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Abstract

Intravenous lipid emulsions (ILEs) have become increasingly popular in the past 15 years as rescue therapies in
human and veterinary medicine for the treatment of lipophilic drug toxicoses. The efficacy of ILEs is primarily
attributed to the lipid sink/lipid shuttle theories, which involve the scavenging of toxins from plasma and
transporting them to storage and/or detoxification organs. Clinical evidence supports the use of ILEs for
intoxications such as macrocyclic lactones, pyrethroids, psychoactive drugs, rodenticides, and NSAIDs. Current
dosing guidelines emphasize early intervention for severe toxicoses, with standardized bolus and constant-rate
infusion protocols. While ILE is generally well tolerated, reported complications in veterinary patients range from
transient to severe systemic reactions. Despite these risks, the favorable benefit-to-risk ratio supports the continued
use of ILEs for life-threatening lipophilic intoxications when standard therapies fail.
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Take-Home Points

= |ntravenous lipid emulsions
(ILEs) are sterile emulsions of
oil in water, commonly using
soybean oil. Intralipid 20% is the
most commonly used product in
veterinary medicine.

® |[LEscan beusedasa

and as a rescue therapy
for acute intoxications with
lipophilic drugs.

Protocols for the administration
of ILE include a 1.5-mL/kg
intravenous bolus followed by a
15-mL/kg constant-rate infusion
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= Adverse effects are rare
and mainly transient and
include corneal lipidosis,
pancreatitis, facial swelling
and pruritus; changes in the
level of consciousness; and
gastrointestinal signs.

component of parental nutrition, for 1 hour.

to deliver drugs (e.g., propofol),

ntravenous lipid emulsions (ILEs), also known as
intravenous fat emulsions, are sterile emulsions
of oil in water, dispersed with the help of an
emulsifying agent. One of the most common
emulsifiers is egg yolk phospholipids, which have both
hydrophobic and hydrophilic properties, as a single-
molecule layer.! Triglycerides are the main component
of ILEs, providing essential fatty acids. When ILEs are
used as a rescue treatment for lipophilic drug
intoxications, they are used offlabel, as their
recognized indication is for parental nutrition.

Many ILE formulations contain 100% soybean oil,
yielding an emulsion of long-chain triglycerides high
in omega-6 fatty acids that include linoleic (omega-6),
linolenic (omega-3), oleic (omega-9), palmitic, and
stearic acids. Both omega-3 and omega-6 fatty acids are
inflammatory mediators, as they are used as substrates
for eicosanoid synthesis. When there is an appropriate
stimulus, omega-6 fatty acids are converted into
arachidonic acid, leading to the production of
proinflammatory eicosanoids, whereas omega-3 fatty
acids are involved in the production of anti-
inflammatory eicosanoids.! To try to balance the
content of omega-6 and omega-3 fatty acids, ILE
formulations have been created using other oils, such
as fish, olive, and coconut oils. The main product used
in veterinary medicine is Intralipid 20%, which
contains soybean oil.

Indications

ILEs have been used for parenteral nutrition in human
medicine since the 1960s. They were first used in
veterinary medicine in 2009, when Crandell et al
reported a moxidectin intoxication in a puppy that was
successfully treated with ILE therapy.? Lipid emulsions
are also used as vehicles for drug (e.g., propofol,
etomidate) delivery.!

In human medicine, the American Society of Regional
Anesthesia and Pain Medicine (ASRA) currently
recommends the use of ILE therapy as an early
intervention for the treatment of local anesthetic
systemic toxicity (LAST).? In 2023, the Association of
Anaesthetists of Great Britain and Ireland updated its
guidelines on the management of severe LAST to be in
line with ASRA’s, recommending the administration of
ILE as soon as LAST is recognized.* To see ASRA’S
checklist for treatment of LAST,

visit go.navc.com/4cTkNRC.

