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Acute intoxication is a common clinical presentation in first-opinion practice with 
numerous toxins that can lead to neurological signs. In this article, Sarah Butterfield 
BSc(Hons) BVSc PGDip(VCP) MRCVS, Senior Clinical Training Scholar in Neurology and 
Neurosurgery, Queen Mother Hospital for Animals (RVC London) aims to provide a basic 
overview of the clinical presentation of a patient with neurotoxicity, and to highlight the 
most common neurotoxins, the general approach to diagnostic testing and treatment 
strategies

Clinical approach to the acute 
neurological intoxication

INTRODUCTION
Intoxication is a common emergency presentation in first-
opinion practice with many presenting with neurological 
signs. This may be termed primary (via direct effect) on the 
nervous system or secondary (indirect effect) following 
dysfunction of other organs, such as in hepatic or uraemic 
encephalopathy1. 
Neurotoxins can also be classified as neuro-excitatory 
or neuro-inhibitory. Excitatory toxins typically cause 
hyperexcitability, seizures, muscle tremors, fasciculations 
and ataxia. Secondary complications include hyperthermia, 
disseminated intravascular coagulation (DIC) and 
rhabdomyolysis. Neuroinhibitory toxins can cause 
obtundation, stupor, coma and/or weakness or flaccid 
paralysis leading to respiratory failure1. 
Diagnosis is often based on clinical history (if known 

exposure or acute onset of signs, e.g., after a walk), and/
or clinical signs consistent with exposure and appropriate 
diagnostic testing. The exact toxin ingested is not always 
known and treatment in the emergency setting is often 
based on a presumptive diagnosis. Prompt recognition and 
appropriate emergency treatment is required to ensure a 
good outcome. 

CLINICAL APPROACH TO A SUSPECTED 
INTOXICATION 
Taking a history
It is important to take a thorough clinical history to assess 
the likelihood of intoxication. Typically, the signs are acute 
in onset in a previously healthy animal. It may be possible 
to discount a toxin as a likely cause of the neurological 
signs if, for example, the patient presents with a 
progressive neurological presentation (over days to weeks) 

A comatose Shar-Pei.
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or following multiple seizure events over a prolonged 
period of time with normal inter-ictal period. If the toxin is 
known, exact ingredients, possible dosage exposed to, and 
timing of exposure should be ascertained on admission. 

Clinical Examination
Common neurological signs and neurotoxins are listed 
in Table 1. A full assessment of the patient should be 
made and any immediate life-threatening complications 
addressed, such as hypovolaemia, cardiac rhythm 
abnormalities or hypo/hypertension. Respiratory rate and 
effort should be assessed, and in cases of respiratory 
compromise, a patent airway secured and ventilation 
provided. 

Diagnostic Testing
In the majority of cases, a definitive diagnosis is not 
possible and treatment is presumptive and supportive. 
Blood analysis should be performed including a 
minimum emergency database, comprehensive 
haematology and serum biochemistry. This may assist 
in identifying abnormalities that indicate a specific 
toxin causing systemic disruption and guide our 
treatment plan. Examples include acid-base disturbance 
such as metabolic acidosis and calcium oxalate 
monohydrate crystalluria in cases of ethylene glycol, 
severe azotaemia in uraemic encephalopathy, elevated 
liver parameters (including bile acid and ammonia) 
in hepatic encephalopathy, prolonged PT/APTT and 
activated clotting times in coagulopathies, and severe 
hypoglycaemia in cases of xylitol toxicity. It is suggested 
to collect plasma, serum and urine samples for freezing 
which may then be sent to an external laboratory for 
comprehensive toxicology. However, such analysis may 
take up to 10 days and treatment should not be delayed 
pending these results. If vomiting is a clinical feature or 
is induced as part of treatment (see below), the vomitus 
may also be visually inspected or material frozen for 
analysis. 

TREATMENT OF A SUSPECTED INTOXICATION:
With any intoxication, a general treatment approach may 
be followed (Figure 2). However, indications for specific 
therapies should be taken into account with individual 
patients. 

