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ABSTRACT

The use of intravenous lipid emulsion (ILE) is thought to reverse the acute neurological and cardiac toxici-
ties generated by local anesthetic and non-anesthetic drugs. The aim of this review is to provide an updated
overview of ILE therapy in the management of the toxic effects of medications on humans. Indications,
mechanisms of action, monitoring, dosing, lipid formulations, adverse effects, and contraindications related
to ILE are highlighted. Although ILE therapy was initially utilized for local anesthetic toxicity, its use has been
extended to patients with overdoses or poisoning induced by various non-local anesthetic drugs. It has been
proposed that intravenous lipid droplets generate a discrete lipophilic phase in the bloodstream into which
liposoluble drugs preferentially partition. This partitioning effect, known as the lipid sink phenomenon, is
thought to decrease the quantity of drug content in tissues in vital organs. At the same time, other studies
have also described several molecular mechanisms that may contribute to ILE efficacy. Potential adverse
effects of ILE have also been identified, such as pulmonary toxicity, hypertriglyceridemia, acute pancreatitis,
interference with laboratory measurements, fat overload syndrome, worsening of systemic absorption of
toxin, and hepatic dysfunction. Intravenous lipid emulsion therapy is gaining wider acceptance in critical care
units and emergency rooms as a possible treatment modality for liposoluble drug toxicity. Currently, recom-
mendations on ILE administration in clinical toxicology are mainly based on published case reports and animal
studies. Thus, further clinical studies are required to increase knowledge about ILE therapy.
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Introduction

Lipid emulsions have been developed to supply nutritional requirements to patients unable to
receive adequate enteral nutrition. The use of lipid emulsion (LE) in critically ill patients provides
essential fatty acids and calories. Intravenous LE (ILE, also known as lipid resuscitation, intra-
venous fat emulsion, or lipid emulsion therapy) is a mixture of soybean oil, egg phospholipids,
and glycerol. Intravenous lipid emulsion is also utilized as a solvent for intravenous drug delivery
of liposoluble drugs such as etomidate, amphotericin, and propofol. Moreover, the potential
for ILE administration to act as an antidote for the prevention of drug toxicity has been revis-
ited within the last 3 decades.' That is, LE is used to supply calories to those unable to take
enteral sustenance, while ILE is the use of LE to reverse, for instance, local anesthetic toxicity.
Cardiovascular failure is the most life-threatening complication of local anesthetic intravascular
injections or systemic absorption during regional anesthesia. Local anesthetic systemic toxicity
(LAST) is a life-endangering situation with an incidence presently estimated to be 0.03% or 0.27
episodes per 1000 peripheral nerve blocks.? Intravenous lipid emulsion therapy was first applied
for recovery from local anesthetic toxicity in experimental research. In 1998, Weinberg et al,®
documented the successful use of ILE infusion in the reversal of bupivacaine-induced toxicity in
rats. Follow-up experiments in dogs confirmed the efficacy of ILE in reversing the toxic effects
of bupivacaine overdose.* After these reports, ILE was investigated in animal models for toxicity
from a variety of liposoluble drugs. The first clinical translation of ILE administration was stated
in 2 separate cases of LAST in 2006 by Rosenblatt et al® and Litz et al.® Furthermore, the first
clinical case of ILE therapy in a patient with toxicity generated by a non-local anesthetic drug was
documented in 2008. Sirianni et al” reported that infusion caused the recovery of a | 7-year-old
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female patient with severe seizures and car-
diovascular depression due to toxic doses of
lamotrigine and bupropion. Patients with under-
lying heart disease, such as baseline conduc-
tion defects and coronary artery disease, have
been demonstrated to be at augmented risk
for cardiotoxicity induced by local anesthetics.'
Intravenous lipid emulsion therapy has been
effectively used to treat LAST in a broad range
of patients, i.e,, from neonates to the elderly.®
Patient risk groups include those at extremes of
age (<6 months old and elderly), renal failure,
heart failure, hepatic failure, presence of cardiac
conduction defects, pregnancy, and those with
certain metabolic pathway deficiencies. In these
groups, the dose is reduced appropriately, and
extra caution must be applied.” The use of ILE as
an antidote is best evaluated for the treatment
of LAST. Intravenous lipid emulsion was later
found to be effective in cases of intoxication
with a variety of other lipophilic drugs.? It has
been used successfully in the overdose of sev-
eral drugs. The Association of Anaesthetists of
Great Britain and Ireland (AAGBI), in their 2007
guidelines for the treatment of LAST, has rec-
ommended the use of ILE therapy.'® Emergency
physicians also recommend keeping lipid emul-
sions near all resuscitation rooms for toxicologi-
cal emergencies. Intravenous lipid emulsion can
have a considerable rescue effect, as reported in
many guidelines, albeit with multiple confound-
ing biases due to the absence of proper ran-
domized trials.'>'2 This paper reviews updated
information and recommendations on LE thera-
pies and provides evidence for the management
of acute drug poisoning in patients. It should be
pointed out that toxicities related to organo-
phosphates, parasiticides, herbicides, pesticides,
and rodenticides can also be successfully treated
with ILE, but these agents are outside of the
scope of this review.

