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Role of IV lipid emulsion antidote
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The first animal reports suggesting an increased rate of recovery from barbiturate-induced CNS
depression with lipid infusion were published in 19622,

Encouraging results of animal studies, and successful use in human case reports, have

demonstrated lipid emulsion has a potential role in the treatment of lipophilic molecules
intoxications?.

Background

T ..

Image: Fotolia/Sherry Young.

Lipid emulsion — also referred to as intravenous lipid emulsion (ILE), lipid resuscitation therapy,
intravenous lipid emulsion rescue and intravenous fat emulsion — is known as a component of
parenteral nutrition (ILE 30 per cent). It is also used as a carrier for lipid soluble drugs, such as

propofol, etomidate and diazepam®*.

ILE is an injectable oil in water emulsion mixing long-chain and medium-chain triglycerides, or a
combination of both, purified egg phospholipids as emulsifiers, anhydrous glycerol for the
adjustment of tonicity, water for injection (with a pH of six to nine) and contains no preservatives®*.

ILE is available in concentrations ranging from 10 per cent to 30 per cent. Although purified
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soybean oil is most commonly used as the major source of triglycerides, other sources are also

used (such as olive oil and fish oil)*.

The United States Pharmacopeia and the European Pharmacopoeia standards have established a
globule size distribution limit for all lipid emulsions where the mean droplet size must be lower than
500 nanometres, and the percentage of fat larger than 5pm must be lower than 0.05 per cent®. ILE
stability may be compromised by divalent and trivalent cations, or a pH less than five®.

Pharmacokinetics

ILE follows similar metabolic pathways as natural chylomicrons. The exogenous fat particle is taken
up by the low-density lipoprotein receptors?. Circulating lipoprotein lipase enzyme hydrolyzes
triglycerides, releasing the free fatty acids then taken up by muscles and used as an energy
substrate’.

Dog studies have demonstrated after infusion of a lipid emulsion, significant amounts of lipid
emulsion were removed by skeletal muscle (47 per cent), splanchnic viscera (25 per cent),
myocardium (14 per cent) and subcutaneous tissue (13 per cent), with no removal observed in the
liver®. A rapid elimination of ILE droplets occurs. The half-life has been reported between 5.34
minutes and 6.51 minutes®.

Mechanism of action

An ILE bolus provides an expanded intravascular lipid phase that sequesters lipid soluble
compound from the target tissues, decreases free drug levels and thereby lessens toxic effects
The “lipid sink” effect is dependent on the lipophilicity of a drug®*’. The higher the lipophilicity, the
greater the effectiveness of ILE as an antidote is expected.

457

The lipophilicity of the drug is related to its logarithm octanol/water partition coefficient (logP) value.
A drug with a logP greater than 1.0 is considered to be lipophilic. ILE containing fatty acids, major
substrate of cardiac myocytes, may augment cardiac muscle function by increasing myocardial
mitochondrial adenosine triphosphate synthesis’®. ILE could also have a positive inotropic effect on
hearts intoxicated by increasing contractility in cardiac myocytes via action on voltage-dependent
calcium channels®,

Indications

In veterinary medicine, lipid-soluble toxicants successfully treated with ILE are in Table 11%32, Use
of ILE has been advocated by animal poison control centres, such as the Veterinary Poisons
Information Service (VPIS) and the American Society for the Prevention of Cruelty to Animals
Animal Poison Control Center®,
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Faster recovery time has another advantage for pet owners beyond seeing their pet return to
normal, reducing the time spent in the veterinary clinic. However, the use of ILE is considered extra-
label and informed consent is needed before its use. In human medicine, severe toxicosis, which
has been reported as potentially responsive to treatment with ILE, includes local anaesthetics, beta-
blockers, calcium channel blockers, antidepressants, anti-psychotics, anti-epileptics, barbiturates,
anti-malarial, cocaine and herbicides®. ILE is also effective to treat cardiac arrest and in
amelioration of perturbed haemodynamic parameters, failing conventional therapy, attributable to

overdose of lipophilic drugs®*.

Contraindications

A VPIS position statement indicates “ILE is not suitable for lipophilic compounds, such as vitamin
D compounds and anticoagulant rodenticides”. ILE pretreatment also does not alter the median
lethal dose, 50 per cent (LD50) in a murine model of paraoxon, a metabolite of parathion
(organophosphate insecticide)**. Contraindications to ILE include severe fat metabolism disorders
(such as renal insufficiency and liver damage)®.

