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The use of lipid emulsion therapy in severe hydroxychloroquine overdose –  
a narrative review of case reports

Erwin Schieveena, Femke M. J. Gresnigta,b  and Chantal den Haanc 
aEmergency Department, olVg Hospital, amsterdam, The netherlands; bDutch Poison information Center (DPiC), UMC Utrecht, University 
Utrecht, Utrecht, The netherlands; cDepartment of Research & Epidemiology, olVg Hospital, amsterdam, The netherlands

ABSTRACT
Introduction:  Hydroxychloroquine has cardiac and cerebral sodium channel- and human ether-à-go-go-
related gene (HERG) potassium channel-blocking effects. This causes depolarization delays, resulting in 
cardiovascular toxicity with potentially fatal consequences. Despite several supportive care options, 
hydroxychloroquine poisoning remains difficult to treat. Its high lipid solubility suggests that lipid 
emulsion therapy might be beneficial; however, no clear evidence regarding its efficacy is available. The 
aim of this review is to assess the evidence, the outcomes, and adverse events regarding the use of 
intravascular lipid emulsion therapy as a treatment for hydroxychloroquine poisoning.
Methods:  We conducted a systematic search in PubMed, Embase.com, Cochrane Central Register of 
Controlled Trials (CENTRAL)/Wiley, Web of Science Core Collection/Clarivate Analytics, and Scopus/
Scopus.com from inception until 1 November 2023. We adhered to the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) guidelines. Inclusion criteria encompassed original 
observational or interventional studies, case series and case reports describing patients receiving lipid 
emulsion therapy for hydroxychloroquine toxicity. We extracted clinical data and performed a quality 
assessment of the included cases. We present the results as a narrative synthesis.
Results:  Of 157 identified articles, 16 case reports met the inclusion criteria, reporting on 18 patients. 
Lipid emulsion therapy was always associated with additional treatments, and detailed information on 
the circumstances regarding the administration of intravenous lipid emulsion and its presumed effect 
was often lacking. Fifteen of 18 patients survived to hospital discharge. Some reports described clear 
and almost immediate clinical improvement after intravenous lipid emulsion administration. No clear 
adverse effects were reported.
Discussion:  A limitation is the reliance on case reports, which varied in the degree of reported details. 
The administration of multiple therapeutic drugs in most cases made it difficult to attribute survival 
primarily to lipid emulsion. Publication bias may favour cases with successful outcomes.
Conclusion:  Among published case reports, most patients who received lipid emulsion for treatment of 
hydroxychloroquine poisoning survived. The risk of bias, the small number of reports, and the lack of 
systematic reporting of both favourable and adverse effects limit any conclusions about the effectiveness 
of lipid emulsion for hydroxychloroquine poisoning.

Introduction

Lipid emulsion therapy is well known as an antidote for 
local anaesthetic systemic toxicity [1–4]. Its mechanism of 
effect is most often described using the “lipid sink” or 
“lipid shuttle” theory, which suggests that lipophilic drugs 
are caught and contained by the lipid emulsion and redis-
tributed towards the liver and skeletal muscle. This lowers 
the effective plasma concentration and protects organs 
prone to toxicity [1,5]. This process relies on the target 
drug being lipophilic, which is quantified using the lipid 
solubility coefficient. This coefficient is determined by cal-
culation of the log [octanol/water partition]. For example, 
many local anaesthetic drugs like lidocaine and bupiva-
caine have a relatively high lipid solubility coefficient of 
2.44 [6] and 3.41 [7], respectively.

