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Intralipid®, the soya bean oil-based nutritional lipid emulsion
for intravenous administration, has maintained a remarkably
safe record for more than 50 years. In conventional use, its
rare adverse effects consist of pancreatitis, hepatic failure, dys-
pnoea and anaphylaxis, and these are usually due to overdose
or too rapid infusion rate [1,2]. Intralipid® and other similar
stable lipid emulsions have also pharmaceutical application as
vehicles for various drugs such as diazepam, etomidate and
propofol.
The idea of a possible antidotal effect of intravenous lipid

emulsion on the action of lipophilic drugs was presented
already in 1962 by Russell and Westfall who showed that bar-
biturate anaesthesias in rats were shorter when lipid emulsion
was administered [3]. In 1998, Weinberg and colleagues
reported that bupivacaine toxicity was reduced following pre-
treatment or resuscitation with intravenous lipid emulsion in
rats [4]. The first patient with local anaesthetic systemic toxic-
ity (LAST) treated with lipid emulsion with alleged successful
effect was reported in 2006 [5] and the first patient treated
because of an oral overdose of lipophilic drugs in 2008 [6].
Since these publications, the use of lipid emulsion as an anti-
dote (lipid rescue) has increased rapidly worldwide. Starting in
Great Britain in 2007 [7], anaesthesia associations and soci-
eties in several countries have launched guideline recommen-
dations regarding the use of 20% lipid emulsion in LAST.
The recommended dose would result in the administration of
approximately 630 ml in 30 min. to a 70-kg patient, which
deviates markedly from the established routine in nutritional
therapy; that is, ‘not more than 500 ml of 20% lipid emulsion
should be infused on the first day of intravenous nutritional
therapy’ [1]. Among the medical toxicology societies, The
American College of Medical Toxicology was first to publish
a guidance statement regarding lipid resuscitation therapy in
2011 [8].

Perfused isolated rat heart [9–12], or some other variable
experimental study design [13,14], has been used to demon-
strate an antidotal effect of intravenous lipid emulsion on car-
diotoxicity of local anaesthetics. Notably, many of the reports
of such studies originate from one research group
[4,9,13,14]. An increasing number of controlled animal stud-
ies have not, however, reported positive effects of this ther-
apy in LAST [15–19]. Several experimental studies on the
presumed beneficial effect of lipid rescue on the toxicity of
other drugs than local anaesthetics have been negative or
shown the opposite effect [20–22]. There is no well-designed
controlled clinical study performed, wherefore the nearly two
hundred published case reports and abstracts on the use of
lipid rescue in LAST or oral poisonings represent the avail-
able human data [23,24]. When evaluating these cases, one
should consider the importance of three well-known realities:
firstly, the immense impact of publication bias; secondly, the
fact that poisoning-induced signs and symptoms, in particular
local anaesthetic-induced symptoms, often rapidly vanish
spontaneously or after established therapeutic measures;
thirdly, in a vast majority of the reported cases, also
other resuscitative treatments have been given more or less
simultaneously.
The authors of several review articles have analysed these

cases and reported essentially the same conclusions, namely
unclear mechanisms of action of lipid emulsion, lack of con-
trolled human studies and not negligible adverse effects, and
finally recommended that lipid rescue may be indicated in
life-threatening lipophilic drug-induced symptoms when estab-
lished therapy has failed [25–28]. In some of these reviews,
experts have independently examined the cases according to
an assessment form grading the probability for a causal con-
nection between lipid rescue and improved symptoms. In most
of the cases, the causal connection was assessed as uncertain,
that is ‘probable’, ‘possible’ or ‘unlikely’ [27,28]. No correla-
tion, not even a tendency towards correlation, was found
between the ratings of the cases and the fat solubility of the
respective toxins [28].
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During the recent decade, a sliding of the indications for
lipid rescue has occurred in clinical practice worldwide.
Today, it is not uncommon that emergency physicians and
intensivists give lipid rescue to patients who have overdosed
a lipophilic drug orally, despite the lack of scientific
support in this scenario. In fact, controlled experimental
studies have shown worse outcome in orally poisoned ani-
mals given lipid rescue [29,30]. In some parts of the world,
the enthusiasm for lipid rescue has reached a point when
lipid emulsion is given as prophylaxis or as first-line
therapy to patients with only moderate toxic symptoms after
ingestion of modest toxic doses of lipid-soluble drugs [31].
If lipid rescue would be regarded as a primary therapy in
patients with life-threatening symptoms, there is a risk that
it steals valuable time from established potentially life-
saving therapies, some of which lipid emulsion may
counteract.
The initially proposed ‘lipid sink theory’ as an antidotal