Stabilisation of vital parameters and neurological 
signs 
The patient must be assessed and any immediate 
treatment administered if required. Important 
considerations include seizure management, severe 
neuromuscular signs with subsequent respiratory 
compromise and raised intracranial pressure. The latter, 
although unlikely following neuro-intoxication, may be 
suspected if there is reduced or progressively deteriorating 
mental status, miosis, anisocoria or mydriasis. It is also 
possible to see progressive bradycardia, hypertension 
and an abnormal breathing pattern, also termed Cushing’s 
response or triad, which is evidence of severe or even 
terminal brain stem dysfunction. 
The Modified Glasgow Coma Scale can also be used 
to facilitate patient monitoring and early detection of 
deleterious trends. If an elevation in intracranial pressure 
is suspected, treatment should be initiated with either 
Mannitol (0.25-1g/kg of 10 per cent solution over 10-15 
minutes) or 7 per cent hypertonic saline (4ml/kg in dogs, 
2ml/kg in cats IV over 15 minutes) and the head elevated 
to encourage venous drainage. Blood sampling using the 
jugular vein should be avoided. Care should be taken using 
Mannitol in cases of hypovolaemia and dehydration due to 
risk of acute kidney injury, and avoidance using hypertonic 
saline in patients with hypernatraemia. You should always 
follow these with isotonic fluids to restore fluid balance 
following diuresis, to restore electrolytes and prevent 
hyperosmolarity. 
Seizures are a common clinical sign of neuro-toxicity and 
prompt treatment is vital to avoid secondary complications, 
such as long-term cerebral injury or heat stroke. Figure 1 
describes an approach to emergency seizure management. 

Potential neurotoxins and their typical clinical presentation1

Obtundation, 
Stupor, Coma

Neuromuscular 
Disease

Blindness
(Peripheral or 
Central)

Central Vestibular 
Disease

Seizures Generalised 
Tremor

Barbiturates
Ethylene glycol 
Lead
Metaldehyde
Theobromine 
(chocolate)
Opioids
Phenothiazines
Recreational drugs 
Anticonvulsants
Lithium
Organophosphates 
(OPs)

Tick paralysis
Botulism (carrion 
ingestion)
Aminoglycosides 
OPs

Enrofloxacin (cats)
Lead 
Ivermectin (dogs)

Metronidazole Rodenticides 
Xylitol
Lead
Bromethalin     
Strychnine         
Thalium
Lithium
Cholecalciferol
OPs
Carbamates
Permethrin
Metaldehyde
Ethylene glycol
Methylxanthines

Pyrethroids
OPs
Metaldehyde
Mycotoxins
Recreational 
drugs (cocaine, 
amphetamines)
Lead
Macadamia nuts
Metronidazole
Methylxanthines
Bromethalin
Nicotine

Table 1: Potential neurotoxins listed by typical clinical presentation. Note this list is not exhaustive and there are many 
additional toxins that may cause neurological signs in animals.
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If the patient is actively tremoring or showing evidence 
of muscle fasciculations, Methocarbamol may be used, 
either by an IV (currently unavailable in the UK) or oral 
preparation (44–220mg/kg IV, given in boluses of 30–
40mg/kg to a maximum of 330mg/kg/day1 or 20-45mg/kg 
PO every eight hours)2. If the patient is comatose or lacking 
a gag reflex, the oral preparation may be diluted in water 
and given rectally. This is particularly useful in cases of 
tremorgenic mycotoxins following ingestion of mouldy food. 
Intravenous benzodiazepines may also be considered as 
anti-epileptic therapy (see Figure 1), for skeletal muscle 
relaxation, anxiolysis and sedative effects. Caution must be 
taken in cases of hepatic damage due to their metabolism 
by the liver. Also beware of the risk of acute hepatic 
fulminant necrosis in cats reported following repeated oral 
administration. 

Prevent continued absorption of the toxin
Next, we must consider how to prevent continued 
absorption of the toxin, typically performed by inducing 
emesis if within three hours of ingestion. Contraindications 
to emesis include altered mentation, loss of gag reflex, 
seizures, coma, or ingestion of caustic substances. Should 
this be the case, gastric lavage may be considered as an 
alternative under general anaesthesia (see emergency 
texts for technique). It is important to stabilise the patient 
prior to anaesthesia and to make a risk-benefit assessment 
on the risks of an anaesthetic versus continued absorption 
of the toxin. In the case of percutaneous toxins, most 
notably permethrin toxicity in cats, decontamination of the 
coat is advised. In mild intoxications, treatment with oral 
activated charcoal alone may be sufficient. 

