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Intravenous lipid emulsion as an
adjuvant therapy of acute clozapine
poisoning
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Abstract
Introduction: Clozapine is a frequently prescribed atypical antipsychotic drug. Various case reports
documented the successful recovery of acute antipsychotics toxicity in association with the administration
of intralipid emulsion (ILE).
Aim: This study aimed to assess the adjuvant therapeutic role of SMOF Lipid administration on the outcomes
of acute clozapine poisoning.
Methods: Forty patients with acute clozapine poisoning were randomly allocated into two equal groups. The
control group received the standard supportive treatment only, whereas the intervention group received the
standard supportive treatment plus SMOF Lipid 20% infusion. All patients were subjected to history taking, full
clinical examination, and laboratory investigations. The study outcomes were evaluated.
Results: The mean Glasgow Coma Scale (GCS) at 6 hours (13.1 + 2.3 vs 9.2 + 2, p < 0.001) and 12 hours
(14.3 + 1.5 vs 9.6 + 2, p < 0.001) after admission was significantly higher in the intervention group compared
to the control group. The intervention group showed a significantly lower frequency of prolonged QTc interval
12 hours after admission (p ¼ 0.003), as well as a significantly shorter hospital stay (p < 0.001).
Conclusions: SMOF Lipid infusion seemed to have improved GCS, the prolonged QTc interval, and shor-
tened the length of hospital stay. Furthermore, there were no adverse effects related to its administration.
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Introduction

Antipsychotics are a group of drugs that are mainly

used to treat schizophrenia and a broad range of dis-

orders; including bipolar mania and depression.1 Clo-

zapine is an atypical antipsychotic drug that is

commonly prescribed because of the lower incidence

of extrapyramidal symptoms such as tardive dyskine-

sia, and its efficacy in treating negative symptoms of

schizophrenia.2

Recently, the American Association of Poison Con-

trol Centers (AAPCC) ranked sedatives/hypnotics/anti-

psychotics class as one of the most frequent five

xenobiotics involved in human exposure. Moreover,

AAPCC reported a rapid increase in the incidence of

these drug exposure over the previous 18 years.3 In

Egypt, recent studies from Tanta University Poison

Control Centre (TUPCC) and the National Poisoning

Center, Cairo have explored acute clozapine poisoning

as a frequent category among central nervous system

pharmaceutical drug poisonings.4,5

Clozapine toxicity produces manifestations that

affect multiple organ systems. Serious toxicity mainly

affects the central nervous system (CNS) and the car-

diovascular system (CVS). The most frequently

reported manifestations are pronounced sedation,

confusion, delirium, tachycardia, mild hypotension,
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and prolongation of the corrected QT (QTc) interval

which is associated with increased risk of torsade de

pointes and sudden death. Rarely, grand mal seizures

and myocarditis might occur.6,7 In absence of a spe-

cific antidote, the current recommendation from tox-

icology and poisons information centers for many

antipsychotic drugs poisoning is supportive therapy

dictated by the patient’s clinical status.6

Intravenous lipid emulsion (ILE) is used as a

source of calories and essential fatty acids in patients

who require parenteral nutrition.8 Various case

reports documented the recovery of acute antipsycho-

tics toxicity in association with the administration of

ILE.9–12 Moreover, Yousefsani et al.13 have demon-

strated the successful use of ILE for the treatment of

acute clozapine-induced ataxia as well as seizures in

rats. Nevertheless, there are no reported clinical trials

on humans to recommend its therapeutic use. There-

fore, the objective of this study was to assess the

adjuvant therapeutic role of SMOF Lipid administra-

tion on the outcomes of acute clozapine poisoning.

Patients and methods

Study design, settings, and ethical considerations

This phase II randomized controlled single-blinded,

parallel-group clinical trial was conducted in Tanta

University Poison Control Center (TUPCC), Tanta

University Emergency Hospital, Egypt from Decem-

ber 2019 to the end of May 2020.

