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O Abstract—Background: As the prevalence of tramadol
toxicity is increasing, managing these patients with the aim
of treatment and complete recovery has become a ma-
jor challenge for health care professionals. Objective: This
study evaluated the short-term effects of IV lipid emulsion
(ILE) administration in cases of tramadol poisoning. Meth-
ods: In this double-blind, randomized controlled trial, 120
patients with pure tramadol poisoning and a Glasgow Coma
(GCS) score < 12 referred to a poisoning center in Tehran,
Iran were selected and randomly assigned 1:1 to receive
ILE 20% (intervention) or 0.9% saline (control) after ad-
mission and primary stabilization. The patient’s vital signs,
GCS score, hospitalization duration, and rate of seizure
occurrence were recorded and compared between the two
groups. Results: Mean (SD) age of participants was 25.3 (5.4)
years and 84 (70%) were male. Mean (SD) ingested dose of
tramadol was 3118 (244) mg, which was not different be-
tween the groups. Compared with controls, the ILE group
had a higher level of consciousness after treatment (median
[interquartile range] GCS score 12 [10-13] vs. 10 [8-12];
p = 0.03). In addition, length of hospitalization (median [in-
terquartile range] (2 [1-3] days vs. 4 [4-6] days; p < 0.01)
and rate of seizure occurrence were lower in the interven-
tion group (16/60 vs. 30/60; p < 0.01). Conclusions: In the
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setting of tramadol poisoning with a decreased level of con-
sciousness and based on our study’s findings, administration
of ILE is suggested to help manage patients in hospital emer-
gency departments. However, larger trials might be needed
to confirm these findings before entering the guidelines. ©
2023 Elsevier Inc. All rights reserved.

0 Keywords—IV lipid emulsion; poisoning; tramadol; ran-
domized controlled trial

Introduction

Tramadol is a synthetic analgesic with a direct effect
on the central nervous system (CNS). Although it is
considered an opioid due to its active metabolite O-
desmethyl-tramadol, which is the mu receptor agonist,
it is commonly prescribed for moderate to severe pain
relief, as it is considered safer than other opioids be-
cause of its low probability of respiratory depression and
low potential for dependence and abuse (1,2). Some re-
ported adverse effects of tramadol include tachycardia,
hypertension, seizure, respiratory depression, agitation,
CNS depression, and serotonin syndrome (3—7). The max-
imum recommended dose of tramadol is 400 mg daily,
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but some of its complications, such as seizures, can occur
even at the therapeutic dose (1,2,8). The high availabil-
ity of tramadol in the Middle East has contributed to
its growing use in this region (1,9). In Iran, tramadol
poisoning or abuse is a very common scenario among
patients in poisoning emergencies, with a prevalence of
13.1% among all patients with drug poisoning, in addi-
tion to seizure and mortality rates of 34.6% and 0.7%,
respectively (10). The liver metabolizes tramadol via N-
and O-demethylation—-mediated cytochrome P450 path-
ways (particularly CYP2D6) and is primarily excreted
through the kidneys (6). The frequency of rapid metab-
olizers in Iran varies from 12% (reported in the Eastern
Mediterranean area) to 21% (reported in Saudi Arabia),
depending on their geographical origin, due to genetic
differences (11).

IV lipid emulsions (ILEs), initially developed for
parenteral nutrition, have indicated effectiveness in the
treatment of local anesthetic systemic toxicity (LAST)
(12—14). The evidence supports the use of ILEs in LAST
resuscitation, to the extent that the American Society of
Regional Anesthesia and Pain Medicine advised ILE for
local anesthetic—-induced cardiotoxicity (15). The role of
ILEs in reversing the adverse effects of poisoning with
various systemic drugs has been an issue of interest in
clinical toxicology. Although many studies have inves-
tigated the role of ILE in several drugs and substances
such as cocaine, calcium channel blockers, S-blockers,
organophosphates, digoxin, non—local anesthetics drugs,
and psychotropic agents, one randomized controlled trial
(RCT) and an animal investigation found ILE reduced
seizure and mortality from acute tramadol toxicity, re-
spectively (16-21). Administration of ILE has gained
interest in recent years in clinical settings as well. In terms
of antipsychotic drugs, ILE had a positive impact on pa-
tients’ Glasgow Coma Scale (GCS) score and length of
stay after clozapine poisoning (22). Consistent with this,
an RCT reported the safety and efficacy of ILE admin-
istration in antipsychotic-related poisoning (23). In line,
another randomized trial evaluated the effect of ILE in
non-local anesthetic drug poisoning, which found an as-
sociation between ILE and increased GCS score (24).
In addition, the positive impacts of ILE administration
in metoprolol were reported in a human experimental
model (25). ILE has also been trialed in patients with alu-
minum phosphide poisoning (18,26). Finally, concerning
organophosphate poisoning, two studies were performed
and found conflicting results (27,28).