Mechanism of Action

The exact mechanism by which ILEs work has not been
fully elucidated. The main proposed mechanisms are a
combination of scavenging properties and improved
myocardial performance.>”

Scavenging Properties
The original proposed mechanism was the creation of a
lipid compartment inside the blood, separated from the
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TABLE 1 Substances With a Log P Appropriate for Intravenous Lipid Emulsion Therapy>¢©«

DRUG Log P®

Anesthetic

Lidocaine 2.44
Chlorpheniramine 3.17
Loratadine 5.2
Cardiovascular

Promethazine 2.85
Amlodipine 3
Digoxin 1.26
Diltiazem 2.8
Nifedipine 2.5
Metoprolol 1.88
Minoxidil 1.24
Verapamil 3.83
Central nervous system/psychoactive

Baclofen 1.32
Bupropion 3.47
Chlorpromazine 5.55
Clomipramine 3.3
Cyclobenzaprine 4.3
Dextroamphetamine sulfate 1.81
Diazepam 2.82
Lamotrigine 2.5
Methamphetamine 2.07
Pentobarbital 2.1
Phenobarbital 1.47
Trazodone 1.8
NSAID/steroid

Carprofen 413
Dexamethasone 1.83
Ibuprofen 3.97
Indomethacin 4.27
Ketoprofen 312
Naproxen 3.18
Parasiticide/pesticide

Carbamates 2.36
Ivermectin 41
Metaldehyde 1.1
Moxidectin 4.3
Permethrin 6.5
Recreational

Marijuana (tetrahydrocannabinol) ~6.48
Nicotine 117
Synthetic cannabinoids 54
Toxin

a-Chloralose 114
Tremorgenic mycotoxins >1
Vitamin Ds/cholecalciferol 10.2
Miscellaneous

Cyclosporine (immunomodulator) 3
Itraconazole (antifungal) 5.9
Vinblastine (chemotherapeutic) 3.69

Log P=octanol-water partition coefficient.
9Treatment with intravenous lipid emulsions has not been reported for intoxication with all these substances in the veterinary literature.
“The higher the log P, the more lipophilic the substance is and the more easily it will cross the blood—brain barrier.
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Video 1: courtesy Dr. Andrea Rincon

plasma phase, where the toxin would dissolve.® As the
toxin was held in this lipid compartment, its plasma
concentrations would be reduced; therefore, it would
not be available to the tissues, decreasing its toxicity.
This is known as the lipid sink theory.®® This theory has
since evolved into the lipid shuttle theory, in which the
lipid compartment is seen as a way of transporting the
toxin from target organs (e.g., heart, brain) to organs
that are able to store and/or help detoxify it (e.g.,
muscle, fat, liver, kidneys), rather than as a

storage compartment.>®

Myocardial Performance

ILEs can improve myocardial performance through
several mechanisms. The first is due to the volume of
ILE administered, following the Frank-Starling law: An
increase in preload will lead to an increase in stroke
volume, therefore increasing cardiac output. Other
proposed mechanisms postulate that ILEs may have a
direct effect on the myocardial cells by being a source
of fatty acids for energy production, potentially
increasing intracellular calcium concentration and
increasing vascular resistance. ILEs can also improve
cardiac output by removing the toxic effect of the drug
on the heart.>5¢

Reported Uses in

Veterinary Medicine

The lipophilicity of the substance causing the
intoxication is the primary factor that determines
whether ILE treatment is appropriate. The lipophilicity
of a drug or other toxin can be estimated using the
octanol-water partition coefficient, also known as the
log P.>%° A substance with a log P >1 is considered
lipophilic; the higher the number, the more lipophilic
the substance is and the more easily it will cross the
blood-brain barrier, causing neurologic signs

(TABLE 1). Due to the lack of other antidotes, as well as
their low cost and low incidence of adverse effects,
ILEs are used as a first-line treatment for intoxications
with many different types of lipophilic substances.

Parasiticides

In the first reported use of ILE therapy in veterinary
medicine, a 16-week-old Jack Russell terrier puppy
started vomiting and developed ataxia and tremors
that progressed to full seizures after being in contact
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with horses that had been dewormed with

2% moxidectin.? The puppy received 2 ILE boluses
followed by constant-rate infusions over the first
48 hours. Recovery was almost immediate once the
second dose of ILE was finished.

In 2011, ILEs were reported to be used for ivermectin
intoxications in a border collie" and in 3 dogs that were
homozygous for the ABCBI-1A (previously known as
MDRI) gene mutation.”? The border collie, which had
no genetic mutation, responded well to the
administration of ILE. However, the 3 dogs that were
homozygous for the gene mutation did not have the
expected recovery after ILE administration, despite
decreases in their ivermectin blood concentrations. It
was postulated that the lack of ability to eliminate
ivermectin from the brain due to the genetic mutation
had a major role in the lack of response to ILE therapy."?
ILEs have been reported to be successful in the
treatment of blindness secondary to ivermectin
intoxication in a dog.” Ivermectin overdose in cats has
also been treated successfully with ILE therapy.*

Permethrin intoxication treated with ILEs has been
reported in 3 cats that showed a subjectively rapid
clinical improvement after ILE administration.!
Several other studies have further solidified the use of
ILEs as a standard rescue therapy for permethrin
toxicosis,'*'® one of the most common intoxications
reported in cats.