The present study was carried out according to the

World Medical Association Declaration of Helsinki,

after approval of the research ethics committee, Faculty

of Medicine, Tanta University, Egypt (approval num-

ber: 32944/02/19) and approved registration on the Pan

African Clinical Trial Registry (trial identification num-

ber: PACTR201911916675189). Written informed

consent was obtained from each patient or his/her guar-

dians (if the patient was unable to participate in the

consent process) after receiving detailed information

about the study. Confidentiality of data was maintained

by making a code number for each patient and data

were analyzed anonymously.

Sample size

Priori sample size calculation was carried out by using

G power 3.1.9.4 software program, depending on the

primary outcome; improvement of consciousness

level measured by the Glasgow Coma Scale (GCS).

According to the following assumptions; an effect

size equals 0.95 which was calculated according to

Taftachi et al.14, alpha error 5%, power of 80%, allo-

cation ratio ¼ 1, the total required sample size was 40

patients.

Patients’ selection criteria

Inclusion criteria: Male or female symptomatic

patients of any age, with moderate to severe acute

clozapine poisoning. The severity of CNS, CVS, and

respiratory manifestations as well as any metabolic

disturbances were assessed on admission according

to the standardized Poisoning Severity Score (PSS).15

Exclusion criteria: Patients reported coingestion of

other substances in addition to clozapine, presented

more than 12 hr after clozapine ingestion or received

any treatment before admission to TUPCC, pregnant

and lactating women, patients with major medical

conditions (e.g. diabetes mellitus, cardiovascular dis-

ease, renal or hepatic failure), as well as patients with

a known history of hyperlipidemia were excluded.

The diagnosis was based on history taking either

from the patient himself or the relatives, reliable iden-

tification of the compound based on the container

brought by patients’ attendants, and the presence of

the suggestive CNS and CVS manifestations. Addi-

tionally, serum clozapine concentration was obtained

on admission to confirm the diagnosis.6

Methods

Forty patients were randomly assigned into two equal

groups (20 patients each, allocation ratio:1:1) by

using a random number generator website. To conceal

the allocation sequence, we used the sequentially

numbered, opaque sealed envelopes method stated

by Doig and Simpson.16

Group I (control group) received the standard sup-

portive care, while group II (intervention group)

received the standard supportive care plus SMOF

Lipid infusion. The standard supportive care com-

prised of maintaining patent airways, oxygen admin-

istration, breathing support when necessary, treatment

of hypotension by intravenous fluids, continuous car-

diac monitoring until resolving of all symptoms as

well as ECG abnormalities. Additionally, all patients

in both groups administered a single dose activated

charcoal (1 gm/kg) for gastric decontamination.

When the patient had disturbed consciousness level

and absent gag reflex, activated charcoal administra-

tion was preceded by cuffed endotracheal intubation

2 Human and Experimental Toxicology XX(X)



to secure the airways and minimizing aspiration

pnemonia.17

Patients in group II received the standard suppor-

tive care and gastric decontamination measures as

described in group I plus intravenous lipid emulsion

(SMOF Lipid® 20%; a mixture of soybean oil,

medium-chain triglycerides, olive- and fish-oil).

According to Purg et al.11, SMOF Lipid was admini-

strated as an initial bolus dose: 1.5 mL/kg over 1 to 2

minutes, followed by a maintenance dose (6 mL/kg)

IV infusion over 1 hour. After the infusion was com-

pleted, the patient was continuously reassessed and

the bolus dose might be repeated when necessary. For

pediatric patients, the regimen of ILE was similar to

the adult’s recommendations.18 During SMOF Lipid

administration and the hospital stay period, patients in

group II were closely monitored to detect any adverse

effects.

For all patients, sociodemographic, toxicological

data, and time elapsed before hospital admission were

collected. Full clinical examination including moni-

toring of vital signs and assessment of consciousness

level by GCS. For children below 2-years, the modi-

fied pediatric GCS was applied. This was performed

by a single person who was one of the researchers

with great experience in managing acute poisoning

cases in the emergency room.