Enhance elimination of the absorbed toxin
Attempts must be made to enhance the clearance of 
the ingested toxin. Intravenous fluid therapy is indicated 
to ensure diuresis. Care must be taken in patients with 
concurrent cardiac disease, i.e., to avoid fluid overload, 

Emergency Management Of Seizures

Our A to E of Seizure Management:

A. Airway and ventilation must be assessed. Flow-
by oxygen may be administered or intubation 
with mechanical ventilation in the event of 
hypoventilation or hypoxia.  

B. Bloods should be taken for minimum emergency 
database including glucose and electrolytes. Jugular 
sampling should be avoided. 

C. Cool the patient slowly if hyperthemic >40 °C and 
stop when temperature reaches 39.5°C. 

D. Drugs to control seizures should be given 
intravenously. If no venous access is available: 
Midazolam 0.2mg/kg intramuscular or intranasal OR 
Diazepam 0.5mg/kg intrarectal.

E. Elevate the head to approximately 30° angle.

Further control of seizure management includes:

1. Midazolam (0.2mg/kg IV/IN/IM, 0.3mg/kg/hr CRI) 
or Diazepam (0.5mg/kg IV/PR, 0.5-2mg/kg/hr CRI). 
Boluses may be repeated up to 3 times q10 minutes, 
followed by CRI.

2. Levetiracetam: 40-60mg/kg bolus IV, followed by 
20mg/kg IV every 8 hours

3. Phenobarbitone: 3-6mg/kg incremental doses IV to 
effect,  to a maximum dose of 20mg/kg in 24 hours.

4. Ketamine: 250-500mcg/kg IV bolus followed by 
3-10mcg/kg/min CRI

5. Propofol: 0.1-0.2mg/kg/min CRI

Also consider:

· Mannitol (If there are signs of increased intra-
cranial pressure): 0.25-1g/kg IV of 10 per cent 
solution over 10-20 minutes

· Dextrose (for hypoglycaemia): 1-5ml 50 per cent 
dextrose IV slowly over 10 minutes. Dilute solution 
prior to administration. 

Figure 1: Fundamentals of emergency seizure 
management including specific drugs used.

Figure 2: Flowchart diagram demonstrating the general approach to a patient with suspected neurotoxin ingestion.

Stabilise vital signs
•	 Oxygenation and 

patent airway
•	 Maintain perfusion 

via blood pressure
•	 Maintain normal 

temperature

Provide supportive care
•	 Turn recumbent patiets 

every 4 hours
•	 Place urinary catheter to 

monitor urine output
•	 Liubricate eyes every 4 

hours
•	 Provide physiotherapy

Specific antidote available:
Administer (see table)

If patient seizures:
Treat (see table)

Prevent continued systemic absorption
via gastric decontamination

Take samples for 
diagnostic testing

Blood sampling
For haematology and 

biochemistry, and 
freeze serum/plasma 
for laboratory testing

Urine sampling
ForIn-house 
microscopic 

sediment analysis 
and freeze for testing

If gastric emptying 
was performed:

Visibly inspect vomitus 
Freeze vomitus for 

toxicology

Was ingestion recent and there are no 
contraindications to emesis*?

*includes seizures, depression, loss of gag 
reflex, coma, caustic substance ingested

Including emesis e.g.
with Amomorphine, 

Xylazine, a2-agonists, 
Mustard, Hydrogen 

Preoxide

YES NO

Use of activated 
charcoal

By oral administration

Use of activated 
charcoal

By stomach tube

Consider gastric lavage
under general 

anaesthesia and/
or perform enema if 
ingestion >4 hoursIf patient tremors:

Administer 
methocarbamol

PATIENT WITH SUSPECTED NEUROTOXIN INGESTION

Enhance clearance via
diuresis (IVFT)

Consider urinary 
catheterisation

(chocolate ingestion)

Consider use of 
metoclopramide CRI

to increase gut motility
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hypertension or acute renal failure. Placement of a urinary 
catheter could be considered, and can often be performed 
without sedation in males, to accurately measure urinary 
output. This is particularly of use following chocolate 
ingestion due to the continued absorption of metabolites 
across the bladder wall. A metoclopramide continuous rate 
infusion (CRI) at 1-2mg/kg/day has also been described to 
increase gut motility and reduce transit time.