mechanism of action of lipid emulsion was readily assimilated.
However, several reported cases of alleged successful outcome
as a result of lipid rescue have involved only marginally lipo-
philic toxins. The recommended dose of lipid emulsion as
antidote in human beings did not result in a significantly
increased binding of bupivacaine or lidocaine to the lipid
phase in plasma [32,33]. Other currently used local anaesthet-
ics and most orally ingested toxins are less lipophilic than
bupivacaine. Experiments in pigs, on the other hand, have
shown that the strongly lipophilic anti-arrhythmic drug amio-
darone (104 times more lipophilic than bupivacaine) is mark-
edly bound to the lipoid plasma during lipid emulsion infusion
[34]. Further, lipid emulsion was shown to increase the total
plasma concentration of the lipophilic amitriptyline by reduc-
ing its distribution into highly perfused tissues and by facilitat-
ing its transfer back to plasma [35]; that is, the lipid emulsion
seemed to serve more like a vehicle than a sink [36]. In this
context, it is worth noticing that during the absorption phase
of an oral overdose of lipophilic drugs such as amitriptyline or
verapamil, lipid emulsion may facilitate absorption from the
gastrointestinal tract and thereby aggravate the poisoning
[29,30]. Other theories for antidotal mechanisms of lipid emul-
sion are metabolic mechanisms, for example proposed action
on ionic channel permeability and on fatty acid utilization by
the myocardium. The metabolic effects of lipid emulsion on
the heart, which are suggested to aid in resuscitation from
drug-induced severe cardiotoxicity, for example cardiac arrest,
have been shown in experimental animals only with very high
doses of lipid emulsion, 3 to 10 times those recommended in
guidelines [14,37–40]. A direct translation of such doses into
clinical therapy would make lipid rescue dangerous or
impossible.
Adverse effects of lipid rescue have been largely ignored

but increasingly reported. Valuable laboratory analyses, such
as glucose, haematocrit, WBC, electrolytes and acid-base sta-
tus, have not been possible to perform during several hours
after lipid rescue because of laboratory interference caused by
lipaemia [41–43]. Further, lipid rescue has been associated
with the development of pancreatitis [31,42], severe

pulmonary injury in the form of ARDS [42,43] and of deep
venous thrombosis [44]. The use of extracorporeal membrane
oxygenation after or during lipid rescue may be associated
with fat deposition in the VA-ECMO circuits and increased
blood clot formation [45]. It has been repeatedly reported that
lipid rescue has rendered renal replacement therapy impossible
because of filter collapse [43,46,47]. Moreover, Cole and col-
leagues reported two orally intoxicated patients who had car-
diac arrest immediately after the lipid rescue bolus and finally
had fatal outcome [48]. According to a very recent systematic
review of clinical adverse events after lipid rescue [49], such
events seemed to be proportional to the rate of lipid infusion
as well as to the total dose.
Two systematic reviews from the American Academy of

Clinical Toxicology’s created workgroup Lipid Emulsion
Therapy Workgroup were recently published [23,24]. The
review on intravenous lipid emulsion for LAST concluded that
lipid rescue appears to be effective in some cases of LAST,
but there is currently no convincing evidence showing that it
is more effective than vasopressors [23]. The review on lipid
emulsion for non-local anaesthetics toxicity concluded that the
quality of evidence for lipid rescue being an effective antidote
in these scenarios remains low to very low [24]. There was no
recommendation given regarding indications for lipid rescue in
neither of the articles.
Considering the lack of evidence for positive effects of lipid

rescue and its increasingly reported adverse effects, it is rea-
sonable to be conservative in its use in clinical practice until
better evidence on its efficacy and safety is available. In our
opinion, this applies not only for oral poisonings but also for
the patients with LAST. Adequate oxygenation, prompt insti-
tution of basic resuscitative measures and therapies with
already validated specific antidotes in certain poisonings must
not be delayed.
We conclude that it is high time to damp down the overen-

thusiasm for lipid rescue. If used uncritically, intravenous lipid
emulsion may do more harm than good to the poisoned
patients.
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