A twelve-leads ECG was recorded on admission

and repeated when an abnormality was observed on

cardiac monitoring, as well as 12 hr after admission.

Electrocardiograms were assessed by the same cardi-

ology consultant who was blinded to the study

hypothesis and the clinical status of patients. They

were analyzed for rate, rhythm, axis, and the presence

of any conduction defects or dysrhythmias. The cor-

rected QT interval (QTc) was calculated according to

Bazett’s formula; QTc ¼ QT/vRR. Prolonged QTc is

defined as more than 0.45 sec in males and more than

0.47 sec in females.19,20 Vital signs were assessed in

adults according to reference ranges.21 In children

(aged 12 years or younger), the normal range of tem-

perature is 36.6�–37.9�C, rectally,22 while the normal

ranges of blood pressure, pulse, and respiratory rate of

children were determined according to Hartman and

Cheifetz.23

Blood samples were obtained from each patient

immediately on admission and before giving any med-

ications, for measuring serum clozapine concentrations

and baseline routine laboratory investigations; these

included serum concentrations of triglycerides, sodium

and potassium, alanine aminotransferase (ALT),

aspartate aminotransferase (AST), creatinine, random

blood sugar, as well as blood urea and arterial blood

gases. Measurement of serum clozapine concentra-

tions was done by Young Lin© (YL-9100) high-

performance liquid chromatography (HPLC) system

at Ain Shams Poison Control Center, Cairo, Egypt.

Twelve hours after admission, another blood sample

was withdrawn for the reevaluation of serum con-

centrations of triglyceride, AST, ALT, and platelet

count as recommended by Spray.24

Patients in both groups were prospectively moni-

tored for consciousness levels, vital signs, ECG, and

the development of any complications or idiosyn-

cratic reactions until discharge from the Emergency

Hospital. Patients with suicide attempts and/or psy-

chiatric comorbidity were referred for psychiatric

rehabilitation.

Outcome measures

The primary outcome was the improvement in con-

sciousness levels measured by GCS, whereas second-

ary outcomes included; the need for intensive care

unit (ICU) admission and/or mechanical ventilation,

improvement in QTc interval, the duration of hospital

stay started from the time of admission until discharge

from the Emergency hospital, in addition to the total

in-hospital mortality.

Statistical analysis

All data were tabulated and statistically analyzed by

using SPSS program, version 22. All continuous vari-

ables were checked for normality by the Shapiro Wilk

test. For normally distributed data, they were pre-

sented as mean + SD, and differences between the

studied groups were verified using Independent T-

test. Alternatively, data that showed abnormal distri-

bution were displayed as the median and interquartile

range (25th–75th percentile) and were compared by

using the Mann-Whitney U test. Categorical variables

were summarized as frequencies and percentages and

association between variables was tested using X2

tests (Pearson’s Chi-Square for independence or Fish-

er’s Exact Tests as appropriate). Additionally, a

Paired T-test was used to compare serum triglyceride

concentration, platelet count, and liver enzymes

assessed on admission and 12 h later. For significant

outcomes, the effect size was calculated according to

Cohen’s d for continuous outcomes, as well as rela-

tive risk for binary ones. A p-value of < 0.05 was

considered statistically significant.
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Results

In the present study, 68 patients reported toxic inges-

tion of clozapine were assessed for eligibility.

Twenty-eight were excluded; 16 presented with mild

poisoning, seven reported multiple drug ingestions,

three provided a history of hyperlipidemia on admis-

sion, and two refused to participate in the study. After

fulfilling the inclusion criteria, 40 patients with acute

clozapine poisoning were randomly allocated into two

groups (Figure 1).

There were no significant differences between the

studied groups regarding the patient’s demographics

and toxicological data (Table 1).

Table 2 shows the absence of significant differ-

ences between both groups regarding their baseline

vital data and clinical manifestations (p > 0.05). The

mean GCS on admission was 8.5 + 2.2 and 8.8 + 2

in the control and intervention groups respectively.

Baseline ECG revealed sinus tachycardia (60% vs

70%) and prolonged QTc interval (45% vs 65%) in

both groups. Figures 2 and 3 illustrate abnormal ECG

findings.

