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Introduction
Metaldehyde is a tetramer of acetaldehyde, a pesticide 
commonly contained in slug and snail baits.1 If ingested, 
it can cause severe neurological signs with tremors, sei-
zures and secondary hyperthermia as the most notable. 
Metaldehyde intoxication has been reported in many 
different species, both domestic and wild, such as dogs, 
horses, livestock and, less frequently, in cats, foxes and 
humans.1–2 To our knowledge, only one report of metal-
dehyde intoxication in two cats is described in the 
literature.2

Intravenous (IV) lipid emulsion (ILE) represents a 
potential treatment for poisoning from high lipophilic 
substances such as permethrin, moxidectin, bupiv-
acaine and lidocaine.3–6 Its mechanism of action seems 
to be multimodal, including a potential scavenging 
effect.7 ILE is usually administered as an IV bolus 

followed by a constant rate infusion (CRI) in order to 
create a large lipid-soluble compartment in blood,7 but 
no guidelines about doses of ILE infusion during oral 
toxicosis are available. Recent studies described the use 
of low-dose ILE infusion,8,9 in order to prevent potential 
detrimental effects associated with a huge load of blood 
lipids.4,7,10
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Metaldehyde lipophilicity is low (LogP = 1.1),11 but 
it easily crosses the blood–brain barrier and exerts its 
toxicity on the central nervous system. In the litera-
ture, successful use of ILE infusion in the treatment of 
metaldehyde toxicosis was described in a dog,12 but no 
data exist for cats.

We describe a case of metaldehyde toxicity in a cat 
treated with supportive care and additional use of ILE 
therapy.

Case description
An adult male intact domestic shorthair cat, weighing 
5.26 kg, was referred to our Veterinary University 
Hospital for acute onset of generalised tremors. 
History of exposure was unknown. The cat received 
endorectal diazepam before admission by the refer-
ring veterinarian.

On presentation, the patient was recumbent with gener-
alised fasciculations, hypothermic (rectal body tempera-
ture 35.3°C), had a heart rate of 200 beats/min and a 
respiratory rate of 20 breaths/min. Indirect systolic blood 
pressure (SBP) (Minidop ES-100VX; Adeco) was 120 mmHg 
and blood glucose level measured by a blood glucometer 
(Alphatrack2; Zoetis) was 40 mg/dl. Neurological exami-
nation revealed stupor, horizontal nystagmus, anisocoria 
and bilateral absence of pupillary light reflex and palpebral 
reflex. An electrocardiogram showed a sinus rhythm. 
Point-of-care ultrasound was unremarkable. A clinical sus-
picion of neurotoxicity was first considered, but other dif-
ferentials could not be excluded. 

Initial treatment included an IV bolus of glucose solu-
tion (0.50 g/kg) and midazolam (0.2 mg/kg). In order to 
treat a potential intracranial hypertension, a bolus of hyper-
tonic saline solution (NaCl 7.5%) was administered (4 ml/
kg in 20 mins). No significant clinical improvement was 
observed; thus, a balanced general anaesthesia was induced 
by IV administration of propofol (Proposure 10 mg/ml 
[Merial]: bolus 3 mg/kg IV and then a CRI of 0.1–0.25 mg/
kg/min) sequentially associated with midazolam 
(Midazolam IBI 5 mg/ml, bolus 0.2 mg/kg and a CRI of 
0.1–0.3 mg/kg/h) and dexmedetomidine (Dextroquillan 
0.5 mg/ml [ATI]: CRI of 0.5 µg/kg/h). A low dose CRI of 
ketamine (Nimatek 100 mg/ml [Dechra], bolus 0.25 mg/kg 
IV and then a CRI of 0.1–0.2 mg/kg/h) was administered 
for neuroprotective purposes. During anaesthesia the 
patient breathed spontaneously with supplemental oxygen 
at 1 l/min, maintaining a SpO2 of 96–97% and an end-tidal 
CO2 of 30–45 mmHg. Heart and respiratory rates were 
within the normal range. Active warming was instituted 
with a forced-air warmer (Bair Hugger Model 505 Patient 
Warming System; 3M) to maintain normothermia. 

