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Purpose of review

The decision to provide intravenous lipid emulsion (ILE) therapy as a treatment modality for the reversal of
various drug toxicity was discovered in the last decade. Numerous publications, in both humans and
animals attest to its clinical use, but current supporting evidence is inconsistent.

Recent findings

A recent systematic review reported evidence for benefit of ILE in bupivacaine toxicity. Human randomized
trials, large observational studies as well as animal models of orogastric poisoning failed to report a clear
benefit of ILE for nonlocal anesthetics poisoning.

Summary

ILE can be used to resuscitate local anesthetics especially bupivacaine. The impact of ILE on oral overdoses
is controversial and clear evidence on benefit is lacking. A thorough risk benefit assessment with
consideration of alternative options is warranted to minimize the risk of adverse effects. Evidence supports
using bolus doses of ILE, while infusion rates are still debatable.
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INTRODUCTION

The clinical presentation of local anesthetic
systemic toxicity is a potentially severe iatrogenic
condition, showing a range of symptoms from seiz-
ures and dysrhythmias to cardiac arrest. There are no
specific antagonists to reverse local anesthetic
systemic toxicity (LAST), and treatment consists of
oxygenation, ventilation, atropine, and standard
resuscitation, but this is not always effective [1].
Clinical toxicologists and other critical care phys-
icians such as intensivists, emergency physicians
and emergency physicians continue to search to
optimize the management of poisoned patients.
Specific antidotes for the treatment of life threat-
ening poisonings are only available for a minimum
of toxins.

The rise of intravenous lipid emulsions (ILEs)
into critical care medicine stems from a fortuitous
observation in 1997, of a woman is isovaleric acid-
emia who exhibited signs of LAST (bradycardia at 20
beat per minutes with wide QRS complex) at doses
inferior to the accepted toxic amount of tumescent
bupivacaine [2]. This observation triggered the
thought as to whether or not her fatty acid
© 2017 Wolters Kluwer 
metabolism disease increased her susceptibility to
the toxic effect of bupivacaine. Following this, a rat
experiment was designed to test this hypothesis and
reported the opposite results: a dose of 20% ILE
increased the LD50 dose of bupivacaine from 12.5
to 18.5 mg/kg [3]. A series of similar experiments in
various animal species were done in the subsequent
decade with heterogeneous models using various
toxins, regimens of ILE including many pretreat-
ment experiments. Human administration of ILE
to treat LAST from a presumed bupivacaine-related
cardiac arrest was reported in 2006. However, it is
important to note that in that case, a post arrest
Health, Inc. All rights reserved.
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KEY POINTS

� ILE can be used to resuscitate local anesthetics
especially bupivacaine.

� The impact of ILE on oral overdoses is controversial and
clear evidence on benefit is lacking.

� A thorough risk benefit assessment with consideration
of alternative options is warranted to minimize the risk
of adverse effects.

� Evidence supports using bolus doses of ILE and infusion
rates are still debatable.
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cardiac catheterization revealed a total occlusion of
the right coronary artery for which the patient
received an implantable cardiac defibrillator [4].

The last 10 years in medical journals witnessed
ILE used off-label in LAST and many other substan-
ces overdose as ILE are only currently approved for
parenteral nutrition. The most recent systematic
reviews published in 2016 counted that up to
December 30st 2015, as many as 95 cases of human
local anesthetics toxicity treated by ILE and more
than a dozen animal experiments were published
[5

&&

]. Moreover, more than 178 case reports and 64
animal experiments were published with various
nonlocal anesthetics substances ranging from
cardiac medications, antidepressants to pesticides
and inhaled anesthetics [6

&&

]. However, all these
publications suffer from significant bias including
lack of control group in human studies, lack of
generalizability of the IV model of nonlocal anes-
thetics to the oral overdose clinical scenario and lack
of dose-finding and tolerability studies [7

&&

].
MECHANISMS OF ACTION

As many toxic substances with reported treatment
success with ILE treatment are lipid soluble, the
main hypothesis for ILE’s potential benefit is that
it administration in the vascular space creates a new
lipid-phase, which physically entraps lipid-soluble
compound into its core. Various names for this
mechanism circulate: lipid sink, lipid sequestration,
lipid conduit. The general idea is that toxicants are
physically attracted to a new lipid milieu, taking
them away from their original target organ which,
then reduces the toxic burden on those organs [8]. A
recent study explored the in-vitro relationship
between increasing amount of ILE in serum plasma
mixed with verapamil reports that a 1% ILE (per
volume of plasma) was able to reduce the verapamil
concentration by 70% [9]. Other in-vitro studies
reported a dose response of local anesthetic binding
 Copyright © 2017 Wolters Kluwe
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to the lipid phase proportional to the degree of
lipophilicity [10–12]. Human cases with evidence
of lipid sequestration and the metabolic fate of the
toxicant-lipid combination are unfortunately still
lacking [13].