There were no significant differences between the

two studied groups regarding baseline routine labora-

tory investigations (p > 0.05). In all the included

patients, clozapine was detected analytically. The

mean serum clozapine concentration was 2.258 +
1.35 in group 1 compared to 2.308 + 1.42 mg/ml

in group 2, with no significant differences (p ¼
0.910) (Table 3).

Table 4 illustrates the outcomes of the present

study. The mean GCS assessed at 6 hours (13.1 +
2.3 vs 9.2 + 2, p < 0.001) and at 12 hours (14.3 + 1.5

vs 9.6 + 2, p < 0,001) after admission was signifi-

cantly higher in the intervention group compared to

the control group. Additionally, the frequency of fully

conscious (GCS ¼ 15) patients was significantly

higher in the intervention group than the control group

both at 6 and 12 hours after admission. The corrected

QT interval was assessed 12 hours after admission,

the frequency of prolonged QTc interval was 45% in

the control group compared to 5% in the intervention

group (p ¼ 0.003).

Furthermore, patients in the intervention group

showed a significantly shorter period of hospital stay

compared to those in the control group (median ¼ 18

h versus 71 h respectively, p < 0.001). Four patients

(20%) in the control group required ICU admission

compared to 1 (5%) patient in the intervention group,

with no significant differences (p ¼ 0.339) (Table 4).

After complete recovery, all patients were discharged

from the hospital with no recorded in-hospital mor-

tality in either group.

All patients in group II received the initial bolus

dose of SMOF Lipid, followed by the maintenance

dose, with no additional bolus doses were required.

Assessed for eligibility (n =68) Excluded (n =28)
Pa�ents with mild clozapine toxicity (n=16)•

•

•

•

Pa�ents reported coinges�on of other drugs 
(n=7)
Pa�ents with known history of hyperlipidemia 
(n=3)
Pa�ent refused to par�cipate (n = 2)

Analysed (n = 20)
Excluded from analysis (n = 0)

Lost to follow-up (n = 0)
Discon�nued interven�on (n = 0)

Group I: control group (n = 20)
Received SMOF lipid (n = 0)
Did not receive SMOF lipid (n = 20)

Allocation

Analysis

Follow-up

Randomized (n = 40)

Enrollment

Group II: Interven�on group (n = 20)
Received SMOF lipid (n = 20)
Did not receive SMOF lipid (n = 0)

Lost to follow-up (n = 0)
Discon�nued interven�on (n = 0)

Analysed (n = 20)
Excluded from analysis (n = 0)

••
•
•

•
•

Figure 1. CONSORT 2010 flow chart.
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According to their weights, the total amount of

received SMOF Lipid ranged from 75 to 750 ml, with

a median amount of 337.5 ml (IQR ¼ 140–537.5 ml).

No major adverse effects e.g. allergic reactions to

SMOF Lipid therapy were recorded during clinical

monitoring of patients. Table 5 shows no significant

Table 1. Baseline demographics and toxicological data of the studied groups.

Group I
Control
(n ¼ 20)

Group II
Intervention

(n ¼ 20)
Test

statistic
P

value

Age (years) Min.-max. 2.5–37 1.5–35
Z mw

0.014
0.989Median (IQR) 17.5 (4.5–22) 16.5 (7–21.5)

Mean rank 20.52 20.48
Gender Female, n (%) 9 (45) 13 (65) X2

1.616
0.201

Male, n (%) 11 (55) 7 (35)
Psychiatric co-morbidity Yes, n (%) 5 (25) 4 (20) X2 Exact

0.00
>0.999

No, n (%) 15 (75) 16 (80)
Alleged mode of poisoning Unintentional, n (%) 9 (45) 7 (35) X2

0.417
0.519

Suicidal, n (%) 11 (55) 13 (65)
Severity of toxicity according to PSS Moderate, n (%) 14 (70) 12 (60) X2

0.440
0.507

Severe, n (%) 6 (30) 8 (40)
Alleged ingested dose (mg) Min.-max. 600–3500 400–3500 Z mw

0.650
0.516

Median (IQR) 1500 (875–2750) 2050 (900–3000)
Mean rank 19.30 21.70

Delay time between toxic ingestion and
hospital admission (h)

Min.-max. 1–10 1–12 Z mw

0.462
0.417

Median (IQR) 4 (4–6) 4 (3–5)
Mean rank 21.98 19.02

IQR: Interquartile range; �2: Chi Square test; X2 Exact: Fisher’s Exact test; z mw: Mann Whitney U test.