However, there is still a lack of high-quality evidence
to support using ILEs to treat systemic drug poisoning,
especially tramadol. In this study, we sought to examine
the short-term effects of ILE administration in manag-
ing tramadol-intoxicated patients with decreased levels of
consciousness.

Materials and Methods
Study Design, Study Setting, and Population

This RCT included patients with tramadol poison-
ing who were admitted to the emergency department
of a university-affiliated referral poisoning center in
Tehran, Iran, from April 2019 to February 2021. Pa-
tients aged from 16 to 65 years, with a positive his-
tory of > 400-mg tramadol ingestion, a positive urine
screen test, clinical manifestation of tramadol poison-
ing, and GCS score < 12 (scale of 3-15) were included
in this study. The urine screen test qualitatively as-
sessed the presence of tramadol and several other drugs,
stimulants, and opioids separately (including tramadol,
methadone, morphine, amphetamine, methamphetamine,
tricyclic antidepressants, cocaine, cannabis, buprenor-
phine, and benzodiazepine). Patients were only included
if they had pure tramadol toxicity without any other
positive test. Dosing of the tramadol ingested was de-
termined via statements from bystanders, companions,
or family members; empty blister packs of tramadol
tablets found with the patient; or statements from the
emergency medical services team. This was double-
checked with the patient after gaining full consciousness.
Those for whom dosing could not be determined were
excluded.

Patients with respiratory depression were administered
naloxone at a starting dose of 0.05 mg every 1-2 min.
Patients with an improved level of consciousness and
respiratory depression after naloxone administration; pos-
itive drug tests other than tramadol; medical disorders
(e.g., diabetes; renal, hepatic, or cardiac diseases; cancer;
or AIDS), other conditions requiring particular nutri-
tion regimens that might interfere with body metabolism
and hence affecting ILE metabolism, and pregnant and
lactating women were excluded from the study. Any pa-
tients deemed high risk for ILE infusion (assessed on
the basis of medical history of hyperlipidemia and cere-
brovascular or coronary diseases) were excluded. Finally,
patients diagnosed with epilepsy or any other medi-
cal condition causing seizures were excluded from our
trial.

Ethical Considerations

The Research Ethics Committee of Tehran University
of Medical Sciences approved this study. Obtaining in-
formed consent from the patients was not possible due to
their decreased level of consciousness; written informed
consent was obtained from representatives of the pa-
tients after a brief explanation before participation in the
study.
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Figure 1. Study enroliment, distribution of studied patients, and seizure occurrence during hospital stay. GCS = Glasgow Coma

Scale; ILE = IV lipid emulsion.

Method of Determining the Sample Size

We calculated the sample size using G * Power
software, version 3.1.9.2, considering « equal to 0.05
and study power 0.8 for each group for the occur-
rence of seizure outcome, and considering possible
sources of reduction in the number of patients in each
group. A prior study found a seizure frequency of
35% in patients with tramadol poisoning (10). Us-
ing Russ Lenth’s power tool with an « of 0.05 and
power of 80%, an absolute reduction of 25% was
calculated.

Randomization and Allocation Concealment

In this study, 120 patients with pure tramadol poison-
ing and decreased level of consciousness were ultimately
studied. We performed randomization using computer-
generated random numbers. They were then randomly
allocated into the intervention or control groups (60 pa-
tients in each group) by applying the sequentially num-
bered, opaque, sealed envelopes method (29). Demo-
graphic characteristics, the ingested dose of tramadol, and
vital signs were recorded using a checklist at the time of
admission.