Moxidectin and ivermectin belong to the macrocyclic
lactones class of parasiticides, while permethrin
belongs to the synthetic pyrethroid class. Intoxications
with these drugs are common in veterinary medicine
as the products are routinely used in both large and
small animals as preventives; therefore, exposure
across species at inappropriately high doses is easy.
Since these first reports, several others have described
the benefits of ILE therapy for similar intoxications.'>
The ability to use ILEs to quickly reverse these
toxicoses has been a major advance in the veterinary
field (VIDEO 1).

_ _7,,‘.-':. VIDEO 1
; @ Dog with tremors after ivermectin
intoxication, treated with ILE therapy.

o
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Psychoactive Drugs

Several intoxications with psychoactive drugs have
been reported in veterinary literature.?>? Two case
reports of lamotrigine (an antiepileptic drug used in
human medicine) toxicosis, one involving severe
cardiotoxic effects in an English bulldog? and the other
involving neurologic dysfunction and cardiac
arrhythmias in a mixed-breed dog,? reported great
improvement in clinical signs after the administration
of ILE in both patients.

Rodenticides and Molluscicides
Rodenticides and molluscicides are common
household products, which leads to them being
common reasons for companion animals to present to
the emergency department after ingestion.

Metaldehyde is used to control snails and slugs when
gardening (molluscicide). It is normally combined with
molasses or other sweet products, making it very
palatable for companion animals. It is mainly a
neurotoxin that can lead to ataxia, seizures, and death,
and treatment has been focused on supportive care, as
there is no antidote. Lelescu et al reported the
successful management with ILE therapy of a Labrador
retriever puppy that ingested metaldehyde and was not
responding to antiepileptic drugs and supportive care.?®

Different types of rat poison with different mechanisms
of action are commercially available. Cholecalciferol
(vitamin Dj3) leads to hypercalcemia,
hyperphosphatemia, and acute kidney injury when
ingested. Voss and Chow reported reductions in
ionized calcium levels in 2 dogs and 2 cats immediately
after the administration of ILE, while other supportive
therapies were maintained unchanged.” However, they
did not notice a paired reduction in the levels of
25-hydroxyvitamin D [25(OH)D], a metabolite of
cholecalciferol, even though cholecalciferol has a high
log P of 10.2. The lipid shuttle theory could be the
explanation: Despite its high plasma concentration
after ILE administration, as 25(OH)D is
compartmentalized in the “lipid shuttle,” its toxicity is
blunted and ionized calcium decreases/normalizes. It
is important to note that, while ILEs might be helpful
in reducing ionized calcium levels, it should be added
to the standard long-term treatment for hypercalcemic
patients and not used as a replacement.
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a-Chloralose is used both as a rodenticide and to safely
immobilize and capture wild birds, and it is authorized
in both the United States and Europe. It is mainly a
central nervous system drug leading to coma and
death. It has a lipophilic but relatively low log P at 1.14,
and Lundgren et al did not see any effects of ILE
therapy on clinical signs or serum concentrations of
a-chloralose in 25 cats.?

NSAIDs

ILEs have also been used to successfully treat NSAID
overdoses in small animals. Herring et al reported the
treatment of naproxen ingestion in 3 dogs that had
great reductions in serum naproxen concentrations
post-ILE treatment.? Chumbler et al reported the use
of ILE therapy to treat carprofen overdose in a cat.** In
this case, carprofen serum concentrations peaked after
the administration of ILE, supporting the lipid shuttle
theory.® The use of ILEs to treat overdoses with other
NSAIDs such as ibuprofen, robenacoxib, or diclofenac
has also been reported.?

FIGURE 1. Intralipid 20% being administered to a 3-year-
old male neutered French bulldog that presented with a
1-hour history of worsening tremors. Tremorgenic mycotoxin
ingestion was suspected, as the patient had got into a trash
can containing moldy food a few hours prior. A1.5-mL/kg
bolus of intravenous lipid emulsion was administered,
followed by a 15-mL/kg constant-rate infusion for 1 hour.
The patient recovered without further interventions and was
discharged the next day.