Table 2. Baseline vital data and clinical findings of the studied groups.

Group I
Control
(n ¼ 20)

Group II
Intervention

(n ¼ 20) Test statistic
P

value

GCS Min.-max. 4–14 4–12 t
0.382

0.705
Mean + SD 8.5 + 2.2 8.8 + 2

Pulse rate Tachycardia, n (%) 12 (60) 14 (70) X2

0.440
0.507

Blood pressure Hypotension, n (%) 7 (35) 9 (45) X2

0.417
0.519

Respiratory rate Tachypnea, n (%) 4 (20) 3 (15) X2

0.392
0.677

Temperature Fever, n (%) 3 (15) 1 (5) X2

0.278
0.598

Pupil Constricted, n (%) 15 (75) 17 (85) X2

0.156
0.347

Normal, n (%) 5 (25) 3 (15)
ECG abnormalities Sinus tachycardia, n (%) 12 (60) 14 (70) X2

0.440
0.570

Prolonged QTc, n (%) 9 (45) 13 (65) X2

1.616
0.204

Corrected QT interval (sec) Minimum-Maximum 0.40–0.60 0.40–0.59 t
0.353

0.726
Mean + SD 0.47 + 0.07 0.48 + 0.05

SD: Standard deviation; �2: Chi Square test; t: Independent T test.
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differences between serum triglycerides levels, plate-

let count, and liver enzymes obtained on admission

and 12 hours later during follow up of the interven-

tional group (p > 0.05).

Discussion

There is an increasing concern for using ILE therapy

in the management of lipophilic drug poisoning.

Though, the contemporarily available evidence

regarding the setting of non-local anesthetic drugs is

insufficient and depending mainly on case reports and

animal studies.25 Hence, there is a need for rando-

mized controlled trials for evaluating the efficacy,

safety, indications, and the best regimen for ILE ther-

apy.26 In light of this knowledge gap, our study was

designed to assess the adjuvant therapeutic role of

SMOF Lipid administration on the outcomes of acute

clozapine poisoning.

The present study explored important findings

regarding the therapeutic efficacy of SMOF Lipid in

clozapine toxicity. Administration of SMOF Lipid

was significantly effective in improving the con-

sciousness level as well as the prolonged QTc interval

more rapidly. Additionally, the rapid recovery of

patients who received SMOF Lipid was associated

with a shorter period of hospital stay compared to

their controls. Moreover, no adverse effects related

to SMOF Lipid administration have been detected.

These findings support the feasibility of SMOF Lipid

in the setting of acute poisoning.

In the present study, all patients presented with

depressed consciousness. In agreement with this find-

ing, it has been reported that impaired consciousness is

a common manifestation of acute antipsychotic poison-

ing that ranging from just sedation to frank coma.27 As

well, a high frequency of CNS depression has been

documented in a retrospective analysis of patients with

acute clozapine poisoning.28 Furthermore, a progres-

sive deterioration of consciousness with a drop of GCS

from 12 to 7 has been reported in cases of clozapine

intoxication.29 Likewise, a prolonged coma for about

70 hours has been reported as the main manifestation in

a patient who presented with intentional clozapine

Figure 2. An ECG of a female patient aged 27 years with acute clozapine poisoning shows sinus tachycardia.

Figure 3. An ECG of a male patient aged 22 years with acute clozapine poisoning shows combined sinus tachycardia and
prolonged QTc interval. Black arrow points to the prolonged QTC interval.
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Table 3. Baseline laboratory investigations obtained on admission in the studied groups.