Indications

Intravenous lipid emulsion therapy is cur-
rently recommended for the treatment of
LAST by professional societies, including the
American Society of Regional Anesthesia and

* Intravenous lipid emulsion therapy was initially
utilized in the treatment of local anesthetic tox-
icity, but its use in acute poisoning is of growing
interest.

* Given the cardiovascular benefits seen in case
reports, it is now successfully used for the rever-
sal of various non-local anesthetic drug toxicities.

*  The mechanism by which lipid emulsions are so
beneficial is not fully understood; therefore, more
studies are required to better understand their
mechanism of action, optimal dosing, other possi-
ble indications, adverse effects, and complications.

Pain Medicine (ASRA)."? Intravenous lipid emul-
sion therapy is also proposed as an adjunct to
advanced cardiac life support (ACLS) proto-
cols in suspected LAST-induced cardiac arrest,
according to the American Heart Association
(AHA) guidelines.”

The rates of LAST are still debated and may
be much higher. For instance, the rate identi-
fied by Rubin et al'* is on the order of 2/1000.
Local anesthetic systemic toxicity is sometimes
refractory to ACLS measures. However, the
accidental subarachnoid injection of local anes-
thetics can result in progressive hypotension,
normovolemic shock, and fatality. The initial
symptoms of LAST are secondary to central
nervous system (CNS) involvement, as local
anesthetics first suppress the inhibiting pathways
in the brain. Cardiovascular toxicity may mani-
fest clinically as the development of arrhythmias
and myocardial depression, secondary to inhi-
bition of sinoatrial and atrioventricular node
conduction. This may manifest on an electrocar-
diogram as prolonged PR, widening of the QRS
complex, and atrioventricular blocks of varying
degrees. The patient may develop bradycardias
and re-entrant tachyarrhythmias, along with life-
threatening ventricular tachycardia or fibrillation.
If a patient with LAST develops cardiac arrest,
it may be refractory to standard resuscitative
measures or general supportive treatments,
more so if the involved agent is a long-acting
local anesthetic like bupivacaine. The presence
of cardiovascular symptoms at the time of pre-
sentation indicates severe toxicity and poor
outcomes. Intravenous lipid emulsion therapy is
now commonly accepted as a standard thera-
peutic intervention following LAST resulting
from intravascular local anesthetic injections,
inadvertent local anesthetic overdoses, and
rapid local anesthetic absorption effects from
injections in mostly vascular sites. In addition to
its use during resuscitation, ILE was utilized to
treat milder clinical scenarios of LAST, such as
altered consciousness and cardiac dysrhythmias,
without loss of pulse.'"?

In the setting of cardiovascular collapse, ILE is
recommended with cardiopulmonary resus-
citation and standard ACLS. Particularly, the
mechanism of toxicity has significant implications
for the management of cardiac arrest in the set-
ting of LAST. Since standard dosing can inter-
fere with lipid resuscitation and impair therapy,
epinephrine for treating hypotension is adminis-
tered to patients with LAST at lower than usual
doses (boluses of <| pg/kg). Vasopressin should
be avoided, as it may further decrease tissue
perfusion and cardiac output. Bradycardia and
hypotension can be managed with conventional

therapies.” Local anesthetic drugs that can ben-
efit from ILE administration are presented in
Table I.

