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Abstract This study examines the relation between
seizure and plasma tramadol concentration in patients
with tramadol poisoning, as a novel centrally acting
analgesic used for the treatment of mild to severe pain.
All patients admitted with a history of tramadol overdose
accompanied by unconsciousness or seizures referred to
Baharloo Hospital Poison Center, Tehran, Iran from March
2008 to March 2009 were included. Demographic infor-
mation, clinical findings, and blood tramadol concentra-
tions were studied. There were 401 patients with a history
of tramadol overdose; 121 (30.2%) with a history of
seizure and 14 (3.5%) with a history of unconsciousness
were included. Most of overdoses involved men (83%).
The mean age was 22.9 years (range, 14–50 years).
Intentional overdose was the most common mode of
poisoning (51.9%). The mean dose ingested was 1,511 mg
(SD, 1,353; range, 200–7,000). Mean back-extrapolated

tramadol blood concentrations were 3,843 ng/mL (3,715;
269–20,049). Back-extrapolated blood concentrations
were correlated with dose (r=0.313; P<0.001) as well as
blood concentration levels (r=0.801; P<0.001). Seizure
was significantly correlated to higher reported dose
(P<0.001) and tramadol only to overdose (P<0.001).
However, it was neither related to higher tramadol blood
concentrations, nor related to time elapsed, age, sex,
history of addiction, and observed Glasgow Coma Scale
of patients. Most patients experienced just one seizure
(76%). The tramadol-induced seizure is dose dependent.
Although higher doses of tramadol was related to higher
blood concentration, blood tramadol concentrations was
not associated with seizure.
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Introduction

Tramadol is a novel centrally acting analgesic used for the
treatment of mild to severe pain [1, 2]. It has been approved
in some countries since 1980 and become the most
prescribed opioid worldwide [3, 4]. Tramadol was autho-
rized by the Iran Drug Selecting Committee in 2002 as an
analgesic. During this period, it has been abused especially
by the younger population [5].

Tramadol binds weakly to the μ-opioid receptor and also
inhibits reuptake of monoamines such as serotonin and
norepinephrine [2–5]. Most of the analgesic effect of
tramadol may be secondary to non-opioid properties, via
the central monoaminergic pathways. The most common
route of administration of tramadol is oral, and its volume
of distribution is about 3 L/kg.

Opioid dependency, overdose, and related complications
are common in Iran in various age groups and gender [6, 7].
In recent years, tramadol overdose has become one of the
most common causes of poisoning admissions to emergen-
cy departments in this country [5, 8–10]. An increased rate
of seizure due to tramadol poisoning has also been
observed. It is reported that 15% to 35% of patients with
tramadol overdose experience seizure [5, 11]. The exact
mechanism of tramadol in induction of seizure remains to
be elucidated yet. Research indicates that in high concen-
trations tramadol exerts an inhibitory effect on gamma-
aminobutyric acid (GABA) receptors [12, 13]. Inhibition of
GABA receptors has been found to potentiate the severity
of seizures in animal models [13, 14]. In addition, GABA
receptor inhibition induced by tramadol can be secondary to
its opioid receptor agonist activity [13], and continuing this
agonist activity on opioid receptor has been proven to
precipitate seizure due to inhibition of GABA pathways
[15, 16]. In addition to overdose, seizures have been
reported in patients receiving tramadol at recommended
doses [17]. Tramadol may also increase the seizure risk in
patients receiving other medications such as tricyclic
antidepressants, phenothiazines, and selective serotonin
reuptake inhibitors [11]. While tramadol-related seizures
can be controlled by diazepam, they are not responsive to
naloxone, and tramadol-induced seizures can be precipitat-
ed by administration of naloxone, at high tramadol doses
[18].

The analgesic effect of tramadol is dose dependent. The
relation between serum concentrations and analgesia varies
between individuals [1, 5]. It is estimated that serum
concentrations of 100 to 300 ng/mL are needed for
analgesia [3–5, 19].

In medical literature, no study in regard to blood
concentrations of tramadol-induced seizures is available.
The aim of this study is to find relation between seizure and
plasma tramadol concentration in patients with tramadol

overdose. Since Baharloo hospital in Tehran is one of the
referral hospitals for treatment of poisoned patients, data
obtained from this center can be extrapolated to other parts
of the country [20].

Methods

Tehran University of Medical Sciences review board
approved the ethical aspects of the study in a prospective
case series with tramadol overdose. The study was done in
Baharloo Hospital Poison Center, Tehran, Iran from, 21st
March 2008 to 21st March 2009.