The second mechanism by which ILE would
promote cardiovascular hemodynamic recovery is a
bioenergetics one. Free fatty acids generate more ATP
per mole than glucose [14]. Thus, the theory is that
more free fatty acid will, by mass effect, or specific
enzymatic action, overcome the block from bupiva-
caine [15]. The most recent studies reported that the
effect of a large bolus of Intralipid 4ml/kg was also
studied in a porcine model compared to Ringer acetate
fluid. The mitochondrial respiration increased by
approximately 30% with the lipid group. Moreover,
the AUC of the lipid-un-entrapped bupivacaine por-
tion was 8% lower than that of total bupivacaine,
which was highly statistically significant but without
change in cardiac function [16]. The complex relation-
ship between local anesthetics on the regulation of
glucose homeostasis by protein kinase B and-adeno-
sine monophosphate–activated protein kinase is still
in early stage of understanding and limited to in-vivo
experiments showing reduction of local anesthetics
glucose metabolism impairment by ILE [17]. Clinical
data is much needed to answer the change in metab-
olism occurring in local anesthetic toxicity and their
modulations by ILE.

The third hypothesis is that of favorable mem-
brane potentials alteration by fatty acids, as con-
taining in ILE on intracellular calcium or sodium
channels. The scarce studies on this topic are limited
to experimental models of isolated cardiomyocytes
cells (guinea pigs or bathed in ILE) [18,19] and their
results cannot be extrapolated to clinical poisoning.
LOCAL ANESTHETIC TOXICITY

Based on the available literature, the definitive
benefit of using ILE in LAST is yet unproven as many
studies report conflicting results. Data relating to
bupivacaine appears more positive than for other
local anesthetics [20]. The only randomized con-
trolled study in humans recently investigated the
effect of ILE in local anesthetics toxicity [21

&

].
Eleven healthy volunteers received a continued
infusion (8 ml/kg, 120 mg maximum dose) of either
ropivacaine or levobupivacaine in a cross-over
design combining the local anesthetic with either
ILE or placebo (saline). Placebo or ILE infusion
started 2 min after LA infusion. Onset of CNS
toxicity served as primary endpoint for the LA infu-
sion, and by early signs of toxicity infusion stopped.
The cardiovascular toxicity was measured using the
electrocardiographic parameters QRS duration, PR
r Health, Inc. All rights reserved.
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interval, and QTc interval. Neurotoxic effects from
the local anesthetics were monitored and electro-
encephalography was performed before, during,
and after infusion. Pharmacokinetic parameters of
the local anesthetics were calculated based on con-
tinuous venous blood sampling throughout the 8 h
study days. QRS prolongation was present in all
patients when LA infusion ended compared to base-
line. There was no difference in QRS, PR, or QTc
duration between the groups, and no difference in
the doses of local anesthetic needed to induce neuro-
toxicity (typically dizziness and dysarthria, but also
tinnitus, paresthesia and blurred vision) or electro-
encephalographic changes. Pharmacokinetic model-
ing showed a 26 and 30% decrease in maximum
serum concentration of ropivacaine and levobupiva-
caine respectively, but no effect on total body clear-
ance compared to placebo. The study was unable to
find any effect of ILE on clinical findings in moderate
toxic doses of ropivacaine or levobupivacaine, and
the observed increase in QRS duration and QTc inter-
val was not modified by ILE [21

&

].
Inconsistent results were observed from the ot-

her available animal studies. The majority of the
animal studies used bupivacaine. In the controlled
animal studies, approximately half of the studies
favored ILE while the other half favored vasopressors
or a combination of ILA and vasopressors [22–32].
The animal studies were not generalizable to human
settings because of limited observation of test sub-
jects and that conclusions on efficacy were based on
cardiovascular variables only, not including effect
on neurologic symptoms as the animals were anes-
thetized. Furthermore, the heterogeneity of the dose
of ILE administered adds to the problematic extra-
polation of data to clinical poisoning scenarios in
humans or animals.

The majority of human studies of ILE in LAST are
of very low evidence (case reports and case series)
with a great variation in symptoms prompting the
clinical decision to initiate ILE. The ILE regimens,
bolus (amount and number) with or without infu-
sion, the infusion rate, the maximum volume, the
delay of administration of ILE from the onset of
toxicity, the lipid formulation used, the measured
outcomes and concurrent treatments are too varied
and heterogeneous to be able to tease out any iso-
lated effect of ILE allowing refinement of the dosage
and indications of this therapy [5

