (mmHg) 1372428 1383+3.0 1290+59 0.28
Diastolic blood pressure (mmHg) 795+16 80.1+1.7 753+50 033
Heart rate (BPM) 89.5+20 88.1+20 99.1+£6.9 0.07
0O, Saturation% (n = 56) 943+ 1.1 95.1+06 89.9+64 044
ECG abnormalities® 8 (10) 6 (8.6) 2 (20) 052
Management:
Activated charcoal 22 (27.5) 17 (24.3) 5 (50) 0.11
Nasogastric tube 26 (33) 19 (27.5) 7 (70) 0.01
Mechanical ventilation 6 (7.5 2 (29 4 (40) 0.0001
ICU admission 16 (20) 10 (14.3) 6 (60) 0.002
Hospital stay (days) 59+1.17 54+129 88+2.1 034

*P-value was calculated by t-tests for continuous variables and by Chi-square test for ordinal variables
@ ECG abnormalities, including: Prolonged QTc, T wave changes, AV Block, Atrial Flutter, AF, Bradycardia

In a model including antidepressants use and carba-
mazepine concentration above 30 mcg/ml (Table 3), an-
tidepressants use increased the odds of severe
neurologic manifestations 6.7-fold (1.2-36.5) (p = 0.029),
and carbamazepine levels higher than 30 mcg/ml in-
creased the odds 6.67- old (95% CI 1.5-29.9) (p = 0.013).

In a model including consumption of benzodiazepines
and carbamazepine concentration above 30 mcg/ml
(Table 3), benzodiazepines use increased the odds of

severe neurologic manifestations 9.8-fold (1.9-50.0) (p =
0.006) and levels higher than 30 mcg/ml increased the
odds of severe neurologic manifestations 9.3-fold (95%
CI 1.9-46.6) (p = 0.007).

Multivariate logistic regression analysis was performed
to identify the effect of CNS affecting medications on
ICU admission. In the analysis, carbamazepine concen-
tration above 30 mcg/ml and use of antidepressants in-
creased the odds of ICU admission [(12.5- (3.3-47.5),
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Fig. 2 Carbamazepine intoxication- concomitant medications and carbamazepine concentrations among patients with and without severe

(p=0.001), and 5.7(1.01-31.7) (p =0.049), respectively],
while the use of benzodiazepines was not associated with
the odds of ICU admission.

Discussion

In this study, we found that carbamazepine levels higher
than 30 mcg/ml and benzodiazepines and antidepres-
sants exposures were associated with the odds of severe
neurological symptoms during carbamazepine intoxica-
tion, while ICU admission was associated with carba-
mazepine levels and antidepressants exposure, but not
with benzodiazepines use. This suggests that carbamaze-
pine levels and antidepressants exposure, as compared
to benzodiazepines exposure, may have an important
role to play in the decision-making process regarding pa-
tients” hospital placement.

Carbamazepine level associated with severe neuro-
logical manifestations in our study was 30 mcg/ml,
which is lower than the concentration previously re-
ported to be associated with a severe neurologic presen-
tation in adults [3] . This may be related to the high rate

of combined drug exposure (66%) in our population, po-
tentially resulting in pharmacodynamic and/or pharma-
cokinetic interactions with carbamazepine.

Our findings that antidepressants, benzodiazepines use
and carbamazepine concentration above 30 mcg/ml were
independently associated with severe neurological mani-
festations support our hypothesis that concomitant CNS
affecting medications increase the risk of severe manifes-
tations during carbamazepine intoxication. These find-
ings suggest that multidrug intoxication affects the
clinical presentation of carbamazepine intoxication.