This suggests that intravascular lipid emulsion therapy may 
also have detoxifying properties for other lipophilic medications, 
such as hydroxychloroquine [4,8–10], which has a lipid solubility 
coefficient of 3.6 [11]. Hydroxychloroquine is used as an antima-
larial and antirheumatic drug and for the treatment of lupus 
erythematosus. In recent years, it became widely known during 
the SARS-CoV-19 pandemic when it was proposed as a poten-
tial treatment for COVID-19 [12]. Hydroxychloroquine has cardiac 
and cerebral sodium channel- and human ether-à-go-go-related 
gene (HERG) potassium channel-blocking effects. This causes 
depolarization delays [13,14], resulting in cardiovascular toxicity 
with potentially fatal consequences. Despite several supportive 
care options, hydroxychloroquine poisoning remains difficult to 
treat. Its high lipid solubility suggests that lipid emulsion ther-
apy might be beneficial; however, no clear evidence regarding 
its efficacy is available.
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The aim of this review is to assess the evidence, outcomes, 
and adverse events regarding the use of intravascular lipid 
emulsion therapy as a treatment for hydroxychloroquine 
poisoning.

Methods

We adhered to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses guidelines [15] in conducting 
this review, which was not pre-registered or financially 
supported.

Search strategy

An information specialist (CH) performed the systematic search 
and searched the databases of PubMed, Embase.com, Cochrane 
Central Register of Controlled Trials (CENTRAL)/Wiley, Web of 
Science Core Collection/Clarivate Analytics and Scopus/Scopus.
com from inception until 1 November 2023. The following 
terms, including synonyms and closely related words, were 
used as index terms or free-text words: “hydroxychloroquine” 
and “intravenous fat emulsion”. Full search strategies for all 
databases are available (Supplementary Appendix A). All titles 
identified in the search were independently screened by two 
reviewers (ES and FG) using Rayyan Systems, Inc. [16]. If any of 
the reviewers identified a title for full-text screening, it was 
included. Thereafter, full-text copies of all potentially relevant 
studies were acquired and independently evaluated by the two 
reviewers. If full-text screening resulted in conflict, open discus-
sion and in-depth review of the article occurred to decide 
upon inclusion. All articles included for full-text screening were 
reference searched.

Inclusion/exclusion criteria

All original reports of observational studies (case reports, 
case series, cohort, case-control, cross-sectional) or interven-
tional studies (randomized controlled trials, experimental 
studies) that enrolled patients who received lipid emulsion 
therapy for hydroxychloroquine toxicity were included. 
Reviews, letters to the editor without a new case description, 
and animal or in vitro studies were excluded. No study was 
excluded based on language or methodological quality. The 
primary outcome was immediate survival. Secondary out-
comes included adverse effects.

Data extraction strategy

Data relating to study design, gender, age, symptoms, treatment 
and outcome were extracted. If multiple publications reported 
the same patient, the information was mined and described as 
a single study while listing all other publications.

Quality assessment and methods of analysis/synthesis

Since only case reports were included in the study, qual-
ity assessment for all studies resulted in a high risk of 

bias. The results are presented in Table 1 and as a narra-
tive summary. Since only case reports were available, 
data were not pooled, and a meta-analysis was not 
possible.

Results

The search strategy produced 157 articles, of which 85 
remained after eliminating duplicates (Figure 1). A total of 
16 articles reporting on 18 patients were included in this 
review (Table 1). The reference search did not yield any 
additional articles. The included patients were quite 
homogenous, with 17 of 18 patients being young females 
with a mean age of 28 years. One-third of patients were 
18 years of age or younger. The median ingested amount 
was 10 g (n = 17; IQR 5.5–20 g). Twelve patients presented 
with hypotension. Other symptoms included altered men-
tal status, hypokalaemia, QRS complex prolongation, QTc 
interval prolongation, and ventricular dysrhythmias 
(Table  2). Most patients received sodium bicarbonate 
(15/18 patients), diazepam (15/18 patients) or epinephrine 
(15/18 patients) (Table 3).