Administer a specific antidote 
In addition to the general management of intoxication, 
administration of specific antidotes may be possible if the 
toxicity is known or suspected and an antidote is available 
(see Table 2). A particular consideration in the treatment 
of a neurological patient is the use of intravenous intralipid 
emulsion therapy (IVLE), also known as Intralipid. There 
remains debate on the exact mechanism of action of 
Intralipid, however in many cases of neurotoxicity the 
clinical signs result from lipid-soluble toxins crossing the 
blood-brain-barrier, and therefore using a therapy which 
reduces the tissue concentration of any lipid-soluble 
toxicant, as is the case with intralipids, should be of 
benefit. The risks of its use are low but include corneal 
lipidosis, fat overload syndrome and pancreatitis3, and it 
should always be administered using a filter to reduce the 
risk of fat emboli. Notable neurotoxins where it is of benefit 
include ivermectins, permethrin, tremorgenic mycotoxins 
and recreational drugs. Various protocols for IVLE have 
been described. Dosage is usually an initial IV bolus of 
1.5ml/kg given over two to three minutes, followed by a 
CRI of 0.25ml/kg/min for 30-60 minutes. If there is a risk 
of fluid overload, a reduced rate of 4ml/kg/hour for four 
hours has been suggested3. 

Providing supportive care
Patients may present with severe neurological signs 
including altered mentation (obtundation, stuporous 
or comatose), or require sedation and/or mechanical 
ventilation. Intensive nursing of the recumbent patient may 
be required and it plays a vital role in the recovery of the 
patient and prevention of further complications. 

SPECIFIC CONSIDERATIONS: 
•	 If intubation is required e.g., in comatose patients, a 

cuffed endotracheal tube should be used. For prolonged 
periods of intubation, the cuff should be deflated, 
repositioned and then re-inflated to prevent damage 
to the mucosal lining due to prolonged pressure. The 
endotracheal tube and the oropharynx should be 
suctioned regularly. The tongue should be moistened 
regularly to prevent drying and ulceration. 

•	 Normovolaemia should be maintained and hydration 
corrected. Consider any fluid losses, including 
vomiting/diarrhoea, the effect of administered drugs 
(diuresis by Mannitol or hypertonic saline) and 
prolonged anaesthesia with subsequent free water 
loss from respiratory mucosa (particularly when the 
ventilator circuit is not humidified).

•	 Normothermia should be maintained. Aggressive active 
cooling should be initiated if the patient is hyperthermic 
(rectal temperature greater than 40°C/104°F) until 
the rectal temperature is 39.5°C/103.5°F. Cooling via 
convection is the most effective way (wetting animal or 
use of cool fan). Use of ice packs can cause cutaneous 
vasoconstriction and slow cooling. Wet towels will 
impair evaporative losses. Patients with hypothermia 
should be slowly corrected with frequent reassessment 
of temperature. It is important to continually monitor 
circulation parameters (heart rate/rhythm, blood 
pressure) as well as metabolic state (particularly blood 
glucose concentration). Warming is most effective via 
circulating warm air blankets. 

•	 Patients that have ingested a caustic substance or 
are at risk of gastrointestinal mucosal damage or 
oesophagitis will likely benefit from gastro-protectant 
treatment. Commonly used medications include 
omeprazole (1mg/kg IV/PO) or sucralfate (500mg/dog 
q6-8hours PO (up to 20kg), 1-2g/dog q6-8 hours (>20 
kg), 250mg/cat q8-12 hours PO)2. Anti-emetics may also 
be considered such as maropitant (1 mg/kg IV/SC) or 
metoclopramide (0.5 mg/kg IV/IM/SC). 

GENERAL CONSIDERATIONS
•	 The patients should be turned every four hours to 

prevent pressure sores, and padded bedding provided. 
•	 Patients should be supported in sternal recumbency 

with regular oxygenation monitoring. There is a high 
risk for atelectasis leading to hypoxaemia if in lateral 
recumbency for prolonged periods of time. 

•	 Daily physiotherapy should be performed such as 
passive range of motion of the limbs. 