Role in Non-local Anesthetic
Toxicity

Reported cases of successful resuscitation show
the efficacy of ILE administration for treat-
ing non-local anesthetic toxicity across a large
spectrum of drugs, including antiarrhythmics,
p-blockers, tricyclic antidepressants, amphet-
amines, psychotropic agents, antiepileptics, and
calcium channel blockers.'" These drugs do not
have a common mechanism, site of action, clini-
cal effects, or chemical structure, but only high
lipid solubility appears to be common among
them. The administration of ILE can be consid-
ered adjunctive therapy for refractory hypoten-
sion with liposoluble drug overdoses, especially
if it is associated with bradycardia. Thus, ILE is
a promising therapy for the treatment of drug-
induced cardiogenic shock." Local and non-
local anesthetic drugs, whose toxic effects can
be treated with ILE as an antidote, are listed in
Table I.

[-blockers

Intravenous lipid emulsion can have a poten-
tial role in selected cases of severe f-blocker
overdose. Some reports include metoprolol,'®
carvedilol,'® and propranolol overdose.'® There
is also a report of improvement after ILE in a
case of severe propranolol toxicity in a 7-month-
old infant.® Intravenous lipidemulsi on therapy is
reasonable in B-blocker-poisoned patients who
have cardiovascular collapse unresponsive to
other interventions, but caution is warranted
given reports of sudden asystole after LE in this
situation. The optimal formulation and dose of
LE for this purpose are unknown."!” Further
study appears to be necessary for elucidating
the effect of ILE on B-blocker toxicity.

Calcium Channel Blockers

The first case of sustained-release verapamil-
induced toxicity treated with ILE was pub-
lished by Young et al'® in 2009. Intravenous
lipid emulsion probably functions as a lipid sink
that decreases free verapamil concentration in
human serum and rapidly reverses depressed
cardiomyocyte contractility in the continued
presence of verapamil. Intravenous lipid emul-
sion administration has proven to be an effective
and plausible therapy for verapamil and diltiazem
overdoses.'”'® The Lipid Emulsion Workgroup's
evidence-based recommendation on the use of
ILE in CCB overdose indicates that in the setting
of life-threatening and non-life-threatening CCB
intoxication, ILE should not be administered as
first-line therapy. The use of ILE is reasonable
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Table 1. Local and Non-local Anesthetic Drug Intoxicants for Which Reports Indicate Possible Benefit with Intravenous Lipid Emulsion

Antipsychotics

*  Acepromazine

*  Chlorpromazine
¢ Clozapine

¢ Haloperidol

¢ Olanzapine

e Prothipendyl

*  Quetiapine

Barbiturates

*  Pentobarbital

*  Phenobarbital

e Thiopental
Amphetamines

¢ Amphetamine

¢ Methamphetamine

Antiarrhythmics

SNRI

*  Atomoxetine
Antihypertensives
*  Clonidine

*  Doxazosin
Antimalarial
Antirheumatic

drugs

Local and Non-local Anesthetic drugs
Toxic Effects can be Treated with Intravenous Lipid Emulsion Administration
Local anesthetics Antidepressants
*  Bupivacaine *  Amitriptyline
*  Cocaine *  Amoxapine
* Levobupivacaine *  Bupropion
¢ Lidocaine » Citalopram
¢ Mepivacaine *  Clomipramine
e Prilocaine *  Desvenlafaxine
* Ropivacaine e Dosulepin
p-blockers ¢ Dothiepin
¢ Atenolol *  Doxepin
*  Bisoprolol e Escitalopram
e Carvedilol ¢ Fluoxetine
e Labetalol e Imipramine
¢ Metoprolol e Mirtazapine
¢ Nebivolol *  Quetiapine
e Propranolol *  Sertraline
Antidiabetic * Trazodone
*  Metformin *  Venlafaxine
Bronchodilator Antidiarrheal
*  Theophylline *  Loperamide

e Trazodone ¢ Amiodarone *  Chloroquine

CCBs *  Flecainide *  Hydroxychloroquine

*  Amlodipine *  Propafenone Skeletal muscle relaxants
* Diltiazem Antihistamines *  Baclofen

*  Nifedipine *  Diphenhydramine *  Cyclobenzaprine

*  Verapamil e Hydroxyzine Z-drugs

Antiepileptics Opioid analgesics *  Zolpidem

»  Carbamazepine *  Tramadol »  Zopiclone

* Lamotrigine Anthelmintic

*  Phenytoin *  Ivermectin
Benzodiazepines CNS stimulant

*  Alprazolam +  Caffeine

Antitussive

¢ Dextromethorphan

CCBs, calcium channel blockers; CNS, central nervous system; SNRI, selective norepinephrine reuptake inhibitor.

for CCB-triggered severe cardiovascular toxic-
ity that persists despite maximal treatment with
standard resuscitative protocols and extracor-
poreal membrane oxygenation (ECMO) and
other extracorporeal life support, or ACLS,
which are not available.'" Despite the high num-
ber of reports, however, ILE is not yet proposed
by the current guidelines for the treatment of
CCB poisoning.