Lipid emulsion therapy was always accompanied by addi-
tional treatments. Three cases mentioned the exact time of 
lipid emulsion therapy and the time of hydroxychloroquine 
ingestion; therapy was initiated 2 h [25], 6 h [17], and 15 h 
post-ingestion [29]. The timing of improvement of cardiovas-
cular symptoms was mentioned in eight patients; no objec-
tive data were given in any case, but qualitative words such 
as “immediate”, “within minutes”, “a few minutes”, “fast”, and 
“quick” were most often used. Recurring hemodynamic insta-
bility and/or dysrhythmias were described in eight cases. In 
half of these cases, only one recurrence was described; in 
two out of eight cases, dysrhythmias/haemodynamic instabil-
ity reoccurred on two or more occasions and in two cases, 
the exact rate of occurrence was not described. Two patients 
with these recurring cardiac symptoms were treated with 
subsequent lipid emulsion boluses, which was successful in 
preventing a recurrence in one case [19]; the other patient 
required an additional bolus [26]. A transient increase in 
lipase activity and C-reactive protein concentration, as well as 
increased aminotransferase activity, was the only reported 
complication related to lipid emulsion, which resolved with-
out treatment in the patient who showed no clinical signs of 
pancreatitis [26]. The case report did not provide specific 
data on aminotransferase or lipase activities. Out of the 18 
patients included, 15 survived to discharge. The three 
deceased patients had no difference in median age or median 
ingested hydroxychloroquine dose compared to patients who 
survived. A total of six patients received cardiopulmonary 
resuscitation, three of whom did not survive. Two patients 
were treated with intravenous lipid emulsion therapy follow-
ing initially successful resuscitations. However, despite all 
treatments initiated, both patients experienced recurrent car-
diac arrests. Subsequent cardiopulmonary resuscitation 
attempts were unsuccessful on the second and third attempts, 
respectively [30]. The other deceased patient died three days 
later due to multi-organ failure; the timing of administration 
of lipid emulsion therapy and cardiopulmonary resuscitation 
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was unknown. Of the three patients who survived after car-
diopulmonary resuscitation, only in one case was the timing 
of lipid emulsion specified, which was 5 h after performing 
resuscitation [17]. Two of the three deceased patients pre-
sented with a co-ingestion (chloroquine, prednisolone) com-
pared to five of the fifteen surviving patients (ethanol, 
oxycodone, paracetamol, diazepam, codeine, domperidone).

Discussion

We analyzed 18 case reports that provided data relevant to the 
use of lipid emulsion therapy for hydroxychloroquine overdose. 
Some case reports described clear and rapid clinical improve-
ment shortly after the use of intravenous lipid emulsion, while 
others demonstrated no apparent effect with sometimes recur-
ring hemodynamic instabilities and  dysrhythmias. Adverse 
effects following the administration of intravenous lipid emul-
sion were infrequently reported.

Some of the available case reports suggest the benefit of 
intravenous lipid emulsion use with infrequent complications. 
Other studies cautiously seem to support the proposed phar-
macodynamic and pharmacokinetic effects of intravenous 
lipid emulsion on lipid-soluble drugs, including hydroxychlor-
oquine [8,9, 34–36]. Additional treatments employed in each 
instance render the direct effects of intravenous lipid emul-
sion challenging to interpret. One of the deceased patients 
received lidocaine concomitantly with intravenous lipid emul-
sion, possibly limiting the effects on hydroxychloroquine 
intoxication. However, the proposed pharmacodynamics of 
these interactions remain theoretical.

While the findings suggest the potential utility of intrave-
nous lipid emulsion, some considerations arise when analyz-
ing these results. Several other reports of comparable severe 
hydroxychloroquine poisonings also illustrate survival without 
the use of intravenous lipid emulsion [13, 37–40], suggesting 
no additional effect by intravenous lipid emulsion. 
Additionally, adverse effects of intravenous lipid emulsion 
should be considered. In the cases included in this review, 
only one patient demonstrated an increased lipase activity 
and C-reactive protein concentration, which was thought to 
be due to self-limiting pancreatitis secondary to intravenous 
lipid emulsion administration. The included case reports likely 
do not consistently report possible adverse effects of intrave-
nous lipid emulsion. Any adverse effects mentioned may 
underestimate their true likelihood. Although adverse events 
were rarely described in these cases, other studies reported 
effects that were life-threatening or interfered with other 
treatments. Examples of adverse effects after lipid emulsion 
therapy include pancreatitis, acute respiratory distress syn-
drome, fluid overload, and lipaemia interfering with labora-
tory tests and continuous renal replacement therapy [10–12, 
38, 41,42]. Nonetheless, attributing an adverse effect to a sin-
gle treatment given simultaneously with other treatments in 
an acute setting is difficult.