Toxicity

The LD50 of 20 per cent soy-based ILE in rats is 67ml/kg®. A wide safety margin exists for further
increases in ILE dose for lipophilic drug toxicosis®.

Adverse reactions

Rapid ILE infusion induces fat overload syndrome, characterised by sudden elevations in serum
triglycerides, dyspnoea, fever, respiratory distress, hepatic function and coagulation disturbances,
seizures and coma®*. Pancreatitis can occur if a patient has received multiple doses or a

prolonged infusion of ILE3%,

Lung injury has also been reported®“. ILE interferes with laboratory measurements (such as
albumin, amylase, bilirubin, creatine kinase and glucose)®®. Centrifugation (1,200rpm to 1,500rpm
for 10 minutes) of blood samples reduces laboratory interferences.

Dose/administration

The following dosage recommended for dogs and cats is adapted from human literature.
Administration of an initial ILE 20 per cent IV bolus 1.5ml/kg over one minute, followed by a
continuous rate infusion of 0.25ml/kg/min

for the next 30 to 60 minutes.

In non-responsive patients, additional intermittent bolus can be given IV slowly at up to 7ml/kg®’. If
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clinical signs do not improve after 24 hours, discontinue ILE. ILE 20 per cent preparations are
isotonic and can be given by a peripheral vein or in a central catheter using aseptic techniques to

prevent bacterial contamination risk®2,

Storage and handling

ILE should not be stored above 25°C, not be frozen and has a two-year shelf life. Emulsions
showing signs of discolouration, phase separation and leakage should not be used. Emulsions
should be used immediately after the overwrap is removed?®.

References

1. Russell RL and Westfall BA (1962). Alleviation of barbiturate depression, Anesth Analg 41:
582-585.

2. Jamaty C, Bailey B, Larocque A et al (2010). Lipid emulsions in the treatment of acute
poisoning: a systematic review of human and animal studies, Clin Toxicol 48(1): 1-27.

3. Litonius ES (2012). Treatment of Acute Intoxication with Intravenous Lipid Emulsion —
Animal and Human Studies, academic dissertation, University of Helsinki.

4. Peacock RE (2014). Intravenous Lipid Emulsion for the Treatment of Permethrin Toxicosis
in Cats, research master’s with training (veterinary medicine science), Murdoch University.

5. Driscoll DF, Ling PR and Bistrian BR (2009). Pharmacopeia compliance of fish oil-
containing parenteral lipid emulsion mixtures: globule size distribution (GSD) and fatty acid
analyses, Int J Pharma 379(1): 125-130.

6. Driscoll DF, Bhargava HN, Li L et al (1995). Physicochemical stability of total nutrient
admixtures, Am J Health-Sys Pharm 52(6): 623-634.

7. Turner-Lawrence DE and Kerns li W (2008). Intravenous fat emulsion: a potential novel
antidote, J Med Toxicol 4(2): 109-114.

8. Intralipid (2013). Lipid injectable emulsion. Soybean oil 10 per cent, 20 per cent, 30 per cent
w/v. Package insert, Fresenius Kabi AG, Sweden.

9. Park Y, Damron BD, Miles JM and Harris WS (2001). Measurement of human chylomicron
triglyceride clearance with a labeled commercial lipid emulsion, Lipids 36(2): 115-120.

10. Harvey M and Cave G (2007). Intralipid outperforms sodium bicarbonate in a rabbit model
of clomipramine toxicity, Ann Emerg Med 49(2): 178-185.

11. Pennec JP, Guillouet M, Rannou F et al (2010). Hemodynamic effects of lipid emulsion
after local anesthetic intoxication may be due to a direct effect of fatty acids on myocardial
voltage-dependent calcium channels, Can J Anesth 57(10): 947.

12. DeGroot WD (2014). Intravenous lipid emulsion for treating permethrin toxicosis in a cat,
Can Vet J 55(1): 1,253-1,254.

13. Kuo K and Odunayo A (2013). Adjunctive therapy with intravenous lipid emulsion and
methocarbamol for permethrin toxicity in two cats, J Vet Emerg Crit Care 23(4): 436—441.

14. Muentener CR, Spicher C and Page SW (2013). Treating permethrin poisoning in cats, Vet
Rec 172(24): 643.

4/6



15.

16.

17.

18.

19.

20.
21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.
34.