Antidepressants

Intravenous lipid emulsion is indicated to be
beneficial in reversing cardiovascular toxicity
caused by several liposoluble antidepressants,
such as quetiapine, bupropion, and amitriptyline
(Table 1). Evidence-based recommendations
suggest the administration of ILE for life-endan-
gering bupropion overdose after other thera-
pies fail.”!" It was reported that the early use of
LE in an overdose of amitriptyline via orogastric
administration elevated plasma amitriptyline and
reduced survival, implying that early adminis-
tration of LE may increase the gastrointestinal
absorption of highly liposoluble amitriptyline by
the blood containing the LE used to perfuse the
gastrointestinal mucosa.'” Given the currently
available data, ILE is reasonable for cardiac arrest
after cyclic antidepressant poisoning and for
refractory hypotension or cardiac dysrhythmias

if other interventions fail but should not be used
as afirst-line therapy and should not delay efforts
to achieve sodium loading and serum alkalization
in patients with cardiovascular toxicity.

Antiarrhythmics

Intravenous lipid emulsion therapy was report-
edly successful in 2 patients with severe
flecainide poisoning and in propafenone poi-
soning."” Although the safety and efficacy of ILE
therapy in this setting remain undefined, it is rea-
sonable for those who are seriously ill, deterio-
rating, and refractory to conventional therapy.

Antimalarial/Antirheumatic Drugs

Intravenous lipid emulsion inhibits the late apop-
tosis and cardiotoxicity induced by chloroquine
toxicity."” As hydroxychloroquine is a lipophilic
drug, hydroxychloroquine poisoning is an indica-
tion for ILE therapy.?® The early supplemental
use of ILE might be an effective and safe treat-
ment to inhibit cardiac toxicity after possible
lethal intoxication with hydroxychloroquine.

Other Drugs

Published reports of ILE therapy are progres-
sively extending and have already included
cases of several lipophilic drugs, such as
Z-drugs?' the first-generation antihistamine

diphenhydramine,” and caffeine??  Elgazzar
et al® indicated that LE (SMOF lipid, 20%; a
mixture of medium-chain triglycerides, soybean
oil, fish oil, and olive oil) elevated the Glasgow
coma scale and decreased the incidence of QT
prolongation and hospital stay in acute clozap-
ine toxicity. These data support the feasibil-
ity of LE administration in the setting of acute
poisoning with clozapine. A recent case report
documented that ILE was successfully utilized
for treating ventricular arrhythmias induced by
severe prothipendyl intoxication.?* It has been
reported that severe dextromethorphan poi-
soning with serotonin syndrome was success-
fully treated with ILE» The ILE treatment has
been shown to produce a higher level of con-
sciousness, a decreased length of hospitalization,
and a diminished rate of seizure occurrence in
patients with pure tramadol poisoning.?®

Dosing and Administration

The most recent guidelines by the ASRA sug-
gest dosing for a patient in cardiac arrest is a
[.5 mlL/kg bolus of 20% LE rapidly over 2 to 3
minutes while continuing chest compressions,
followed by a continuous infusion of 0.25 mL/
kg/min."? If the patient has persistent cardiovas-
cular collapse or remains unstable, it is reason-
able to repeat the bolus dose once or twice and
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double the infusion rate. If there is evidence of
recovery, it is generally accepted to continue the
infusion for at least 10 minutes after achieving
cardiovascular stability. After initiating standard
ACLS protocols, including ensuring adequate
oxygenation and ventilation, it is recommended
that ILE be given as soon as possible after signs
of significant local anesthetic toxicity become
manifest. Several toxicology societies and poison
centers have limited the amount of ILE to an 8
ml/kg total dose and suggest several boluses
rather than an infusion to limit the adverse
effect.!! Recent guidelines indicate slower
administration (over 2-3 minutes) of the initial
bolus of LE.”* Data from several studies indicate
that ILE is more effective when given early”” and
case reports?® indicate early use can prevent
progression.