&&

].
NON-LOCAL ANESTHETICS

A recent systematic review [6
&&

] published the most
comprehensive collection of articles on the use of
ILE and various other drugs. Over 150 different
case report with various outcomes use ILE in
 Copyright © 2017 Wolters Kluwer 
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heterogeneous fashion, so that any meaningful con-
clusions on the efficacy of ILE was impossible. Three
human randomized controlled trials exist. One
reports on the efficacy of ILE in the reversal of coma
after lipophilic drug overdose in 30 patients pois-
oned with different and often multiple prescription
medications. The ILE group Glasgow coma scale
improved by a mean of three points while the con-
trols had a mean improvement of two points. These
results, although statistically significant, are of ques-
tionable clinical significance and the patient selec-
tion process contained several methodological
limitations [33]. A few months after, the largest
observational study or case series of ILE was
reported. Based at a poison center, 36 cases were
prospectively collected in which ILE was used for
oral nonlocal anesthetics. The survival rate was 69%.
This study was unable to demonstrate a meaningful
increase in mean arterial pressure [34

&

].
ANALYTICAL INTERFERENCES

The replacement of 10% or more of the blood volume
with ILE causes an excess of lipids in circulating blood
and a transient state of hyperlipidemia. The visual
inspection of blood sample to quantify lipidemia
poorly correlates compared to automated methods
[35]. This excess lipid affects the measurements of
various analytes central for the monitoring of the
poisoned patient’s condition for hours. Examples of
maximum reported interferences are bilirubin
[direct] (1150%), D-dimer (-43%), glucose (377%),
hemoglobin (125%), lactate (100%), magnesium
(322%), and blood cells variations included white
blood cells (25%), red blood cells (43%), and platelets
(300%). Though the accepted definition of signifi-
cant interference is not uniform, considerable vari-
ations are still noted with ILE. [36,37]. Variations also
include interlaboratory differences in results depend-
ing on the analyte and the automated analysis plat-
form used [38

&&

]. Caution is needed to the potential
analytical interferences from the lipemia caused by
ILE infusion during treatment of the poisoned
patients, and clinicians are encouraged to draw
relevant blood samples immediately prior to ILE
infusion in order to estimate the potential interfer-
ence of the therapy on the analytical measures [38

&&

].
CLINICAL ADVERSE EFFECTS

The faster administration rate of ILE in poisonings
compared to its use in total parenteral nutrition led to
the occurrence of adverse effects [39

&&

]. Fat overload
syndrome, fat embolism, priapism, and respiratory
complications ranging from simple hypoxia by inter-
ference with gas exchange to acute respiratory
Health, Inc. All rights reserved.
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distress syndrome (ARDS) and ventilator-dependent
respiratory failure are reported. Studies with more
controlled designs are needed in order to determine
if the reported respiratory complications like ARDS
are caused by the ILE or emerge from the critical
conditions of the poisoned patient.

Neurologic effects following ILE use was recently
reported in a case of lipid overload from inadvertent
ILE overdose in a 11-year old patient (55.6 kg) [40].
The patient received 54 mg mepivacaine injection
for a dental procedure. Suspicion of toxicity was
raised by the development of symptoms comparable
to LAST. A total of 3670 ml ILE was administered
over 7 h. The neurologic effects were declining men-
tal status, somatic pain, persistent headache, and
brain magnetic resonance imaging showed high
signal in the dural venous sinuses from the high
intravascular lipid concentration. Further symp-
toms from the lipid overload included tachypnea,
tachycardia, metabolic acidosis, and the interpret-
ation of laboratory tests were challenged. The event
history of the case suggested that the initial symp-
toms were likely an anxiety reaction to the dental
procedure rather that LAST, and the following
neurological symptoms were complications due to
the excessive ILE dosing.
INFLUENCES ON OTHER THERAPIES

Binding of concurrent medications

Other therapies that may be needed during the
treatment of life threatening conditions may also
be affected by ILE considered. If ILE have a lipid
entrapment effect on toxic molecules, it can also do
the same to the other medications. There are no data
to inform on the impact of ILE on concurrent anti-
dotal efficacy, for example, vasopressors or acetyl-
cysteine. These effects on concurrent medications
are seldom addressed in the current literature.
Incompatibility with extracorporeal circuits

ILE with renal replacement therapies causing
increased trans-membrane pressure and clotted filters
and fat deposits in Extracorporeal membrane oxygen-
ation circuits and increased blood clot formation were
described for both drug poisoning cases [41–43] and
patients in need of parenteral nutrition [44].
ANIMAL MODELS EXTRAPOLATION

Pig allergy

Animals may differ in their responses to ILE compared
to humans. A complement activation-related pseudo
 Copyright © 2017 Wolters Kluwe

0952-7907 Copyright � 2017 Wolters Kluwer Health, Inc. All rights rese
allergy reaction in pigs was reported in models using
both local anesthetics and nonlocal anesthetics , ren-
dering the pig in ILE resuscitation models potentially
problematic [47]. However, other authors found no
difference [48] and veterinary reviews discussing
clinical applications of ILE to pets did not discuss this
issue [49]. This may affect some subspecies of swine to
an unknown degree. Pig studies therefore continue to
be included as worthy experimental models. Never-
theless the degree of extrapolation possible to humans
remains imprecise [5