•	 The bladder must be effectively managed either by 
regular expression or catheterisation. If the latter, 
aseptic technique should be used with a closed system. 
Urinary output can be accurately calculated, and should 
aim for between 1-2ml/kg/hr. 

•	 Patients with impaired ability to blink will require 
ocular lubricants applied at least every four hours to 
prevent complications such as corneal ulceration from 
prolonged exposure. 

CONCLUSION
A logical approach should be taken to manage any 
intoxicated patient, with particular consideration to 
those patients presenting with specific neurological 
signs such as tremors, mentation changes, and 
seizures. Prompt management of life-threatening 
complications such as status epilepticus and elevated 
intracranial pressure must be initiated, and steps 
taken to prevent secondary complications. Recovery 
can be variable, however would expect to see signs of 
improvement within one to two days. A full recovery 
is possible despite severe clinical presentation. Often 
those patients with acute intoxication can be the most 
challenging and require intensive nursing care, but they 
can also be the most rewarding.
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Toxin CNS Effect Clinical Signs Recommended Treatment*

Aflatoxins Excitatory Vomiting, panting, salivation, anxiety, restlessness, 
hyperaesthesia, muscle tremors, seizures. 

Benzodiazepines +/- 
Methocarbamol 

Amphetamine Excitatory Behavioural changes, hyperactivity, mydriasis, 
hyperthermia, tachycardia, tremors, respiratory depression, 
cardiac dysrhythmias.

Naloxone IV/IO, IM4

Chlorpromazine

Bromethalin 
(rodenticide)

Excitatory Hyperaesthesia, tremors, seizures, hyperthermia, ataxia, 
extensor rigidity, paresis, paralysis. Delayed CNS 
depression, coma.

Methocarbamol
Mannitol or 7%
hypertonic saline for oedema

Cannabis or 
synthetic (“spice”)

Inhibitory Lethargy, CNS depression, vomiting, urinary incontinence, 
hyperaesthesia, mydriasis, ptyalism, bradycardia, tremors, 
ataxia. 

IV lipid emulsion

Cocaine Excitatory Seizures, tremors, peripheral vasoconstriction, 
hyperthermia.  

Naloxone IV, IM
Acepromazine IV, IM, SC
Chlorpromazine IV, IM5

Ethylene glycol Both 1-4 hours: ataxia, tachycardia, tachypnoea, diuresis, 
polydipsia.
4-6 hours: anorexia, depression, emesis, miosis, metabolic 
acidosis..

4-Methylpyrazole7

Ethanol (20%)8

Fomepizole6

Ivermectin and 
other macrolide 
parasiticides

Both Ataxia, lethargy, tremors, mydriasis, blindness, 
hypersalivation, disorientation, seizures, weakness, stupor, 
coma, respiratory failure.

IV lipid emulsion. 
Propofol CRI considered if 
sedation required. 

Lead, Arsenic Excitatory Vomiting, abdominal pain, diarrhoea, lethargy, PUPD, 
aggression, ataxia, head pressing, blindness, tremors, 
polyneuropathy, seizures. Usually younger more affected, 
can be intermittent.

Succimer CaNa2 EDTA and/
or
D-penicillamine1

Macadamia nuts Inhibitory Vomiting, hyperthermia, depression, hindlimb weakness, 
stiffness, paresis, muscle tremors. 

Methocarbamol for tremors.

Metaldehyde 
(slug/snail bait)

Excitatory Rapid onset tremors, ataxia, seizures, tachypnoea, 
salivation, mydriasis, hyperthermia, tachycardia, metabolic 
acidosis. If severe coma, opisthotonos, heat stroke, DIC.

Reduced gastrointestinal 
motility warrants emesis 
and/or lavage. 

Methylxanthines 
(caffeine, 
theobromine, tea)

Excitatory Seizures, smooth muscle relaxation, diuresis, restlessness, 
tachycardia, weakness, ataxia, hyperactivity, muscle 
tremors, hyperthermia and clonic seizures.

Treatment for arrhythmias 
if present. Enhance urinary 
clearance via regular 
bladder emptying. 

Metronidazole Inhibitory Vomiting, stomatitis, glossitis, ataxia, vestibular signs 
(bilateral), tremors, seizures, peripheral neuropathy. 

Diazepam hastens recovery 
(not recommended for long-
term use in cats). 