The precise dose of ILE for non-local anesthet-
ics has not been studied, and it is not known
if boluses or infusions are more effective. The
reasonable, safe total dose is also unknown
but would depend on the degree of toxicity
and response to previous doses of ILE. The
most common route of administration is IV,
either peripherally or via central catheters.
The intraosseous route was also, albeit seldom,
reported as successful. Sampson and Bedy?
reported that ILE given via the intraosseous
route successfully treated a massive verapamil
overdose in a 24-year-old woman. The advan-
tages of ILE include relatively low cost, a wide
margin of safety, ease of administration, and long
shelf life.®®

Propofol also has insufficient lipid (10%) to gen-
erate an adequate plasma lipid phase without
delivering an excessive volume (and, of course,
a dangerous amount of propofol).®' If propo-
fol is used as an ILE therapy, it would deliver a
bolus dose of 12 times the clinically used dose
of propofol. This would certainly exacerbate
drug-induced bradycardia and hypotension.
Therefore, propofol is not recommended for
ILE treatment.

Due to a lack of data, the FDA has assigned LE
to pregnancy category C for all trimesters. It is
not known whether ILE can lead to fetal harm
when given to gravid patients. Few cases of ILE
resuscitation have been published in pregnant
patients.** Potentially, large doses can result in
elevated triglyceride concentrations, and lipid
globules may occlude the placental vasculature.
The risk of potential toxicity should be weighed
against the potential benefit to the pregnant
woman and fetus. Recent data suggest that
pregnant women who received ILE for LAST
survived, and none of them had sustained lasting

neurological or cardiovascular damage related
to LAST? Additionally, no side effects or adverse
events following ILE administration were
reported in neonates or mothers.” There is no
reported risk of ILE in breastfeeding infants.

Monitoring

Monitoring should focus on the physiological
toxic effects one is trying to reverse, eg, car-
diovascular and CNS instability, as well as pos-
sible signs of adverse effects of ILE. Because of
the potential for allergic reactions, monitoring
for symptoms and signs such as fever, cyano-
sis, or dyspnea is very important. The patients
should be carefully monitored for the develop-
ment of any allergic reactions, especially during
the initial infusion. Lipemia is a goal of ILE and
is expected; patients need evaluation for symp-
toms of pancreatitis and hypertriglyceridemia.
Close monitoring is also required for triglycer-
ide levels, particularly when doses are adjusted.
Bilirubin concentrations, liver enzyme tests, and
lipase levels are necessary if there is a suspicion
of acute cholecystitis or pancreatitis.>''*°

Mechanism of Action

The exact mechanism of action of ILE is not
completely identified. In the first experimen-
tal study, Weinberg et al’® proposed different
theories to clarify the quick reversal of severe
bupivacaine toxicity. These included a metabolic
effect, inhibition of nitric oxide production, the
possibility that the newly created lipid plasma
phase functioned as a lipid sink, and the redis-
tribution of the drug. Lipids may also directly
bind to ion channels.! Collectively, the proposed
mechanisms of action of ILE include lipid sink
theory, modulation of cellular signaling and met-
abolic processing, and activation of ion channels.

Lipid Sink Theory

The lipid sink is a mechanism of action in which
liposoluble local anesthetics are absorbed into
the lipid phase of plasma from tissues affected
by drug-induced toxicity. Thus, the entrapment
of drugs in the serum lipid phase could decrease
the amount of drug at the site of toxicity. In other
words, the lipid phase creates a concentration
gradient for the drug in the tissues, sequester-
ing the drug from the tissue into the plasma.
Intravenous lipid emulsion may transport any
liposoluble drug from well-perfused organs (the
kidney, heart, and brain) to detoxification organs
such as the liver. This phenomenon is known as
the lipid shuttle.!