Anticonvulsant therapy with phenobarbital 
(Luminale 200 mg/ml [Bracco]: 3 mg/kg q12h IM) was 
then started. Following a clinical suspicion of neurotox-
icity, low-dose ILE therapy was started (Intralipid 20% 
[Fresenius-Kabi]: bolus 1.5 ml/kg IV in 30 mins, then a 

CRI of 0.25 ml/kg/min for 3 mins, followed by 0.025 ml/
kg/min for 6 h, once the maximum dosage of 12.5 ml/kg 
was reached).3

Finally, a gastric lavage was performed, withdrawing 
dark-green-coloured material, suggesting oral metalde-
hyde intoxication. Activated charcoal was administered 
via enemas and a nasogastric tube, and a CRI of metoclo-
pramide was instituted for its prokinetic effect (Vomend 
5 mg/ml [Dechra], 1 mg/kg/daily IV). Discoloured, dark-
green faeces were submitted for qualitative toxicological 
analysis with gas chromatography–mass spectrometry. 
Minimum database abnormalities included compen-
sated metabolic acidosis and hypernatraemia secondary 
to hypertonic saline solution administration, signs con-
sistent with muscular damage, including increased con-
centrations of serum creatine kinase and aspartate 
aminotransferase, and a condition of mild systemic inflam-
mation, supported by neutrophilic leukocytosis and an 
increased concentration of circulating serum amyloid A 
protein. Coagulation parameters were within the normal 
reference intervals (Table 1).

In the first 24 h, the patient presented two suspected 
episodes of intracranial hypertension characterised by sys-
temic hypertension (SBP 190 mmHg) and miotic pupils, 
both successfully treated with mannitol (0.5 g/kg IV over 
20 mins). Anaesthetic drugs were progressively tapered 
and stopped after 28 h and extubation was possible 44 h 
after admission. After 70 h, the chemistry profile was unre-
markable except for a mild increase of alanine aminotrans-
ferase (ALT). Eight days after admission, complete 
recovery was seen and the cat started eating autono-
mously, neurological alterations completely resolved, clin-
ical conditions were assessed as normal and the patient 
was discharged. Results of toxicological examination con-
firmed the diagnosis of metaldehyde intoxication.

Discussion
Metaldehyde is one of the most common molluscicides 
used for the control of slugs and snails in Europe. 
Metaldehyde intoxication is a life-threatening condition 
requiring aggressive treatment of neurological altera-
tions. Its mechanism of action is still unclear, even 
though evidence suggests that its metabolite acetalde-
hyde or, more likely, metaldehyde itself can act on the 
gamma-aminobutyric acid-ergic system.13 Fatal compli-
cations, such as acute respiratory failure or disseminated 
intravascular coagulation, can occur, with a mortality 
rate of 16% in dogs.14–16 Similar data are reported in 
cats,17,18 even if information about pharmacological 
treatment, long-term intoxication effects and prognosis 
in cats is lacking.2

In the case described here, hypothermia, stuporous 
mentation, generalised fasciculations, horizontal nystag-
mus and anisocoria were the most remarkable clinical 
signs at presentation, associated with clinicopathologi-
cal data supportive of muscular damage and mild 
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systemic inflammation. Clinical presentation resembled 
previous reports described in the literature in cats intoxi-
cated with metaldehyde, except for hypothermia, which 
could be related to previous sedation with benzodiaz-
epines in the present case.2,13,14 The only case report doc-
umenting metaldehyde intoxication in cats dates back to 
1978,2 and few data exist about pharmacological treat-
ments, long-term effects of intoxication and prognosis.

Prompt gastric decontamination, enemas and admin-
istration of activated charcoal represent the treatment of 
choice of the patient intoxicated with metaldehyde, in 
addition to the control of neurological signs with seda-
tion and muscle relaxation.

Methocarbamol is normally used as the first drug 
of choice for muscle relaxation in this setting;13 how-
ever, this drug is unavailable in Italy. Balanced general 
anaesthesia with propofol, midazolam and dexme-
detomidine was therefore necessary to control the 
clinical signs. Phenobarbital was administrated as an 
anticonvulsant treatment and was associated with a 
low-dose CRI of ketamine, in order to have a potential 
neuroprotective effect. Electroencephalogram moni-
toring was not performed in our patient, but a seizure 
activity hidden by anaesthetic drugs could not be 
excluded.19,20 ILE has been used as an adjunctive treat-
ment for decontamination against several lipophilic 
toxic compounds both in human and veterinary patie
nts.3,6,21–23 Its mechanism of action is still under 

investigation, even if several studies demonstrated its 
scavenging effect, consisting of the redistribution of 
lipophilic compound out of toxin-susceptible organs 
and toward reservoir sites.7