Also, assessing the efficacy of intravenous lipid emulsion 
in critically ill patients might be challenging due to potential 
changes in pharmacokinetics in critically ill patients. Acidosis 
could significantly alter the pharmacodynamics of treatments. 
Using Log P to determine drug lipophilicity may not au
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accurately reflect lipid solubility in patients, as it does not 
account for ionized drugs. Additionally, the pH used for Log 
P calculations may not match patient conditions. Mullins and 
colleagues [43] suggest using Log D at pH 7.0, which might 
be more appropriate. Hydroxychloroquine has a Log D of 
1.08, lidocaine 0.83, and bupivacaine 2.45 at pH 7.0 [41]. At 
this pH, bupivacaine remains highly lipophilic, whereas 
hydroxychloroquine and especially lidocaine become rela-
tively more hydrophilic. Thus, the effectiveness of intravenous 
lipid emulsion in bupivacaine toxicity may differ from its 
effectiveness in hydroxychloroquine poisoning and could 
depend on pH status or other patient parameters.

Limitations

The review comprises a limited number of case reports, 
with variability in data quality and completeness, hindering 
the ability to draw definitive conclusions. Many of these 
case reports lacked essential details regarding the 

administration of intravenous lipid emulsion and its assumed 
effects. Also, the variety of case presentations and the 
simultaneous administration of other medications introduce 
complexity in attributing observed effects solely to lipid 
emulsion therapy. Publication bias may also favour cases 
with successful outcomes.

Conclusion

Among published case reports, 15 out of 18 patients who 
received lipid emulsion for treatment of hydroxychloroquine 
poisoning survived. The only reported adverse event con-
cerned transiently increased lipase activity and C-reactive 
protein concentration in a patient without any clinical 
signs of pancreatitis. Reporting bias, the small number of 
reports, heterogeneous reporting of both favourable and 
adverse effects and the lack of controls each limit conclusions 
about the effectiveness of lipid emulsion for hydroxychloroquine 
poisoning.

Figure 1. identification of studies. 
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Table 2. Reported symptoms among the 18 patients analysed in the review.

Symptoms n
Cardiovascular symptoms

“Hypotension”* 14
Pulseless ventricular tachycardia/ ventricular tachycardia 9
QTc interval prolongation (>450 ms) 8
Cardiac arrest 5
Torsade des pointes 5
QRS complex prolongation (>100 ms) 4
Premature ventricular contractions 2
atrial fibrillation 1
Bradycardia (<60 beats/min) 1
“Shock”* 1
Spontaneous recovery ventricular fibrillation 1
Tachycardia (>100 beats/min) 1

gastrointestinal symptoms
Vomiting 2
Pain 1

laboratory abnormalities
“Hypokalaemia”* 12
“Hypocalcaemia”* 2
“Elevated lactate concentration”* 2
“acidosis”* 2
“Hypomagnesaemia”* 1

neurological symptoms
altered mental status/unconsciousness/decreased glasgow Coma Scale 9
Seizures 1
Hypoxic ischaemic encephalopathy 1

other symptoms
Malaise 1
apnoea 1

Symptoms are mentioned as described in the case reports.
*Specific values are not always mentioned in the case reports.

Table 3. overview of treatment given to the 18 patients.

Treatment n
Sodium bicarbonate intravenously 16
Diazepam intravenously 12
Epinephrine intravenously 11
Potassium intravenously and orally* 9
activated charcoal orally 6
Magnesium intravenously 6
Midazolam intravenously 4
norepinephrine intravenously 4
amiodarone intravenously 3
Calcium intravenously 2
Propofol intravenously 2
Continuous kidney replacement therapy 2
ondansetron intravenously 1
Hydrocortisone intravenously 1
Phenylephrine intravenously 1
Vasopressin intravenously 1
Dobutamine intravenously 1
olprinone intravenously 1
Fentanyl intravenously 1
lidocaine intravenously 1
octreotide intravenously 1
naloxone intravenously 1
*Route of administration not always specified in reported cases.
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