Modulation of Cellular Signaling and
Metabolic Processing

Intravenous lipid emulsion induces alleviation
of mitochondrial dysfunction, suppression of

nitric oxide release, generation of a positive
inotropic effect, supplying fatty acids, and glyco-
gen synthase kinase-3 phosphorylation linked
with attenuation of mitochondrial permeability
transition pore (mPTP) opening. It is known
that mitochondrial function is closely associated
with energy metabolism. The mPTP opening is
the critical stage of programmed cell death, and
ILE can restore the function of mitochondria
by suppressing the mPTP opening. Inhibition
of mPTP opening has also been described as a
potential mechanism for the successful rescue
of bupivacaine-stimulated cardiotoxicity by ILE.
Intravenous lipid emulsion also inhibits apoptosis
stimulated by toxic doses of bupivacaine through
amelioration of mitochondrial dysfunction and
elevated oxidative stress induced by bupivacaine
in rat cardiomyocytes.®

Lipid emulsion and increased free-fatty acids
produce vasoconstriction, probably by interact-
ing with nitric oxide signaling or by modifying
adrenergic sensitivity?**> ILE may reverse the
severe vasodilation induced by LAST via inhibi-
tion of endothelial nitric oxide synthase (eNOS).
However, there is no doubt that cardiovascular
function does not improve until the cardiac con-
centration of a local anesthetic drug falls below
sodium channel blocking thresholds.

Bupivacaine suppresses respiratory chain com-
plexes | and 3, causing augmented reactive
oxygen species (ROS) generation.® There is evi-
dence showing that ILE has free radical-scaveng-
ing effects at high concentrations.’” Specifically,
ILE can have antioxidant activity against hydroxyl
radicals.’’

Intravenous lipid emulsion therapy can also
reverse the CNS symptoms of LAST. It has been
reported that bupivacaine particularly dam-
ages the mitochondrial function of astrocytes,
thereby reducing glutamate uptake and indi-
rectly increasing the calcium signal transduction
in neurons triggered by glutamate *® Intravenous
lipid emulsion can prevent bupivacaine-induced
damage to the CNS.

Postconditioning myocardial protection may also
occur with ILE therapy” Lipid exerts postcon-
ditioning effects via stimulation of prosurvival
kinases, along with vasoconstrictive and cardio-
tonic effects. These beneficial effects protect
tissue from ischemic injury and enhance tissue
perfusion during recovery from toxicity.

Activation of lon Channels

Intravenous lipid emulsion infusion might directly
elevate intracellular calcium levels in cardio-
myocytes and cause a direct positive inotropic
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effect. Although intravenous injection of a 20%
fat emulsion alone does not initiate arrhythmias,
the synergistic arrhythmogenic actions of free
fatty acids and ouabain can be described by the
suppressing effect of both agents on membrane
Na*-K*-ATPase.” Proposed mechanisms of ILE
action are summarized in Fig. I.

Lipid Preparations and Formulations

Although Intralipid® is the most prevalent com-
mercial medicinal product utilized in docu-
mented resuscitations, there are various ILE
formulations using numerous lipid sources and
concentrations. There are different commer-
cially available 20% ILE preparations. Soybean oil
appears to be the predominant ILE in clinical use
and experimental research studies for the treat-
ment of LAST. American Society of Regional
Anesthesia and Pain Medicine does not recom-
mend a specific brand of LE. Intralipid® is the
recommended LE."”? The content of Intralipid®
consists of soybean oil (20%), egg yolk phos-
pholipids (1.2%), glycerin (2.25%), and water.
The 20% Liposyn® and 20% Medialipid® can
be used."” An alternate formulation, Liposyn
[1® 20% injection, also comes with safflower oil
(10%), soybean oil (10%), and egg phosphatides
(1.2%). Others on the market consist of 50%
long-chain fatty acids from soybean oil and 50%
medium-chain fatty acids from coconut oil. Lipid
emulsions incorporating fish and olive oils, which
are commonly prescribed as parenteral nutri-
tion, are used less frequently as antidotes."”
LE is available in parenteral formulations of 5%,
10%, 20%, and 30% solutions. The 20% solu-
tion is the formulation that is recommended
and the one used most often. The 30% solu-
tion is a pharmacy bulk admixture and is used to

prepare dilute concentrations. The 30% solution
should be diluted before use and has not been
administered clinically for drug toxicity. Most
case reports support the ILE treatment for local
anesthetic toxicity using branded Intralipid® or
standard long-chain triglyceride mixtures.

Controversy exists as to whether or not lipid
emulsions containing both long- and medium-
chain triglyceride mixtures are more effective at
partitioning drugs than long-chain triglycerides.*
In human serum, a mixture of medium- and
long-chain triglycerides increased the extraction
of bupivacaine, ropivacaine, and mepivacaine
compared with long-chain triglyceride mixtures
alone.® Thus, further research is required to
identify the appropriate dosing formulation
with triglycerides or with novel non-triglyceride
formulations.