Combined intoxication may reduce the threshold for
neurological manifestation in various clinical settings. For
example, the pharmacodynamic interaction between ben-
zodiazepines and alcohol, resulting in more severe neuro-
logical signs even in relatively low benzodiazepines doses,
has been previously reported [12]. A pharmacodynamic
interaction between carbamazepine and benzodiazepines
is supported by shared activity on the GABA-A receptor
[13] . Pharmacokinetic factors could also affect our results.
Both carbamazepine and benzodiazepines are at least

Table 3 Models for the effect of multi drug exposure on severe neurological manifestations during carbamazepine intoxication.
Independent variables include carbamazepine concentration > 30 mcg/ml, consumption of antidepressants, or consumption of

benzodiazepines

Model —2 Log likelihood Variables in model
OR (95% Confidence Interval) p-value
CBZ>30 AntiDEP BZD
CBZ>30 51.87 8.1 (1.9-33.3) p=0.004 - -
CBZ > 30, AntiDEP 47.35 6.7 (1.5-29.9) p=0.013 6.6 (1.2-36.5) -
p=0029
CBZ>30, BZD 43.20 9.3 (1.9-46.6) p=0.007 - 9.8 (1.9-50.0p = 0.006

CBZ > 30 Carbamazepine concentration above 30mcg/ml
BZD Benzodiazepines
AntiDEP Antidepressants
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partially metabolized by the same hepatic enzyme, Cyto-
chrome P-450 (CYP3A4), although carbamazepine is also
an inducer of this enzyme. Therefore, a competitive inhib-
ition can result in increased plasma concentrations of
carbamazepine and/or benzodiazepines.

In contrast to the factors related to severe neurological
symptoms, ICU admission was associated with carba-
mazepine levels and antidepressants use, but not with
benzodiazepines use. This suggests that carbamazepine
levels and antidepressants use, as compared to benzodi-
azepines exposure, may have an important role in the
decision-making process regarding patients’ hospital
placement.

Psychiatric background disorders were associated with
higher carbamazepine plasma concentration and severe
neurological symptoms. This could be related to high
carbamazepine doses used in suicide attempts in this
population. However, our findings, that benzodiazepines
and antidepressants use were associated with risk for se-
vere neurological manifestation independently from
carbamazepine concentration above 30 mcg/ml, suggest
that the impact of benzodiazepines and antidepressants
use is not the result of higher carbamazepine doses dur-
ing suicide attempts, and may be mediated by the effects
of these drugs in the CNS.

We observed an ethnic difference in the severity of
toxicity. We are not aware of a difference in carbamaze-
pine metabolism that could contribute to the difference
observed. A careful pharmacokinetic study comparing
carbamazepine pharmacokinetics in Arabs and Jews can
elucidate this issue.

Our study has several limitations. Our population in-
cluded patients whose routine monitoring of carbamaze-
pine levels was performed in a hospital laboratory
serving both ambulatory and hospital patients, thus it is
likely that the study population included more severe
cases than the general population of patients treated
with carbamazepine.

Since the data collected represent ‘real-life’ conditions
during acute intoxication, the timing of carbamazepine
ingestion might have not been reliably reported. How-
ever, it can be assumed that carbamazepine concentra-
tions were measured close to the peak of symptoms and
therefore may correlate with the drug’s peak level. The
intake of co-ingestions was based on documentation of
medical history and was not analytically confirmed.
Since carbamazepine’s active metabolite 10,11epoxide
concentration is not routinely measured in our hospital
we did not evaluate its effect on the course of clinical
symptoms of intoxication.

The true incidence of ECG changes might have been
underestimated in our study due to the incomplete
documentation and description of ECG findings. Also,
GCS [14] or Reed Scale was not always available. Thus,
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we defined severe neurological manifestations of carba-
mazepine intoxication according to the presence of
major neurological symptoms/signs that reflect severe
neurological insult.

Conclusions

The use of medication combinations in medical therapy
and suicide attempts is common, but there is insufficient
data regarding their effect on carbamazepine concentra-
tion associated with severe neurological manifestation of
intoxication. In this study, we found that the use of anti-
depressants or benzodiazepines independently from
carbamazepine concentration above 30 mcg/ml was sig-
nificantly associated with severe neurological manifesta-
tions. This carbamazepine concentration is somewhat
lower than the previously reported levels in adults.
These results highlight the importance of ascertaining
patients’ history such as benzodiazepine and antidepres-
sant use, in addition to carbamazepine blood levels,
when evaluating carbamazepine overdose and assessing
the need for ICU monitoring in multidrug carbamaze-
pine toxicity.
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