The main indication for the use of ILE in clinical prac-
tice is reported in cats intoxicated with permethrin, 
where a faster resolution of clinical signs in treated 
patients are reported to be within 24 and 48 h.5,8,22 In per-
methrin toxicosis, the mortality rate varies from 10% to 
22%,24,25 and survey studies have reported hospitalisa-
tion costs as a contributing factor in the decision to 
euthanase.25

Despite the low lipophilicity of metaldehyde 
(LogP = 1.1),11 a potential application of the scavenging 
effect of ILE appeared effective in a case report of a dog 
with metaldehyde toxicosis.12 The elimination half-life of 
metaldehyde is reported to be around 27 h in humans 
and is associated with prolonged intensive care sup-
port.26 No toxicokinetic data are described in small ani-
mals; however, a potential impact of the use of ILE on 
recovery times and mortality might be considered in 
companion animals with metaldehyde toxicosis.

In our patient, there was no evidence that ILE influ-
enced recovery time and we could not confirm any tempo-
ral association between lipid administration and clinical 
improvement. However, the presence of a lipid-soluble 
compartment in blood could have, hypothetically, contrib-
uted to a better control of clinical signs. Furthermore, late 

Table 1 Clinicopathological variables upon hospital admission and at 72 h

Variable Hospital admission 72 h RI

pH 7.33 7.34–7.40
PCO2 26.4 32.7–44.7
HCO3 14 18–23.2
K+ (mmol/l) 3 3.6–5.8
Na+ (mmol/l) 161 141–155
Cl– (mmol/l) 140 119–132
Anion gap 10.6  
Lactate (mmol/l) 1.6 0–2.0
Haematocrit value (%) 40.2 29.9 32–48
Leukocytes (cells ×103/mm3) 28.22 10.74 4.80–14.93
Neutrophils (cells ×103/mm3) 26.60 8.11 1.60–10.00
Lymphocytes (cells ×103/mm3) 0.50 1.12 0.90–5.60
CK (U/l) 4226 91–326
AST (U/l) 57 9–40
ALT (U/l) 46 88 20–72
Total protein (g/l) 70.2 55.5 65.0–88.0
Albumin (g/l) 30.3 20.9 26.0–40.0
Creatinine (µmol/l) 97.24 84.86 70.72–159.12
SAA (µg/dl) 22 0–10
PT (s) 7.3 9–15
aPTT (s) 14.7 9–20

RI = reference interval; PCO2 = partial pressure of carbon dioxide; HCO3 = bicarbonate; CK = creatine kinase; AST = aspartate aminotransferase; 
ALT = alanine aminotransferase; SAA = serum amyloid A; PT = prothrombin time; aPTT = activated partial thromboplastin time
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gastric decontamination and administration of activated 
charcoal could also have influenced time to resolution of 
clinical signs.

Potential adverse effects associated with ILE infu-
sion are severe hypertension, acute respiratory distress 
syndrome,7,10,27 high lipophilicity of serum28–30 and ‘fat 
overload syndrome’, consisting of liver damage, pan-
creatitis28 and fat embolism. Other detrimental effects, 
such as unilateral facial pruritus, extravasation with 
pain and local swelling,31 and suspected corneal  
lipidosis,32 are described in the veterinary literature. 
Even if no optimal protocol of ILE infusion is available, 
in human medicine the use of a large volume of ILE is 
described during resuscitation33,34 and treatment of 
local anaesthetics, beta blockers or calcium channel 
blockers overdose.3,7,35 In veterinary medicine, a maxi-
mum total dose of 10 mg/kg after an initial bolus of 
1.5 ml/kg is recommended by Fernandez et  al,35 but 
higher doses are reported for pyrethroid intoxication 
in cats.6,23,36 Recent human guidelines and clinical stud-
ies recommend the use of low-dose ILE CRI in order to 
avoid fluid overload or other detrimental effects, with 
very promising results.8,9,37 In our case, the infusion of 
a low dose of ILE was safe with no relevant clinical and 
clinicopathological alterations, except for serum lipae-
mia. Hepatic damage secondary to metaldehyde intox-
ication is widely reported in dogs,13,14,38 but no data 
exist for cats. In our patient, a mild increase of ALT, 
potentially related to administration of phenobarbital 
and anaesthetic drugs, was reported at 72 h after hospi-
tal admission.

Conclusions
To our knowledge, this is the first report to describe an 
emergency approach to metaldehyde toxicosis in a cat 
and the additional use of low-dose ILE as supporting 
therapy, as carried out previously in dogs.12 The effec-
tiveness of ILE therapy in our case is unclear because it 
was necessary to use multiple drugs to control the clini-
cal signs. Further studies are needed to evaluate the pos-
sible effectiveness of ILE therapy in metaldehyde 
intoxication in cats.