Adverse Effects and
Contraindications

The reported rate of adverse effects of ILE
administration is very low. Because few publica-
tions report adverse events following antidotal
use of ILE, the true incidence remains largely
unexplored.”

As a Parenteral Nutrition Intravenous Lipid
Emulsion

[t is likely that for most of them, either large
or repeated dose administration as a paren-
teral nutrition is a necessary condition for
adverse effects to occur™ Anecdotal cases
of insulin resistance, allergic reactions to soy-
beans, or pancreatitis have been reported.”
Hypertriglyceridemia and pancreatitis can
be observed when ILE is used for parenteral

Lipid
shuttle

Positive
inotropic

effect

Alleviation of
mitochondrial
dysfunction

Intravenous

Inhibition of
nitric oxide
production

Free radical
scavenging
effect

lipid
emulsion

Activation
ofion
channels

Supplying

fatty acids

Figure |. Schematic representation of suggested mechanisms of action for intravenous lipid emulsion.

nutrition. Pulmonary toxicity is noted when
ILE is administered as a source of parenteral
nutrition.” ILE may occlude the pulmonary vas-
culature with microfat emboli. Nevertheless,
it should be pointed out that most complica-
tions are linked with large doses of LE, generally
beyond the recommended dosing.

Potential Complications of Intravenous Lipid
Emulsion

Potential complications of ILE include ventila-
tion/perfusion mismatch, ARDS, cardiac arrest,
hypersensitivity, thromboembolism,
hypertriglyceridemia, acute kidney injury, fat
embolism, pancreatitis, fat overload syndrome,
increased susceptibility to infection, local vein
irritation, extracorporeal circulation machine
circuit obstruction, electrolyte disturbances, and
allergic reactions.” Cases of acute lung injury
have been reported after the initiation of ILE,
which may lead to acute hypoxia. Hepatic dys-
function has recently been reported in patients
receiving ILE.** Therefore, liver function should
also be monitored. Hyperamylasemia and pan-
creatitis were reported in 2 cases of ILE use in
the management of drug toxicity."® The devel-
opment of acute pancreatitis seems to be dose-
related, and the risk is highest in those patients
who receive several doses or a prolonged lipid
infusion. The precise mechanism of ILE-induced
pancreatitis is unknown, but it may be the result
of the bulky concentration of triglycerides form-
ing large lipid droplets that obstruct the small
vessels of the pancreas, causing ischemia. Lipase
then degrades the triglycerides, releasing cyto-
toxic free fatty acids. It is recommended that
if the patient develops hypertriglyceridemia
(triglyceride levels >400 mg/dL), then the dose
of ILE should be reduced, but if the serum tri-
glyceride levels exceed 1000 mg/dL, then ILE
should be completely stopped. Large doses or
rapid infusions of ILE have the potential to pro-
duce a fat overload syndrome, which is defined
as hepatomegaly, headaches, fat infiltration,
hyperlipidemia, jaundice, fever, splenomegaly,
thrombocytopenia, seizures, hemolytic anemia,
coagulopathy, leukopenia, and coma.* Fat accu-
mulation may cause steatosis, cholestasis, and
gallbladder sludge. Due to the rapid redistribu-
tion of most local anesthetics, prolonged ILE
infusions should not be needed. However, many
other liposoluble drugs have a long duration of
toxicity, and repeated and prolonged ILE infu-
sions, if given, increase the risk of fat overload
syndrome. Particularly when administered early
in the clinical course of an oral overdose, ILE can
have the potential to enhance gastrointestinal
absorption or facilitate the distribution of lipo-
soluble drugs, resulting in increased toxicity. In an
orogastric model of amitriptyline overdose, ILE

venous
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increased amitriptyline concentrations and resul-
tant toxicity."” Gastric decontamination should
be performed under these circumstances.