Figure 1: courtesy Dr. Mariana Pardo



Other Drugs

Other drugs, including tremorgenic mycotoxins
(FIGURE 1), anticonvulsants (e.g., phenobarbital,
potassium bromide, imepitoin), amlodipine, lidocaine,
baclofen, synthetic cannabinoids, tadalafil, and
carbamate, have also been reported to be successfully
treated with ILE therapy in small animals.2021:31:32

Dosing

In veterinary medicine, recommendations for ILE

therapy in cases of intoxication with lipophilic

neurotoxins are very similar to those of ASRA when a

LAST is recognized (BOX 1).° It is recommended to use

a 1.2-um filter for ILE infusion.®

= If a patient responds to standard therapy, then ILE
therapy is not indicated.

= Run a biochemistry profile to assess organ function
and electrolytes before initiating ILE therapy.
Correct any electrolyte disorders, focusing on
potassium, phosphorus, and sodium.

= Administer an initial intravenous ILE bolus of
1.5 mL/kg over 1 to 2 minutes.

= Follow with a constant-rate infusion at 15 mL/kg over
1 hour.

= If the patient is at risk of volume overload,

BOX1

ASRA Protocol for Intravenous Lipid
Emulsion Administration?

The following protocol is recommended
when a local anesthetic systemic toxicity
is recognized in human and veterinary
medicine:
= |nitial intravenous bolus at 1.5 mL/kg
administered over 2 to 3 minutes
= Follow immediately with a 15-mL/kg
constant-rate infusion for 1 hour.
= |f the patient remains unstable:
= Repeat bolus
= Double the infusion (30 mL/kg) and
continue once hemodynamically stable
= The maximum recommended dose is
12 mL/kg, based on FDA recommendations
to not exceed 12.5 mL/kg of Intralipid 20%
in the first 24 hours of parental nutrition in
adults or 15 mL/kg in pediatric patients.*®

ASRA =American Society of Regional Anesthesia and Pain
Medicine
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discontinue all other infusions while administering
the ILE and consider a reduced rate (4 mL/kg) and
prolonged administration time (4 hours).

= Evaluate the patient 4 to 6 hours after stopping
ILE therapy.

) If there is no clinical improvement, perform a
microhematocrit. If the plasma is not lipemic or
hemolyzed, repeat the ILE bolus followed by a
constant-rate infusion, both at the same doses
described above.

In severe, life-threatening intoxications, higher doses
could be considered. The 50% lethal dose of a 20% ILE
in a rat model has been shown to be approximately

67.7 mL/kg, with most fatalities due to volume overload
rather than the chemical properties of the emulsion.?
However, the exact dosing of ILE is not

well established.

ILEs with a 30% concentration are available and have
been seen to provide a faster recovery compared with a
20% concentration in a rat model.?* The author has
only used ILE 20%, with great success in most cases
when ILE therapy has been used for lipophilic drugs.
More studies are needed to determine the benefits
versus risks of using a 20% versus a 30% ILE.

When considering higher doses and repeating
protocols due to slow or lack of improvement, the
author always checks for serum lipemia. If serum
lipemia is present, no more ILE is administered; serum
can be rechecked in 4 to 6 hours. The author has never
needed to give more than 3 ILE doses in a given case.

Considerations

ILE products can be administered via a peripheral
catheter after sterile placement. If extravasation
occurs, supportive care with warm compresses and
bandage should be sufficient treatment.” Due to the
lipophilic nature of ILE, attention must be paid when
administering other lipophilic drugs that are part of the
supportive treatment and could be removed by

ILE therapy.®

It is important to follow the manufacturer’s
recommendations on handling and storage to avoid
potential contamination of the product that can lead to
sepsis. It is recommended to store ILEs above 25 °C

(77 °F). Open bags that are not used immediately can be
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stored between 2 °C and 8 °C (36 °F to 46 °F) but should
be discarded after 24 hours.®

Adverse Effects

One of the characteristics of ILEs that determines their
safety profile is the mean droplet size (MDS). To create
the ILE, the mixture of water, oil, and emulsifier must
be forced through small apertures several times.
Depending on the droplet size obtained, these
emulsions are then classified as macro- (MDS >1 pm),
mini- (MDS <1 um), and micro- (MDS <0.1 pum)
emulsions.® The final MDS in Intralipid 20% is
approximately 0.5 pm.® The risk of developing an
inflammatory response and microvascular
embolization increases when the MDS is greater than

1 um.5 The composition of the ILE can also cause
hypersensitivity reactions in animals with an allergy to
any of its components (e.g., egg, soy).*