Conflict of interest The authors declared no potential 
conflicts of interest with respect to the research, authorship, 
and/or publication of this article.

Funding The authors received no financial support for the 
research, authorship, and/or publication of this article.

Ethical approval This work involved the use of non-
experimental animals only (including owned or unowned 
animals and data from prospective or retrospective studies). 
Established internationally recognised high standards (‘best 
practice’) of individual veterinary clinical patient care were 

followed. Ethical approval from a committee was therefore 
not necessarily required.

Informed consent Informed consent (either verbal or 
written) was obtained from the owner or legal custodian of 
all animal(s) described in this work (either experimental or 
non-experimental animals) for the procedure(s) undertaken 
(either prospective or retrospective studies). For any animals 
or humans individually identifiable within this publication, 
informed consent (either verbal or written) for their use in the 
publication was obtained from the people involved.

ORCID iD Massimo Giunti  https://orcid.org/0000-0002-
7957-9320

References
 1 De Roma A, Miletti G, D’Alessio N, et al. Metaldehyde poi-

soning of companion animals: a three-year retrospective 
study. J Vet Res 2017; 61: 307–311.

 2 Jacquier C. Guerison de deux chats intoxiques au meta. 
Arch Tierheilk 1987; 120: 47–50.

 3 Fettiplace MR, Akpa BS, Rubinstein I, et  al. Confusion 
about infusion: rational volume limits for intravenous 
lipid emulsion during treatment of oral overdoses. Ann 
Emerg Med 2015; 66: 185–188.

 4 Crandell DE and Weinberg GL. Moxidectin toxicosis in a 
puppy successfully treated with intravenous lipids. J Vet 
Emerg Crit Care 2009; 19: 181–186.

 5 Haworth MD and Smart L. Use of intravenous lipid ther-
apy in three cases of feline permethrin toxicosis. J Vet 
Emerg Crit Care 2012; 22: 697–702.

 6 O’Brien TQ, Clark-Price SC, Evans EE, et  al. Infusion of 
a lipid emulsion to treat lidocaine intoxication in a cat.  
J Am Vet Med Assoc 2010; 237: 1455–1458.

 7 Fettiplace MR and Weinberg G. The mechanisms underly-
ing lipid resuscitation therapy. Reg Anesth Pain Med 2018; 
43: 138–149.

 8 Pelizzola M, Mattavelli C, Troìa R, et  al. Low-dose intra-
venous lipid emulsion as a safe treatment for lipophilic 
intoxications in five cats. Vet Rec Case Rep 2018; 6: e000663. 
DOI: 10.1136/vetreccr-2018-000663.

 9 Cumpston KL, Gopaul R and Wills B. Adjunctive use 
of low-dose intralipid associated with hemodynamic 
improvement in combined amlodipine and labetalol 
overdose refractory to standard therapy. Am J Ther 2017; 
24: e485. DOI: 10.1097/MJT.0000000000000485.

 10 Driscoll DF. Lipid injectable emulsions: pharmacopeial 
and safety issues. Pharm Res 2006; 23: 1959–1969.

 11 US National Library of Medicine. National Centre for Bio-
technology Information. Available at: https://pubchem.
ncbi.nlm.nih.gov/ (accessed July 9, 2020).

 12 Lelescu CA, Mureșan C, Muste A, et al. Successful treat-
ment of metaldehyde toxicosis with intravenous lipid 
emulsion in a dog. Acta Vet Brno 2018; 86: 379–383.

 13 Brutlag AG and Puschner B. Metaldehyde. In: Peterson 
ME and Talcott PA (eds). Small animal toxicology. 3rd ed.  
St Louis, MO: Elsevier, 2013, pp 635–641.

 14 Yas-Natan E, Segev G and Aroch I. Clinical, neurological 
and clinicopathological signs, treatment and outcome of 

https://orcid.org/0000-0002-7957-9320
https://orcid.org/0000-0002-7957-9320
https://pubchem.ncbi.nlm.nih.gov/
https://pubchem.ncbi.nlm.nih.gov/


Bergamini et al 5

metaldehyde intoxication in 18 dogs. J Small Anim Pract 
2007; 48: 438–443.

 15 Bates NS, Sutton NM and Campbell A. Suspected metalde-
hyde slug bait poisoning in dogs: a retrospective analysis 
of cases reported to the Veterinary Poisons Information 
Service. Vet Rec 2012; 171: 324.