Intervention and Control Groups

In the intervention group, patients received 100 mL
ILE 20% infusion (SMOFlipid 20%, each 1000 mL con-
taining soybean oil, refined 60 g; triglycerides, medium-
chain 60 g; olive oil, refined 50 g; fish oil rich in omega-3
fatty acids 30 g; glycerol 25 g; purified egg phospho-
lipids 12 g; all-rac-a-tocopherol 163-225 mg; sodium
hydroxide to adjust pH at 8; sodium oleate 0.3 g; water
for injection to 1000 mL) as a bolus and a maximum of
250 mL in the following 15 min, in addition to routine
supportive care (such as mechanical ventilation, cardiac
monitoring, volume expansion, administration of ben-
zodiazepine drugs, and sodium bicarbonate), if needed
(18,30). The control group received 0.9% saline. All pa-
tients were blinded in their grouping because they were
not completely conscious at the time of ILE infusion.
In addition, the site study staff, investigators, and clini-
cal providers were all blinded to the allocated treatments.
To ensure the blinding of the health care team, a colored
sleeve was placed over the infusion bags for both ILE
serum and saline.

QOutcome Measurement

In this study, vital signs such as systolic and diastolic
blood pressure (SBP and DBP), pulse rate, respiratory
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depression (respiratory rate < 10 breaths/min or oxygen
saturation < 90%), body temperature, and GCS score of
the patients were recorded three times: at the time of ad-
mission and at 12 and 24 h after admission in two groups
(31). These were measured by the physician. Patients in
both groups were evaluated for clinical and laboratory
signs of hyperlipidemia (especially triglyceride levels >
400 mg/dL) for potential complications. In both groups,
the length of hospital stay, occurrence of seizure or its
recurrence, and other complications during hospital stay
were also reported. Seizure occurrence was assessed by
a bedside researcher who was an observer in the ward.
Length of hospital stay was obtained from electronic
health records of the hospital. Rhabdomyolysis was de-
termined on the basis of serum creatine kinase levels, as
the most sensitive indicator of myocyte injury (32). Pneu-
monia was defined on the basis of radiologic findings and
clinical signs and symptoms.

Statistical Analysis

The intention-to-treat method was used for analysis,
however, there was no crossover between the groups and
there were no missing data. Statistical analysis was per-
formed using SPSS software, version 22 (IBM Corp).
Data are presented as mean (SD) for normally distributed
variables or median (interquartile range [IQR]) for cate-
gorical and skewed variables. The x? test and Fisher exact
test were used to analyze the qualitative variables. The ¢
test and Mann-Whitney U test (according to the distribu-
tion of the quantitative variables) were also used for the
data analysis. For nonparametric variables (GCS and hos-
pitalization duration) Kruskal-Wallis H test was used. The
level of statistical significance was set at p < 0.05.

Results
Baseline Characteristics

As depicted in Figure 1, all 60 patients randomized
to ILE or saline were analyzed. Mean (SD) age of all
participants was 25.3 (5.4) years, without any significant
difference between intervention and control groups (23.2
[6.7] vs. 27.5 [4.0] years; p = 0.17). In the intervention
group, 40 were male; in the control group, 44 of the 60
patients were men (p = 0.42). The mean (SD) dose of in-
gested tramadol was 3118 (244) mg (range 400-10,000
mg) and was not significantly different between groups.
In addition, the median GCS scores were 10 and 9.5 in
the intervention and control groups, respectively. More-
over, baseline body temperature, SBP, DBP, and pulse rate
were similar in the groups. There was no difference in
the occurrence of seizures before randomization (26/60 in

the ILE group and 18/60 in the control group; p = 0.13).
Details of the baseline characteristics of patients are pre-
sented in Table 1.

Study Outcomes

Table 2 compares vital signs, GCS, length of hospital
stay, and rates of complications between the intervention
and control groups at 12 and 24 h after admission. In-
hospital seizure occurred in 16 of the ILE patients during
or after treatment, and in the control group, 30 patients had
seizures (p = 0.04). Moreover, the recurrence of seizures
was reported in 2 of the patients allocated to ILE com-
pared with 14 patients in the control group (p < 0.01)
(Figure 1).