Group I
Control
(n ¼ 20)

Group II
Intervention

(n ¼ 20) t P value

Serum clozapine (mg/ml) Min.-max. 0.387–4.590 0.361–4.570 0.133 0.910
Mean + SD 2.258 + 1.35 2.308 + 1.42

pH Min.-max. 7.23–7.5 7.35–7.55 0.443 0.660
Mean + SD 7.42 + 0.07 7.43 + 0.06

PaCO2 (mmHg) Min.-max. 20.5–45 24.4–45 0.183 0.856
Mean + SD 33.9 + 6.4 33.5 + 6.1

HCO3 (mmol/L) Min.-max. 16.1–28 15.8–27.3 0.094 0.926
Mean + SD 22.1 + 3.8 22 + 2.9

Serum sodium
(mmol/L)

Min.-max. 131–149 134–149 1.073 0.092
Mean + SD 138.9 + 4.8 140.4 + 4.6

Serum potassium (mmol/L) Min.-max. 3.1–4.9 3–4.5 1.119 0.270
Mean + SD 4.1 + 0.4 3.9 + 0.4

AST (U/L) Min.-max. 10–41 10–42 0.020 0.984
Mean + SD 24.3 + 7.7 24.2 + 7.7

ALT (U/L) Min.-max. 13–39 11–36 0.276 0.784
Mean + SD 21 + 7 20.9 + 6.2

Blood urea (mg/dL) Min.-max. 15–34 14–45 0.725 0.473
Mean + SD 22.7 + 6.3 24.8 + 7.3

Serum creatinine (mg/dL) Min.-max. 0.4 -1.4 0.3 -1.2 0.326 0.746
Mean + SD 0.7 + 0.3 0.6 + 0.3

Random blood glucose (mg/dL) Min.-max. 75–188 80–168 1.45 0.153
Mean + SD 127.2 + 27.8 117.2 + 19.9

SD: Standard deviation; t: Independent T test; AST; aspartate aminotransferase ALT; alanine aminotransferase.

Table 4. Comparison of outcomes of the studied groups.

Group I
Control
(n ¼ 20)

Group II
Intervention

(n ¼ 20) Test statistic
P

value Effect size

GCS
(6 h after admission)

Min.-max. 4–12 7–15 t
5.381

<0.001* Cohen d
1.80Mean + SD 9.2 + 2 13.1 + 2.3

GCS (12 h after admission) Min.-max. 4–13 9–15 t
8.540

<0.001* Cohen d
2.65Mean + SD 9.6 + 2 14.3 + 1.5

Full consciousness
(6 h after admission)

Yes, n (%) 0 (0) 9 (45) X2

11.061
0.001* Relative risk

45%
Full consciousness

(12 h after admission)
Yes, n (%) 0 (0) 14 (70) X2

21.531
<0.001* Relative risk

70%
Corrected QT interval (sec)

(12 h after admission)
Min.-max. 0.40–0.60 0.36–0.46 t

4.011
0.001* Cohen d

1.55Mean + SD 0.47 + 0.07 0.39 + 0.02
Prolonged QTc interval (sec)

(12 h after admission)
Yes, n (%) 9 (45) 1 (5) X2

8.532
0.003* Relative risk

40%
Duration of hospital stay (hours) Min.-max. 24–126 12–114 Z mw

4.129
<0.001* Cohen d

3.31Median (IQR) 71 (48–84) 18 (12–24)
Mean rank 28.08 12.92

The need for ICU admission Yes, n (%) 4 (20) 1 (5) X2

0.914
0.339

*Significant at p < 0.05; SD: Standard deviation; IQR: Interquartile range; Z mw : Mann Whitney U test; t: Independent T test; �2: Chi
Square test.
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intoxication.30 Altered consciousness is mainly due to

clozapine-induced inhibition of central histamine

H1receptors as well as muscarinic receptors including

M1, M2, M3, and M5.
31

In the current study, assessment of GCS at 6 and 12

hours after admission revealed significantly faster

regaining of consciousness in patients who adminis-

tered SMOF Lipid compared to their controls. This

coincides with Yousefsani et al.13 who demonstrated a

significant response of clozapine-induced neurotoxi-

city in rats to IV infusion of 18.6 mg/kg ILE 20% 15

minutes after receiving a toxic dose of clozapine.