This was a prospective observational study. All patients
who admitted to the hospital with a history of tramadol
overdose confirmed to ingest more than the recommended
therapeutic dose and experiencing a seizure or loss of
consciousness were included in the study.

Data were collected in a predesigned questionnaire,
which was completed by one of the clinical toxicology
residents who was blind to the outcome of the analysis.
Information was obtained from conscious patients if
possible and from their relatives. Validity of data collection
was controlled by one of the consultants for the first ten
cases. During study period, a total of 401 patients with a
history of tramadol overdose were admitted and treated in
the emergency department. Of these, 266 were mild cases
(fully alert without any signs or symptoms of poisoning
before admission and after adequate remaining in the ED)
who were managed as outpatient and excluded from final
analysis. Declaring tramadol and co-ingested compounds as
the cause of overdose were considered enough to include
the subjects in the study. Demographic information, cause
of poisoning, ingested dose, time elapsed from ingestion,
seizure, history of tramadol abuse, history of illicit abuse or
dependency, previous history of suicide, frequency of
seizures, family history of seizure, previous history of
tramadol poisoning, and co-ingestion were collected at the
time of admission. Glasgow Coma Scale (GCS) on
admission was also documented by the residents.

Patients received supportive, symptomatic, and conserva-
tive treatments under the direction of the treating physician,
including gastrointestinal decontamination, activated char-
coal, diazepam, chlordiazepoxide, naloxone, and fluids.

Blood samples for tramadol measurements were collect-
ed on admission and the elapsed time between ingestion
and blood sampling was recorded. Gas chromatography
(YOUNGLIN, 2000, KOREA) was used to measure plasma
tramadol concentration. Standard curves from 100 to
10,000 ng/mL concentration were used to estimate plasma
tramadol levels.

Blood levels at the time of tramadol use were calculated
via back extrapolation to the time of ingestion using
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information from healthy volunteers of the same population
[21]. All calculation was performed manually with the help
of Microsoft® Office Excel 2003. Further analysis has been
performed using these estimated blood levels.

Prevalence of seizure was calculated based on all cases.
All cases with seizure were admitted. The rest of the
measurements were presented from admitted cases.

Appropriate parametric and non parametric tests were
used. Two tailed tests with a P value less than 0.05 were
considered to be statistically significant.

Results

Demographic

One hundred thirty-five cases were included in this study,
of them, 121 (30.2%) patients had a history of a witnessed
seizure and 14 (3.5%) patients had a history of loss of
consciousness.

Most of the patients were men (83%) with a mean age
of 22.9 years (range, 14 to 50 years). Young adults (21–
30 years) comprised 50% of cases and 43% of cases
were 11–20 years old. There were no significant
difference between males and females in terms of age,
reported tramadol dose, time between ingestion, seizure,
and GCS.

Intentional overdose was the most common type of
poisoning (51.9%), followed by recreational abuse (29.6%),
replacement for opioid agents (7.4%), other therapeutic
purposes (7.4%) and accidental poisoning (3.7%) (Table 1).
The route of poisoning in all patients was oral.

Past Medical History

Among 135 cases, 30 patients (22.2%) had a history of
previous admission due to tramadol poisoning. Sixteen of
these 30 patients (53.3%) reported a previous history of
seizure due to tramadol poisoning. History of previous

seizure and history of admission due to tramadol poisoning
were significantly correlated (P=0.01). Family history of
seizure was reported in 2% of cases.

A history of chronic tramadol abuse was found in 25%
of cases. Opioid dependency was reported in 20% of cases.
The most commonly used illicit agents were opium (31%),
crack-heroin (23%), crystal heroin (3%), heroin (2.2%),
cannabis (2.2%), and others (1.5%). Thirty patients (22.2%)
reported history of previous suicide attempt.

A benzodiazepine drug was co-ingested in ten patients.
One of these had a positive family history of seizure; one
had a previous history of seizure; and two cases had a
history of previous poisoning with tramadol and admission
to hospital. Among these ten cases, four (40%) had seizure,
one episode only in each case.

Blood Tramadol Concentrations

The mean (SD; Min–Max) reported dose was 1,511 mg
(1,353 mg; 200–7,000 mg). Time elapsed between inges-
tion and blood sampling was 5.2 (3.1; 1–16.5) h. Mean
back-extrapolated tramadol blood concentrations were
3,843 (3,715 ng/mL, 269–20,049 ng/mL). In all patients,
extrapolated blood tramadol concentrations were signifi-
cantly related to reported dose (r=0.318, P<0.001). The
reported tramadol dose in relation to extrapolated blood
tramadol levels is shown in Fig. 1. Extrapolated blood
tramadol levels in patients with or without seizure are
shown in Fig. 2. The results are clustered based on the
gender of patients. Mean tramadol blood concentrations in
males were higher, 4,029 (3,945) ng/mL, but not signifi-
cantly different from females 2,969 (2,211) ng/mL. Back-
extrapolated blood concentrations was correlated with
reported dose (r=0.313, P<0.001) as well as blood