The level of consciousness (based on GCS score) was
higher in patients receiving ILE 12 h after admission
(median [IQR] 12 [10-13] vs. 10 [8-12]; p = 0.03). In
addition, patients randomized to ILE had significantly
lower mean SBP (p = 0.04). One day after admission,
ILE patients had a higher GCS score (median [IQR] 14
[11-15] vs. 12 [9-14]; p = 0.02). Similarly, SBP and
DBP were both lower in the ILE group. No significant
difference was observed in pulse rate and respiratory
depression after 12 or 24 h. ILE administration was as-
sociated with a shorter length of hospital stay compared
with controls (median [IQR] 2 [1-3] days vs. 4 [4—6] days;
p < 0.01).

Outcomes in Patients Experiencing Seizures Before Ad-
mission

A comparison of patients experiencing seizures before
admission is presented in Table 3. There was no difference
between the ILE group and controls in GCS and SBP after
12 h of admission. However, the length of stay was signifi-
cantly lower in the ILE group (median [IQR] 3 [2-5] days
vs. 5 [4-7] days; p = 0.02).

Patients with respiratory depression at admission
were analyzed for assessment of hospitalization duration
(28/60 in ILE and 34/60 in the control group; p = 0.44).
In the subgroup of patients having respiratory depression,
patients receiving ILE had a significantly lower duration
of hospitalization compared with the control group (3 [2—
5] days vs 7 [6-8] days; p = 0.01).

All patients made a full recovery at discharge. No
blood lipid abnormality was reported for any of the pa-
tients.

Discussion

We investigated the effect of ILE administration in pa-
tients with acute tramadol poisoning. Tramadol intoxi-
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Table 1. Comparison of Patients’ Characteristics Between the Intervention and Control Groups at the

Time of Admission
Variable

Gender, n (%)

Male

Female
Age (years), mean (SD)
Delay from drug consumption to admission (h), mean
(SD)
Dose of ingested tramadol (mg), mean (SD)
Glasgow Coma Scale score, median (IQR)
Body temperature (°C), mean (SD)
Respiratory depression, n (%)
Occurrence of seizure before randomization, n (%)
Systolic blood pressure (mm Hg), mean (SD)
Diastolic blood pressure (mm Hg), mean (SD)
Pulse rate (beats/min), mean (SD)

IQR = interquartile range.

Intervention Group

(n = 60)

40 (33)

20 (17)
232(6 7)
7(1.3)

2840 (216)
10 (8-10)
37.1 (0.44)
28 (46.7)
26 (43)
129.7 (19.9)
80.5 (2.0)
105.2 (10.2)

Control Group  p Value

(n = 60)

44 (37)
16 (13)
27.5 (4.0)
4.3(1.2)

3397 (269)
9.5 (7-10)
37.3 (0.44)
34 (56.7)
18 (30)
127.7 (18.8)
83.2 (1.1)
102.1 (8.7)

0.42

0.17
0.12

0.37
0.51
0.11
0.27
0.13
0.68
0.83
0.64

Table 2. Comparison of Vital Signs, Glasgow Coma Scale, Duration of Hospitalization, and Rate of Com-
plications Between the Intervention and Control Groups 12 and 24 h after Admission

Variable Intervention Group Control Group p Value
(n = 60) (n = 60)

12 h after admission

GCS score, median (IQR) 12 (10-13) 10 (8-12) 0.03
SBP (mm Hg), mean (SD) 120.8 (10.2) 129.9 (14.1) 0.04
DBP (mm Hg), mean (SD) 771 (15.2) 82.4 (9.6) 0.58
PR (beats/min), mean (SD) 108.3 (15.5) 102.2 (22.8) 0.13
Respiratory depression, n (%) 6 (10) 10 (16) 0.28
24 h after admission

GCS score, median (IQR) 14 (11-15) 12 (9-14) 0.02
SBP (mm Hg), mean (SD) 123.4 (11.0) 131.0 (9.6) 0.03
DBP (mm Hg), mean (SD) 78.9 (8.9) 85.4 (6.2) 0.04
PR (beats/min), mean (SD) 119.6 (19.9) 115.1 (75.8) 0.21
Respiratory depression, n (%) 2 (3.3) 6(10) 0.14
Duration of hospitalization 2 (1-3) 4 (4-6) < 0.01
(days), median (IQR)