 16 Studdert VP. Epidemiological features of snail and slug 
bait poisoning in dogs and cats. Aust Vet J 1985; 62: 269–271.

 17 James OD. Metaldehyde poisoning. Vet Rec 1955; 67: 248.
 18 Studdert VP. Incidence of poisoning in dogs and cats in 

Melbourne. Aust Vet J 1985; 62: 133–135.
 19 Golubovic SB and Rossmeisl JH. Status epilepticus in dogs 

and cats, part 2: treatment, monitoring, and prognosis.  
J Vet Emerg Crit Care 2017; 27: 288–300.

 20 Serrano S, Hughes D and Chandler K. Use of ketamine for 
the management of refractory status epilepticus in a dog. 
J Vet Intern Med 2006; 20: 194–197.

 21 Peacock RE, Hosgood G, Swindells KL, et  al. A random-
ized, controlled clinical trial of intravenous lipid emul-
sion as an adjunctive treatment for permethrin toxicosis 
in cats. J Vet Emerg Crit Care 2015; 25: 597–605.

 22 Ceccherini G, Perondi F, Lippi I, et  al. Intravenous lipid 
emulsion and dexmedetomidine for treatment of feline 
permethrin intoxication: a report from 4 cases. Open Vet J 
2015; 5: 113–121.

 23 DeGroot WD. Intravenous lipid emulsion for treating per-
methrin toxicosis in a cat. Can Vet J 2014; 55: 1253.

 24 Sutton NM, Bates N and Campbell A. Clinical effects 
and outcome of feline permethrin spot-on poisonings 
reported to the Veterinary Poisons Information Service 
(VPIS), London. J Feline Med Surg 2007; 9: 335–339.

 25 Malik R, Ward MP, Seavers A, et  al. Permethrin spot-on 
intoxication of cats: literature review and survey of veteri-
nary practitioners in Australia. J Feline Med Surg 2010; 12: 
5–14.

 26 Moody JP and Fraser GI. Persistence of metaldehyde dur-
ing acute molluscicide poisoning. Hum Ex Toxic 1992; 11: 
361–362.

 27 Botha H, Jennings SH and Press SA. Suspected acute respi-
ratory distress syndrome associated with the use of intra-

venous lipid emulsion therapy in a dog: a case report. 
Front Vet Sci 2019; 9: 225. DOI: 10.3389/fvets.2019.00225.

 28 Gwaltney-Brant S and Meadows I. Use of intravenous 
lipid emulsions for treating certain poisoning cases in 
small animals. Vet Clin North Am Small Anim Pract 2012; 42: 
251–262.

 29 Maton BL, Simmonds EE, Lee JA, et al. 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 2013; 23: 321–327.

 30 Vieitez V, Gómez de Segura IÁ and Martin-Cuervo M. Suc-
cessful use of lipid emulsion to resuscitate a foal after 
intravenous lidocaine induced cardiovascular collapse. 
Equine Vet J 2017; 49: 767–776.

 31 Bates N, Chatterton J and Robbins C. Lipid infusion in the 
management of poisoning: a report of 6 canine cases. Vet 
Rec 2013; 172: 339.

 32 Seitz MA and Burkitt-Creedon JM. Persistent gross 
lipemia and suspected corneal lipidosis following 
intravenous lipid therapy in a cat with permethrin 
toxicosis. J Vet Emerg Crit Care 2016; 26: 804–808.

 33 Weinberg GL, VadeBoncouer T, Ramaraju GA, et  al Pre-
treatment or resuscitation with a lipid infusion shifts the 
dose-response to bupivacaine-induced asystole in rats. 
Anesthesiology 1998; 88: 1071–1075.

 34 Weinberg G, Ripper R, Feinstein DL, et al. Lipid emulsion 
infusion rescues dogs from bupivacaine-induced cardiac 
toxicity. Region Anest Pain Med 2003; 28: 198–202.

 35 Fernandez AL, Lee JA, Rahilly L, et al. The use of intravenous 
lipid emulsion as an antidote in veterinary toxicology. J Vet 
Emerg Crit Care 2011; 21: 309–320.

 36 Kuo K and Odunayo A. Adjunctive therapy with intra-
venous lipid emulsion and methocarbamol for perme-
thrin toxicity in 2 cats. J Vet Emerg Crit Care 2013; 23: 
436–441.

 37 American College of Medical Toxicology. ACMT position 
statement: guidance for the use of intravenous lipid emul-
sion. J Med Toxicol 2017; 13: 124–125.

 38 Dolder LK. Metaldehyde toxicosis. Vet Med 2003; 98:  
213–215.