Table 1 Distribution of admitted cases according to the etiology of
tramadol abuse

Etiology of tramadol abuse Frequency (%)

Intentional 70 (51.9)

For euphoria 40 (29.6)

Replacement of opioid 10 (7.4)

Therapeutic 9 (6.9)

Accidental 5 (3.7)

Other 1 (0.7)

Total 135 (100) Fig. 1 Reported tramadol dose in relation to blood tramadol
concentration (n=131)
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concentration (r=0.801, P<0.001). Age, reported dose,
time elapsed between ingestion, and blood samplings were
not significantly different between males and females.
Thirteen percent of these cases co-ingested other medica-
tions or chemicals, from which benzodiazepines were the
most common (Table 2).

Clinical Findings

Mean GCS on admission was 14 (1.2; 7–15); most of
which referred while fully alert with GCS of 15 (56.3%).

Prevalence of seizure in the entire group of patients with
tramadol overdose was 30% which happened on average
2.6 (2.0; 0.3–12) hours after exposure; however 95% of
seizures occurred in the first six hours after ingestion.
Seizure was significantly correlated to higher reported dose
(P<0.001) and tramadol-alone overdose (P<0.001). Sei-
zure was not correlated to higher blood tramadol concen-
trations (P=0.104), nor related to time elapsed, age, sex,
history of addiction, and observed GCS of patients.

Majority of patients experienced one episode of seizure
(76%), followed by two episodes in 11.9%. In 2% of cases,
three or more episodes were observed.

Discussion

We observed that intentional overdose was the most
common mode of tramadol poisoning in our study
population. Young males were involved more frequently
than females, which is in agreement with other studies in
Iran and other countries [5, 9, 22]. The results show that
ingestion of tramadol was the only route of intoxication.
This is probably because tablets are widely available in
Iranian private pharmacies [23]. Dispersion of injectable
forms of tramadol is limited to non-private pharmacies and
hospitals.

Among cases, 45% were long-term abusers of tramadol,
indicating the potential for abuse. This finding is in contrast
with some other reports in which tramadol has been
reported to have low risk for abuse [24]. In Iran, however,
tramadol has been reported to be increasingly abused by
opioid dependent subjects [8]. It seems that the higher
prevalence of tramadol abuse in this country may be
because of less availability of other legal opioids such as
hydrocodone or oxycodone.

In this study, 20% of cases were opioid dependent or
abusers of other illicit agents at the same time, particularly
opium. This is probably due to high availability of illicit
opioids in Iran [6].

Seizure occurred in almost one third of tramadol over-
doses (135 out of 401), which is inconsistent with previous
reports [5, 9, 25]; although lower prevalence of seizure has
been reported [8, 26]. In this study, the smallest reported
dose associated with seizure was 200 mg (was seen in four
patients). This is lower than previously published studies, in
which the smallest dose of tramadol-associated seizure was
reported to be 300 mg [5, 27].

Seizures caused by tramadol are typically of tonic–clonic
type [5, 9, 25], despite the fact that tramadol at clinically
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Fig. 2 Blood tramadol concentration in patients with or without
seizure. The results are clustered on the basis of gender of patients
(extreme cases are omitted from the figure; n=131)

Table 2 Co-ingested drugs among admitted cases (n=17)

Drug Frequency (%)

Benzodiazepine 10 (58.8)

NSAIDs 3 (17.6)

Methyl amphetamine 2 (11.8)

Tricyclic antidepressant (TCA) 1 (5.9)

Acetaminophen 1 (5.9)

Total 17 (100.0)

NSAIDs nonsteroidal anti-inflammatory drugs
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relevant doses may slightly suppress the severity of seizures
[27]. Much of the toxicity in tramadol overdose can be
attributed to the monoamine uptake inhibition rather than
its opioid effects [8].

In the present study, time of seizure varied from 20 min
to 12 h post-ingestion; however, 95% of seizures occurred
in the first 6 h after ingestion, which is in agreement with
studies conducted by Mehrpour et al. [28], Marquardt et al.
[27], Jovanović-Cupić et al. [24], and Talaie et al. [9].

Single seizure was the most frequent one that happened
in 84.3% of cases while multiple seizures were seen in
15.7% of cases, which is similar to other studies [24].