Occurrence of seizure, n (%) 16 (27) 0 (50) < 0.01
Recurrence of seizure, n (%) 2 Q) 4 (23) < 0.01
Pneumonia, n (%) 8 (13) 4 (23) 0.16
Rhabdomyolysis, n (%) 2 (3 0(17) 0.01

DBP = diastolic blood pressure; GCS = Glasgow Coma Score; IQR =

blood pressure.

interquartile range; PR = pulse rate; SBP = systolic
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Table 3. Comparison of Variables After 12 h in the Intervention and Control Groups in Patients with Seizure

Variable

12 h after admission

Glasgow Coma Scale score, median (IQR)
Systolic blood pressure (mm Hg), mean (SD)
Diastolic blood pressure (mm Hg), mean (SD)
Pulse rate (beats/min), mean (SD)

Respiratory rate (breaths/min), mean (SD)
Body temperature (°C), mean (SD)

Duration of hospitalization (days), median (IQR)

IQR = interquartile range.

cation can affect several organ systems, including gas-
trointestinal, central nervous, cardiovascular, respiratory,
renal, and endocrine systems, in addition to causing sero-
tonin syndrome and rhabdomyolysis (33). Recently, tra-
madol poisoning has been a significant cause of drug
toxicity in Iran, and the most frequent complications of
tramadol toxicity include seizure, respiratory depression,
and tachycardia (34-36).

Seizure is considered one of the most serious adverse
effects of tramadol overdose and is often tonic—clonic
and self-limiting (37). However, there were reports of re-
current seizures after tramadol poisoning, which led to
long-term use of anticonvulsant medications (8). More-
over, each seizure episode is accompanied by an increase
in the risk of trauma and neurologic sequelae. Hence, and
due to the need for cost reductions concerning the length
of hospital stay in developing countries with resource con-
straints, seizure prevention in tramadol-intoxicated pa-
tients is of high importance. Some animal studies have re-
ported the effectiveness of ILE in preventing seizures and
lowering the mean DBP in tramadol-injected rabbits, and
have reported promising effects of ILE in hemodynamic
stabilization and seizure prevention in adult male albino
rats, consistent with our present findings (20,38). Never-
theless, use of ILE in the treatment of poisoning had been
studied in only a few scenarios, which were based mainly
on low-quality clinical evidence and cost-effectiveness
(39). There was only one human RCT investigating the
role of ILE in acute tramadol poisoning management
(21). This study found a significantly lower incidence of
seizures and a shorter stay in the ILE-receiving group,
which aligned with our findings. However, some differ-
ences should be noted. First, patients in this study had a
relatively lower ingested tramadol dosage compared with
ours. Accordingly, seizure occurrence was also lower in
the previous study, attributable to the lower dosage. Our
study might be able to differentiate the groups in more
detail.

Intervention Group Control Group  p Value

(n = 26) (n=18)

9 (8-11) 8.5 (8-11) 0.67
128.0 (19.7) 131.9 (13.4) 0.34
70.9 (15.2) 78.9 (9.9) 0.02
112.3 (12.8) 98.3 (22.9) 0.28
11.4 (2.9 10.8 (4.0) 0.32
37.2 (0.4) 37.4 (0.5) 0.14
3 (2-5) 5 (4-7) 0.02

Previous studies in nonpoisoned patients have shown
that ILE administration increases diastolic blood pressure
by enhancing « 1-mediated vasoconstriction and decreas-
ing endothelium-mediated vasodilation (40,41). The rise
in blood pressure might be an adverse effect of tramadol
poisoning, although this was not seen in our study and
all patients were normotensive at admission (42). The
difference in blood pressure at 12 and 24 h was statisti-
cally significant in our study, but not clinically significant.
Indeed, this should not be considered among the main
prominent findings of our study, and further high-quality
studies are required on the effects of tramadol intoxication
and ILE administration on blood pressure among intoxi-
cated patients.

The Lipid Injection for the Purpose of Antidotal Effect
in Lipophilic Medicine Intoxication (LIPAEMIC) report
presents the results of a 3-year study of the effects of ILEs
on various systemic toxicities (43). No intoxications with
tramadol have been included in the LIPEAMIC report.
This report found that drug-induced loss of consciousness
response to ILE begins immediately after infusion. The
median GCS score increased from 4 to 8 after ILE admin-
istration in drug-induced obtundation, however, one seri-
ous and two minor adverse effects of ILE were reported in
a total of 48 cases. These adverse effects included bron-
chospastic reaction, hyperamylasemia, and interference
with laboratory analysis. Our trial found no adverse ef-
fect in patients, consistent with case reports, case series,
and systematic reviews (44).