Mycotoxins 
(tremorgenic)

Excitatory Anxiety, hyperaesthesia, restlessness, panting, 
hypersalivation, vomiting, muscle tremors, seizures, status 
epilepticus, hyperthermia and heat stroke.

Methocarbamol
IV lipid emulsion.

Narcotics, Opioids Inhibitory Depression, ataxia, decreased sensory pain perception, 
emesis, defecation, delirium, seizures, miosis, coma, 
respiratory depression, hypotension.

Naloxone IV, IM

Nicotine Both Salivation, hyperactivity, vomiting, miosis, defecation, 
bradycardia secondary to vagal stimulation, vasodilation, 
hypotension, tremors, convulsions, depression, weakness 
paralysis, death. 

Atropine (parasympathetic 
signs)

OPs / carbamate 
insecticides

Both Diarrhoea, urination, miosis, bronchospasm, bradycardia, 
emesis, lacrimation, salivation (known as DUMBBELS). 

Atropine sulphate IM 
(muscarinic signs)
Pralidoxime chloride (OPs) 

Pyrethroids; 
Permethrins

Excitatory Tremors, fasciculation, ear twitching, paw flicking, ataxia, 
seizures, hyperthermia, mydriasis.  

Methocarbamol
Benzodiazepines
IV lipid emulsion

Salt toxicity 
(sodium chloride)

Excitatory Acute gastroenteritis, dehydration, vomiting, polydipsia, 
polyuria, ataxia, tremors, hyperthermia, seizures and death. 

Cautious correction with 
IVFT. Mannitol if oedema. 1

Strychnine Excitatory Anxiety, tremors, muscle rigidity, facial muscle contracture 
(‘sardonic grin’), opisthotonos (‘saw horse stance’), 
hypoventilation, hypoxia, heat stroke. 

Sedate patient for 24-72 
hours until signs resolve. 
Treat spasms1

Xylitol Both Acute vomiting, lethargy, weakness, seizures 
(hypoglycemic), hypokalemia, hypophosphatemia, 
hyperphosphatemia (with hepatic damage is poor 
prognostic indicator). 

Correct hypoglycaemia. 
Vitamin K1 therapy if 
appropriate.9

Table 2: Commonly encountered neurotoxins, their associated clinical signs and specific treatment/antidote if available. *For 
doses, please refer to emergency texts.
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1.	 WHAT THREE CLINICAL FEATURES ARE SUGGESTIVE OF 
CUSHING’S REFLEX IN CASES OF SEVERE ELEVATED INTRA-
CRANIAL PRESSURE?

	 A.	 Tachycardia, hypertension, altered breathing pattern
	 B.	 Bradycardia, hypertension, altered breathing pattern
	 C.	 Bradycardia, hypotension, seizures
	 D.	 Tachycardia, hypotension, seizures

2.	 WHAT IS NOT A CONTRAINDICATION FOR INDUCING 
EMESIS? 

	 A.	 Altered mentation
	 B.	 Loss of gag reflex
	 C.	 Ingestion of caustic substances
	 D.	 Ingestion within 2 hours

3.	 WHICH OF THE BELOW SPECIFIC THERAPIES IS INDICATED 
IN THE TREATMENT OF IVERMECTIN, PERMETHRIN, 
TREMORGENIC MYCOTOXINS AND RECREATIONAL DRUG 
TOXICITY?

	 A.	 Intravenous intralipid therapy
	 B.	 Ethanol
	 C.	 Atropine
	 D.	 Succimer CaNa2 EDTA

4.	 WHICH OF THE BELOW TOXINS TYPICALLY CAUSES SIGNS 
OF CENTRAL VESTIBULAR DISEASE?

	 A.	 Ethylene glycol
	 B.	 Metaldehyde
	 C.	 Botulism
	 D.	 Metronidazole

5.	 WHICH MEDICATION IS TYPICALLY INDICATED FOR 
TREATMENT OF TREMORS?

	 A.	 Levetiracetam
	 B.	 Mannitol
	 C.	 Methocarbamol
	 D.	 Phenobarbitone

ANSWERS: 1B; 2D; 3A; 4D; 5C.

Reader Questions and Answers

A version of this article was first published in Veterinary 
Practice (https://www.veterinary-practice.com/article/
approaching-the-acute-encephalopathic-patient).
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