Changes Clinical Laboratory Parameters after
Intravenous Lipid Emulsion

The use of high-dose lipids in the form of ILE
obviously leads to hyperlipidemia, which may
make the blood sample analysis uninterpre-
table.* lipid emulsion variably
alters analytical test results and results in erro-
neous measurements, no significant effect, or
the inability to perform a laboratory test. In
the setting of ILE, glucose measurement by the
colorimetric method did not accurately report
hypoglycemia. Sodium, potassium, calcium, chlo-
ride, bicarbonate, troponin-I, or urea assays had
the least interference. Magnesium and albumin
assays demonstrated significant interference.
Total protein, lipase, amylase, phosphate, creati-
nine, alanine aminotransferase, creatine kinase,
and bilirubin became unmeasurable.*

Intravenous

Contraindications of Intravenous Lipid
Emulsion

ILE administration is contraindicated for patients
with severe egg allergies. However; the risk of
allergy needs to be measured against the benefit
of ILE therapy. Severe sepsis has been described
as a contraindication to ILE use.” Relative con-
traindications for ILE include pancreatitis, pul-
monary disease, and fat metabolism disorders.
Caution should also be taken when administer-
ing to a patient with lipid storage disorders and
impaired lipid metabolism. Despite many adverse
effects being attributed to ILE therapy, more in-
depth results are required to clarify the risk of
complications from ILE treatment in patients
with acute toxicity. The reported adverse effects
of ILE use are summarized in Table 2.

Intravenous Lipid Emulsion and Drug
Interactions

ILE administration can interfere with therapeu-
tic drug monitoring. The effect of ILE on toxic
drug concentration assays is largely unknown.
Ideally, blood specimens should be collected
in advance before ILE administration, and
then analytic testing should be performed.
Interferences can be decreased by low-speed
centrifugation.”* Moreover, it should also be
kept in mind that this interference may per-
sist even up to 24 hours after stopping the
ILE* Intravenous lipid emulsion also has the
potential to interact with other essential anti-
dotes, especially epinephrine and vasopressin.”’
Intravenous lipid emulsion was also utilized with
several other drugs during resuscitation for
toxicity, including magnesium sulfate, atropine,
naloxone, sodium bicarbonate, calcium chlo-
ride, and metaraminol.*®

Delayed or Recurring Toxicity of
Intravenous Lipid Emulsion Use
Several reports of delayed or recurring toxicity
have been reported following ILE. These effects
may appear even after 24 hours of stopping
lipid infusion and may manifest as worsening
of the sensorium, the development of seizures,
arrhythmias, or even cardiac arrest. Hence,
every patient should be monitored for the
development of such complications even after
stopping ILE 0%

Extracorporeal Circulation Machine
Circuit Obstruction

Clinical and in vitro experimental studies sug-
gest that the combined use of ECMO and ILE
can be closely connected with fat deposition in
the veno-arterial ECMO circuits and augmented

blood clot formation.***°

Table 2. Reported Adverse Effects of Intravenous Lipid Emulsion Administration

Adverse Effects of Intravenous Lipid Emulsion Therapy

Acute kidney injury
Acute pancreatitis
Cardiovascular effects
*  Asystole

*  Cardiac arrest

Priapism

e Local vein irritation

Fat embolism disorder .
Fat overload syndrome .
Hematologic effects .

*  Hemolytic anemia
*  Venous thromboembolism

Hepatic dysfunction

Hypersensitivity and allergic reactions
Hypertriglyceridemia
Increased susceptibility to infection

Interference with clinical laboratory measurements

Pulmonary adverse effects

Acute lung injury

Adult respiratory distress syndrome
Ventilation/perfusion mismatch
Electrolyte disturbances

Extracorporeal circulation machine circuit obstruction

Conclusion

The use of ILE in LAST and toxidromes from
drugs other than local anesthetics has been
extensively documented. Presently, any signs or
symptoms of LAST should be treated with ILE.
Intravenous lipid emulsion is usually considered
easy to obtain and economical for the first-
line preparation for the LAST treatment. Lipid
emulsion use for other drugs is only reasonable
when severe toxicity resulting from lipid-soluble
drugs persists despite maximum treatment with
standard resuscitation measures. Thus, ILE has
become a first-line treatment for LAST, but its
use for non-LAST toxicity should be reserved for
those patients with life-endangering toxicity that is
unresponsive to standard therapies. Atthough ILE
has achieved remarkable success in the treatment
of LAST, contraindications and adverse reac-
tions are also present; therefore, a high degree
of attention is required during ILE administration.

This  comprehensive review has identified
recently published clinical studies and case
reports indicating successful ILE use for the
reversal of various drug toxicities. As the num-
ber of patients resuscitated with ILE therapy for
drug toxicity has progressively increased, there
has been greater awareness of the adverse
effects of ILE. Despite the growing awareness
of ILE therapy, more clinical studies are required
to better understand its mechanism of action,
optimal dosing, other possible indications, and
accompanying complications.
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