Patients receiving ILE had significantly higher GCS
score after 12 and 24 h of admission. Although GCS
score elevation may result from the time passed from
ingesting tramadol, it should be noted that prolonged
low consciousness can cause complications, such as as-
piration and respiratory depression. The need for clin-
ical contextualization should be considered, as GCS
score might not be a practically useful tool in poisoned
patients (45).
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The effect of ILE on seizure due to tramadol toxicity
can also be attributed to the lipid sink theory, as ILE ad-
ministration removes tramadol from the tissues to prevent
it from coupling to its receptors (19). However, the “lipid
sink” theory may have some limitations in justifying our
findings due to the short half-life of ILE. A novel term
introduced recently—Iipid shuttle—may provide better
evidence and be more important in explaining the physi-
ology behind ILE effects (46). This mechanism represents
increased blood carriage, "shuttling" drugs from vital tar-
get organs, such as the brain and heart, to other organs for
storage or detoxification.

In this study, all of the patients survived and were dis-
charged in good condition, but those treated with ILE
regained consciousness earlier, and their length of hos-
pital stay and rate of complications were lower than the
control group. In addition, the frequency of rhabdomyol-
ysis was higher in the controls, which might have led to
longer hospitalization in this group.

The frequency of in-hospital seizure occurrence in our
study was 38.5% in patients with acute tramadol poison-
ing. Noteworthy, our study was well-suited for the study
of seizure frequency, given the young mean age of our
population (25 years) and the previously observed in-
creased frequency of tramadol-induced seizure in younger
patients (47).

Limitation

There are several limitations that should be mentioned.
First, as our study had a relatively low sample size, it
should be treated as a pilot trial. The second limitation was
the precise determination of the consumed dose of tablets.
The patients were selected from those who had ingested
> 400 mg of tramadol to fulfill the tramadol intoxica-
tion criteria. Although we tried to assess exactly based
on available data, there was no definitive measurement of
the ingested dose. Thus, the probability of bias remains
considerable. However, according to inclusion criteria,
consumption dose or drug serum level dose did not in-
fluence the criteria for choosing the patients. Third, the
lack of sufficient information regarding patients’ history
of other drug uses and their potentially related seizures
may have influenced the study results. Fourth, despite our
best efforts, the blinding of the health care workers might
have been affected by several factors, such as the unclear
status of IV cannula flushing after the intervention. Fifth,
the lack of data for consciousness and respiratory rate
for early hours after randomization could be another lim-
itation of our study. Finally, the lack of data regarding
seizure control with benzodiazepines in those randomized
to the ILE vs. control group highlights the need for fur-
ther evaluation of this in future studies. The short-term
follow-up of the patients after ILE administration and the

single-center nature of the study were other limitations of
this research. Multicenter RCTs with larger sample sizes
should be conducted to better evaluate the effect of vari-
ous ILE regimens on acute tramadol poisoning.

Conclusions

This study found short-term benefits of ILE infusion in
patients with tramadol intoxication and loss of conscious-
ness who were admitted to the emergency department. Al-
though ILE could reduce hospitalization time and seizure
rate, these results are not definitive and this study is
hypothesis-generating for future studies. With the support
of future larger clinical trials, ILE can be a suitable po-
tential candidate for use in the acute setting for patients
referred for tramadol poisoning.
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Article Summary
1. Why is this topic important?
As the prevalence of tramadol poisoning is increasing,
there is a need for better management and prevention of
seizures.

2. What does this study attempt to show?

This study aimed to show the efficacy of intravenous
lipid emulsion (ILE) in patients with acute tramadol poi-
soning using a randomized controlled trial.

3. What are the key findings?

ILE reduced the incidence rate of seizures, decreased
the duration of hospital stays, and increased the level of
consciousness.

4. How is patient care impacted?

Patient care can be influenced by reduced hospitaliza-
tion time and better outcomes in the course of hospitaliza-
tion.
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