Responses to lipid emulsion were presented as a sig-

nificant termination of ataxia and a more rapid

decrease in seizure scores. Likewise, there was a suc-

cessful restoration of haloperidol neurotoxicity after

administration of different doses (6, 12, and 18 mL/

kg) of ILE 20% in rabbits.32 Furthermore, interven-

tion with IV ILE 10% at a dose of 10 cc/kg was

significantly effective in improving GCS 6 hours after

admission in heterogonous types of acute non-local

anesthetic drug poisoning.14

Concerning baseline ECG changes, both sinus

tachycardia and prolonged QTc interval were

detected. This finding is in agreement with previous

retrospective reports.6,28,33,34 Moreover, a high fre-

quency of prolonged QTc interval in atypical antipsy-

chotics poisoning has been observed in a recent

prospective analysis of patients admitted with acute

antipsychotics poisoning.4 Prolongation of QTc inter-

val is a life-threatening complication of various aty-

pical antipsychotics overdose. It may induce lethal

arrhythmia including torsade de pointes and ventricu-

lar fibrillation.7 However, factors that enable or

attenuate the progression of QTc prolongation to

torsade de pointes are still unclear and necessitate

further research35

Antipsychotic drugs including clozapine block

voltage-gated potassium channels resulting in longer

ventricular repolarization and consequently the QT

interval.36 Furthermore, clozapine intake has been

associated with the development of potentially fatal

myocarditis in previously healthy subjects.37 Addi-

tionally, antagonism of alpha-adrenergic and muscari-

nic receptors by clozapine contribute to the frequently

noticed tachycardia.33

In this study, the administration of SMOF Lipid

was associated with a decreased frequency of pro-

longed QTc interval at 12 hours after admission. A

previous observational study reported a significant

association between the prolonged QTc interval and

the need for ICU admission and the increased rate of

in-hospital mortality.38 Hence, the observed impact of

SMOF Lipid on the prolonged QTc interval might

favor the rapid and uncomplicated recovery of these

patients. Previous animal studies revealed the thera-

peutic role of ILE in restoring the mean arterial blood

pressure and the wide QRS duration induced by com-

bined amitriptyline and citalopram antidepressants in

adult rats,39 as well as correcting hypotension in clo-

zapine intoxicated rats.13

The most putative mechanism of ILE is the “lipid

sink” theory. It suggests that intravascular lipid leads

to redistribution of lipophilic drugs from the target

tissues to the bloodstream down a concentration gra-

dient. This reduces the volume of distribution of the

lipophilic drugs.40 According to this theory, responses

to ILE depend likely on the drug lipophilicity and the

pharmacokinetic phase at the time of ILE administra-

tion. Therefore, highly lipophilic drugs and ILE

Table 5. Comparison of serum triglyceride levels, platelets count, and liver enzymes obtained on admission and 12 h later
in intervention group.

Intervention group (n ¼ 20) Paired T test

On admission After 12 h t P value

Serum triglycerides (mg/dL) Min.-max. 40–160 40–167 1.907 0.072
Mean + SD 87.2 + 34.6 100.2 + 37.3

Platelet count (�103/mm3) Min.-max. 152–383 150–380 1.308 0.199
Mean + SD 232.5 + 57.4 228.2 + 53.2