Previous history of seizure was reported in 15% of the
patients. Although this implies that it is a risk factor for
seizure, previous seizure in 16 patients of these 21 patients
was because of previous tramadol poisoning. In our study, just
1.5% of cases had family history of seizure. Although it seems
a weak risk factor for occurrence of seizure in these patients,
prescribing tramadol for patients with previous history of
tramadol poisoning should be performed cautiously.

We observed co-ingestion in 13% of cases. Other studies
have shown that co-ingestion with tramadol increases the
risk of poisoning including seizure in cases of tricyclic
antidepressants and SSRIs co-ingestions [11]. There is
evidence that mortality due to tramadol poisoning is higher
when co-ingested with benzodiazepine [1, 5]. In our study,
the most co-ingested medications were benzodiazepines.
No deaths, however, observed in this case series.

In our study, back-extrapolated tramadol blood concen-
trations varied from 269 to 20,049 ng/mL with a mean
concentration of 3,843 (3,715) ng/mL. Majority of similar
reports evaluated postmortem blood tramadol levels [29, 30].

Seizures were more frequent in higher reported doses
suggesting seizure as a dose-dependent characteristic of
tramadol overdose. Reported ingested dose and blood
tramadol concentration were also correlated, but there was
poor correlation between seizure and blood tramadol
concentration. As a result, reported dose of tramadol
overdose seems to be a good indicator to predict seizure
in our population. This is not consistent with a previous
report [9]. Also, we found that seizure is not gender related
and previously proposed relation to younger ages is
questionable. These observations are inconsistent with
some previous reports [25, 26]. Blood tramadol concentra-
tion was much higher in males maybe because males are
more prone to drug dependency, abuse, and tolerance.

Although seizure happened in some cases with low
blood tramadol levels, it did not occur in some cases with
high blood tramadol concentrations. The reasons remained
unclear, but drug dependency and tolerance may play a role
in this regard. Applied methodology for translating phar-
macokinetic data on toxicokinetic data could be imperfect.
Additionally, the actual relationship between the dose and

seizure could be weak. Tramadol which is used in Iran is an
immediate release racemic product. There is no report in
literature about any difference in kinetic between chronic
users and nonchronic users. Tramadol is a racemic mixture
of enantiomers of tramadol: (+) and (−) tramadol. Each of
these enantiomers has different affinity for the mu and delta
receptors and also their effects on the serotonin and
norepinephrine reuptake. Therefore, depending upon their
ratio, they affect seizure threshold differently. As a
limitation of this study, the current analysis of GC method
cannot distinguish between different isomers. On the other
hand, since tramadol is metabolized in the liver and
eliminated through the kidney, any renal or liver insuffi-
ciency may affect seizure threshold or incidence, but the
present cases did not have those kinds of disorders. In
addition, since metabolism of tramadol by the liver is prone
to genetic polymorphisms, any co-ingested drug with
potential to affect CYP enzymes will affect peak blood
levels. This is also a concern that needs to be answered by
further studies.

Tramadol is metabolized to its active metabolite, o-
desmethyltramadol, plus multiple non-active metabolites.

O-Desmethyltramadol has a different affinity for the
receptors and biogenic amine reuptake and may affect
seizure threshold. Unfortunately, we cannot assay blood
concentration level of O-desmethyltramadol in this study. It
was another limitation of this study.

Formation of the O-desmethyltramadol metabolite is
mediated mainly by cytochrom P450 2D6 (CYP2D6).
CYP2D6 is the most highly polymorphic isoenzyme of
the cytochrom P450-system.there is significant genetic
polymorphism affecting the CYP enzymes in humans. This
enzyme is deficit in about 10% of population. This enzyme
genetic polymorphism may affect tramadol metabolism and
peak blood levels. These pharmacodynamic issues (genetic
polymorphism, different enantiomers, co-ingestion, differ-
ent affinity to the receptors, and metabolism) could be the
reason why we could not show a strong relation between
tramadol blood level and occurrence of seizure in this study.
Applying back-extrapolated dose to the time of exposure in
poisoned patients is subjected to many confounders
including the variable rate of absorption due to the
ingestion of food, prior tolerance in addict cases, or
potential interpersonal variability in regard to the kinetic
study of tramadol. This model, however, was fixed
according to kinetic data from a similar population. In
addition, as concentration of tramadol was measured once,
and time elapsed from exposure were different, this
methodology is probably best estimates the true values.

In conclusion, tramadol-induced seizure is dose depen-
dent. Gender and age of patients play no role in prevalence
of seizures. Tramadol, similar to other opioids with unique
structures such as dextropropoxyphene, which has shown to
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be much more fatal in overdose [31, 32] should be
prescribed more cautiously particularly in opioid abusers
and cases prone to intentional overdose and seizure.
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