Brickner M and Schwedes CS (2012). Successful treatment of permethrin toxicosis in two
cats with an intravenous lipid administration, Tierarzt Prax: Aus K, Kleint/Heimt 40(2):
129-134.

Haworth MD and Smart L (2012). Use of intravenous lipid therapy in three cases of feline
permethrin toxicosis, J Vet Emerg Crit Care 22(6): 697-702.

Epstein SE and Hollingsworth SR (2013). Ivermectin-induced blindness treated with
intravenous lipid therapy in a dog, J Vet Emerg Crit Care 23(1): 58-62.

Wright HM, Chen AV, Talcott PA, Poppenga RH and Mealey KL (2011). Intravenous fat
emulsion as treatment for ivermectin toxicosis in three dogs homozygous for the ABCB1-1?
gene mutation, J Vet Emerg Crit Care 21(6): 666-672.

Merola V, Khan S and Gwaltney-Brant S (2009). Ivermectin toxicosis in dogs: a
retrospective study, J Am Anim Hosp Assoc 45(3): 106-111.

Pritchard J (2010). Treating ivermectin toxicity in cats, Vet Rec 166(24): 766.

Kidwell JH, Buckley GJ, Allen AE and Bandt C (2014). Use of IV lipid emulsion for
treatment of ivermectin toxicosis in a cat, J Am Anim Hosp Assoc 50: 59-61.

Bruenisholz H, Kupper J, Muentener CR et al (2012). Treatment of ivermectin overdose in a
miniature Shetland pony using intravenous administration of a lipid emulsion, J Vet Intern
Med 26(2): 407-411.

Bates N, Chatterton J, Robbins C et al (2013). Lipid infusion in the management of
poisoning: a report of six canine cases, Vet Rec 172(13): 339.

Crandall DE and Weinberg GL (2009). Moxidectin toxicosis in a puppy successfully treated
with intravenous lipids, J Vet Emerg Crit Care 19(2): 181-186.

Gwaltney-Brant S and Dunayer E (2008). The use of intravenous lipid solution therapy in
the treatment of moxidectin overdose in a dog, Proc Am Assoc Vet Lab Diag 51st Ann
Conf, Greensboro: 118.

O’Brien TQ, Clark-Price SC, Evans EE et al (2010). Infusion of a lipid emulsion to treat
lidocaine intoxication in a cat, J Am Vet Med Assoc 237(12): 1,455-1,458.

Butler J (2014). Toxicology brief: successful treatment of baclofen overdose with
intravenous lipid emulsion, Vet Med 117(3-4): 542-543.

Edwards P, Shiab N and Scott HW (2014). Treatment of a case of feline baclofen toxicosis
with intravenous lipid therapy, Vet Rec Case Rep 2: e000059.

Bolfer L, McMichael M, Ngwenyama TR and O’Brien MA (2014). Treatment of ibuprofen
toxicosis in a dog with IV lipid emulsion, 3 Am Anim Hosp Assoc 50(2): 136-140.

Maton BL, Simmonds EE, Lee JA and Alwood AJ (2013). The use of high-dose insulin
therapy and intravenous lipid emulsion to treat severe, refractory diltiazem toxicosis in a
dog, J Vet Emerg Crit Care 23(3): 321-327.

Fitzgerald KT, Bronstein AC and Newquist KL (2013). Marijuana poisoning, Top Comp
Anim Med 28(1): 8-12.

Bischoff K, Smith MC and Stump S (2014). Treatment of pieris ingestion in goats with
intravenous lipid emulsion, J Med Toxicol 10(4): 411-414.

Hawkins L (2011). Intravenous lipid rescue. Vet Poi Inform Serv Toxic Times, Winter issue.
Bania TC, Chu J and Stolbach A (2005). The effect of intralipid on organophosphate toxicity

5/6



in mice, Acad Emerg Med 12: S12.

35. Hiller DB, Di Gregorio G, Kelly K et al (2010). Safety of high volume lipid emulsion infusion:
a first approximation of LD50 in rats, Reg Anesth Pain Med 35(2): 140-144.

36. Grunbaum AM, Gilfix BM, Gosselin S and Blank DW (2012). Analytical interferences
resulting from intravenous lipid emulsion, Clin Toxicol 50(9): 812-817.

37. Fernandez AL, Lee JA, Rahilly L et al (2011). The use of intravenous lipid emulsions as an
antidote in veterinary toxicology, J Vet Emerg Crit Care 21(4): 309-320.

6/6


http://www.tcpdf.org