AST (U/L) Min.-max. 10–42 12–45 0.497 0.622
Mean + SD 24.2 + 7.7 24.7 + 8.2

ALT (U/L) Min.-max. 11–36 10–40 1.109 0.274
Mean + SD 20.9 + 6.2 22 + 6.9

SD: Standard deviation; AST; aspartate aminotransferase ALT; alanine aminotransferase.
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administration after peak absorption dictates favor-

able reversal of toxic effects.41,42 In this regard, clo-

zapine is known to be a highly lipid soluble drug with

a peak absorption and plasma concentration reached

around 3 hours, as well as a considerable volume of

distribution (1.6–7.3 L/kg).43 These made ILE suit-

able for the treatment of clozapine intoxication. How-

ever, there is wide interindividual variability in these

pharmacokinetic parameters.44

The “lipid sink” effect of ILE has been argued as a

sole mechanism of action.41 Further direct actions of

ILE have been emerged, adding the pharmaco-

dynamic components to ILE actions. It has been

suggested that ILE increases myocardial energy

substrate, thereby improving cardiac function.45

Furthermore, the high concentration of long-chain

fatty acids directly increases cardiomyocyte calcium

concentration with a positive inotropic effect.46 At the

molecular level, activation of free fatty acid G protein

coupled receptor-40 in cardiac muscles has recently

been discovered.47 Comparable direct actions of ILE

on the nerve cells, with increased intraneuronal cal-

cium concentration, have also been demonstrated.32

Another important impact of SMOF Lipid use in

this work was a significant shortening of the hospital

stay. This might be attributed to its role in the rapid

regaining of consciousness. We observed a lower

incidence of aspiration pneumonia and the need for

ICU admission in patients who received SMOF Lipid.

Despite it was a non-significant association, it is a

clinically important finding that might be more pro-

nounced in future research including a larger sample

size. Supporting evidence has been reported by

Mubarak et al.4 who found a significant association

between GCS and the duration of hospital stay. More-

over, they demonstrated a low GCS as a predictor of

the prolonged hospital stay. Indeed, shorter hospital

stay saves costs, staff, and bed capacity.

In the present study, all patients survived with no

recorded deaths in either group. This might be linked

to the absence of fatal ventricular dysrhythmias in

these patients. This coincides with Brett et al.48 who

reported less likelihood of case fatalities per overdose

for most acute antipsychotics poisoning, particularly

the atypical ones.

Careful attention to the potential adverse effects of

SMOF Lipid was considered in this study. Clinical as

well as laboratory monitoring of serum triglycerides,

liver enzymes, and platelet count in patients who

received SMOF Lipid revealed the absence of adverse

effects. Thus, the applied SMOF Lipid regimen was

well-tolerated and safe. A comparable safety study of

lipid emulsion 20% in acute organophosphate poison-

ing revealed supporting evidence.49 Results obtained

from an online lipid registry of ILE use in the treat-

ment of drug toxicity revealed a favorable safety pro-

file. Out of 48 recorded cases, only one serious

(bronchospasm) and two minor (hyperamylasaemia

and lipemia) complications have been reported.50

It has been postulated that the infusion rate and the

total dose are predetermining factors of adverse

effects. Adherence to a maximum infusion rate of

0.55 ml/kg/min and a total daily dose of 10 ml/kg

make adverse effects rare occurrence.51

Limitations

Despite being a randomized controlled trial that helps

to provide high-quality evidence, it is limited by being

single-blinded with a risk of bias. Additionally, the

small sample size and being a single center study

made stratification of patients according to severity

inapplicable. As well, monitoring of serum clozapine

concentrations after SMOF Lipid administration to

show any measurable effects of SMOF Lipid in this

regard could not be performed. The results are spe-

cific to the investigated SMOF Lipid, they may not be

applicable if a different lipid is used.

Conclusion

Intravenous SMOF Lipid may be used as an adjuvant

therapy to the standard supportive care in patients

with moderate to severe acute clozapine poisoning.

The administration of SMOF Lipid was associated

with a significant rapid recovery of disturbed con-

sciousness, the prolonged QTc interval and a shorter

duration of hospital stay with no adverse effects.

These promising responses encourage reasonable

consideration of SMOF Lipid as a new treatment

modality. However, further multicenter studies on

larger numbers of patients are necessary, so that solid

conclusion about SMOF Lipid efficacy can be

elucidated.
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