Although rare, several different adverse effects have
been reported in human medicine following the
administration of ILE for parental nutrition, including
respiratory distress,** pancreatitis,*” hyperlipidemia,*
fat overload syndrome,*® acute kidney injury,*° and
cardiac embolism.*° Fat overload syndrome is known to
be associated with a rapid infusion of soybean oil-
based ILE, leading to myriad symptoms, including
pancytopenia, coagulopathy, hepatomegaly,
splenomegaly, icterus, headaches, and fever.*

Adverse effects associated with the administration of
ILE in veterinary medicine have also been reported.
Serum lipemia is among the most common, potentially
leading to pancreatitis.!¢202%30 Seitz et al described the
development of persistent lipemia and suspected
corneal lipidosis in a cat that presented for permethrin
intoxication and was treated with ILE therapy.* The
dose administered in this case followed the protocols
described above, with an initial bolus of 1.5 mL/kg
followed by a 0.25-mL/kg/min constant-rate infusion.
After a week, the suspected corneal lipidosis resolved
with no need for further intervention. Facial pruritus in
a cat after the administration of ILE has also been
described,” and swelling and pain after peripheral
extravasation of ILE in a dog was reported.”®

A retrospective study of 300 dogs and 100 cats
compiled the list of adverse effects noted, with an
incidence of 6.4% in dogs and 4% in cats.? The most
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common adverse effects in dogs were loss of
consciousness (25%), followed by hyperthermia (12.5%),
reduced general behavior (12.5%), vomiting (12.5%),
and diarrhea (12.5%). Other adverse effects were
reduced level of consciousness, bradycardia, apnea/
dyspnea, and ataxia. In cats, no single adverse effect
predominated; tachypnea, thrombophlebitis,
semicomatose state, somnolence, and bradycardia
were all reported. More recently, Torrente et al reported
the incidence of a type 4 renal tubular acidosis in a cat
that was suspected to be associated with the
administration of ILE.*?

Epstein et al reported the use of manual plasma
exchange to treat an overdose of ILE.** The dog had
accidentally received a total 142 mL/kg of ILE for the
treatment of baclofen intoxication, developing
hypertension, hemolysis, thrombocytopenia, severe
hypertriglyceridemia, hypoglycemia, acute kidney
injury, and ocular lipid infiltrates.*

Despite the potential for adverse effects, the
administration of ILE should not be discouraged when
the benefits are greater than the potential damage, as
seen in many life-threatening intoxications.

Summary

ILE therapy has evolved from being a parenteral
nutrition tool to a first-line rescue therapy in veterinary
medicine. ILEs provide a cost-effective and rapid
intervention for common intoxications, ranging from
macrocyclic lactones to certain NSAIDs and
psychoactive drugs.

While the therapy is generally safe and well-tolerated,
clinicians must remain vigilant regarding potential
adverse effects such as persistent lipemia, volume
overload, and pancreatitis. Adhering to standardized
dosing protocols and monitoring serum lipemia levels
ensures that the benefits of rapid detoxification are
maximized while minimizing risks. As research
continues to refine optimal concentrations, ILE is
emerging as an advancement in the management of
many life-threatening toxicoses in companion

animals. TVP
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CE Quiz Questions

ik

What is the main lipid component in Intralipid 20%, the most

common intravenous lipid emulsion (ILE) product used in
veterinary medicine?
a. Avocado oil

b. Olive oil
c. Soybean oil
d. Fish oil

According to the lipid sink/lipid shuttle theory, how do ILEs

help treat intoxications?

a. They neutralize the toxin within the liver.

b. They transport toxins from target organs to storage/
detoxification organs.

c. They help the kidneys increase the ability to filter water-
soluble toxins.

d. They bind and metabolize toxins within the blood
compartment, increasing elimination.

Which log P value indicates that a substance is fat soluble?

a. LogP>1
b. LogP<1
c. LogP>3
d. LogP<3

What are the recommended intravenous bolus and
constant-rate infusion (CRI) doses for ILE in veterinary
patients?

a. 15-mL/kg bolus followed by a 15-mL/kg CRI for 1 hour
b. 1.5-mL/kg bolus followed by a 20-mL/kg CRI for 1 hour
c. 3-mL/kg blous followed by a 10-mL/kg CRI for 2 hours
d. 10-mL/kg bolus followed by a 15-mL/kg CRI for 3 hours

What is one of the most common adverse effects seen with
the administration of ILE that can lead to the development
of pancreatitis?

a. Serum lipemia

b. Vomiting and diarrhea

c. Peripheral edema

d. Facial pruritus
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