&&

,6
&&

,17].
Human overdose model

The extrapolation of outcome data from animal
models into clinical practice may not be possible.
In animal models, toxins are administered intra-
venously whereas the majority of the reported
clinical poisonings, except for local anesthetics,
are by the oral route. Furthermore, the interspecies
variability in ILE efficacy is not reported.
TYPE OF LIPID EMULSION

The ILE are produced in concentration of 10, 20, or
30% lipid content. While ILE 30% was investigated
in some animal studies/local anesthetics and one
human study/inhalation anesthetic [5

&&

,6
&&

], the
majority of human reports administer the 20%
ILE concentration, and data on the other formu-
lations are insufficient for any conclusions.

Concerns were reported with the use of oleic
acid medium chain formulations such as ClinOleic
TM as sodium oleate given in large quantity was
used to create ARDS in earlier studies [50]. One study
reported similar efficacy in an animal model for long
versus medium chain ILE [45] while two others
reported better efficacy with long chain ILE [51–
53] No human studies compared efficacy or adverse
effect of administration of medium chain and long
chain lipid in doses used in the lipid resuscitation,
and most reports use long chain lipid while medium
chain lipid is a rarity [5

&&

].
DOSING

The most commonly reported dosing regimen is a
bolus of 1.5 ml/kg followed by an infusion of
0.25 ml/kg/min of 20% ILE. This initial regimen
proposed for ILE in resuscitation situations was an
arbitrary one. To this date, the dose–response
relationship for treating any human poisonings
with ILE remains unclear and clinical dosing regi-
mens are nonvalidated [7

&&

]. Although an interest-
ing theoretical model using data from three cases
attempted to provide some guidance, [54] real
r Health, Inc. All rights reserved.
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clinical data are still absent. As such, recognizing the
absence of controlled clinical data on the matter,
the American College of Medical Toxicology
updated guidelines, cautioned clinicians on balanc-
ing the amount of ILE use with the risk of lipid
overload and a maximum of 10 ml/kg total dose
was suggested [55]. This dose is often described in
the literature; however, there is a great variety of
reported bolus doses, infusion doses and rates,
duration, and the benefit from an infusion after
bolus vs. bolus alone remains unevaluated [7

&&

].
INDICATIONS OF INTRAVENOUS LIPID
EMULSION

There are no new data to support any changes in the
evidence-based recommendations on the use of ILE
therapy in poisoning that were published in 2016 by
the Lipid Emulsion Workgroup [7

&&

].
Local anesthetics

Bupivacaine is the local anesthetic supported by the
majority of data compared to other local anes-
thetics. Keeping in mind the level of evidence,
bupivacaine is the only local anesthetic for which
ILE could be recommended. The recommendation
was to use ILE after standard resuscitation is started
in cardiac arrest because of bupivacaine toxicity.
Furthermore, ILE was suggested as part of the treat-
ment modalities in life-threatening toxicity due to
bupivacaine, and use was recommended if other
therapies fail or in last resort. For other local anes-
thetics, ILE was suggested in life-threatening
toxicity if other therapies fail or in last resort [7

&&

].
Nonlocal anesthetics

Neutral recommendations were reached for the use
of ILE for cardiac arrest due to nonlocal anesthetics
with the published data that was available to the
workgroup. It was suggested that ILE is not to be
used as first line therapy for the management of life-
threatening toxicity from amitriptyline, nonlipid
soluble beta-receptor agonists, bupropion, calcium
channel blockers, cocaine, diphenhydramine, lamo-
trigine, and malathion. ILE was suggested in life-
threatening toxicity, if other therapies fail or in last
resort, from amitriptyline and bupropion [7

&&

].
CONCLUSION

After almost two decades from the initial event that
triggers the onset of ILE as an antidote and over ten
years of use in humans, there is still much that we do
not know about lipid emulsions mechanism of
 Copyright © 2017 Wolters Kluwer 
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action and its metabolism at high doses such as
recommended for toxicological resuscitation. The
impact on analytical interferences is well described
but information on how other co-administered
treatments may be altered with ILE is unknown.
As adverse effects may not be as rare as initially
proposed and the efficacy of ILE in oral overdoses
controversial, its use beyond LAST resuscitation
should be considered in situations where careful
balance between expected efficacy, potential harms,
and alternative options have been evaluated.

As opinion articles and case reports with
inherent publications bias continue to be published,
without any tangible addition to the body of scien-
tific data literature, we cannot overemphasize the
need for dose-finding studies and controlled trials
with models that resemble the clinical scenarios
encountered by physicians treating sick poisoned
patients presenting at various times post ingestion.
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