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Poisons affecting the
cardiovascular system

Cardiac and cardiovascular function can be affected by numerous substances, including overdose of drugs

for cardiac and cardiovascular conditions, drugs used in the management of other diseases, over-the-counter
medicines and supplements, foods and natural toxins such as plants. A common cause of tachycardia in dogs is
exposure to salbutamol from piercing an asthma inhaler. Cardiac drugs such as beta-blockers and calcium-channel
blockers can cause hypotension and disrupt cardiac rhythm. Although severe cases are not common in companion
animals, management may be complex, requiring high dose insulin therapy and/or lipid emulsion therapy. The
methylxanthines caffeine and theobromine, which are found in foods, and caffeine in supplements, are readily
accessible to pets and can cause central nervous system and muscle (including cardiac muscle) stimulation.
Animals with pre-existing cardiac disease or those with a mixed cardiotoxic drug overdose are likely to be more

at risk of effects after exposure to substances affecting the cardiovascular system. Support of cardiac and
cardiovascular function is essential to prevent cardiac injury and maintain tissue perfusion. Specific management
depends on the severity of clinical signs and the particular substance involved. https://doi.org/10.12968/coan.2020.0066
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ome poisons can result in significant cardiac and/or
cardiovascular complications. These include drugs for Box 1. Potential toxicological causes
cardiac and cardiovascular conditions, drugs used in of cardiac or cardiovascular effects in
the management of other diseases, over-the-counter companion animals
medicines and supplements, foods and natural toxins such as ® Many drugs for treating arrhythmias or hypertension
5-hydroxytryptophan (5-HTP)
5-fluorouracil
Sympathomimetics (phenylephrine, phenylpropanolamine,
Animals with pre-existing cardiac disease are likely to be ephedrine, pseudoephedrine)
Tricyclic antidepressants
Baclofen and other muscle relaxants
Amphetamines
Vitamin D compounds (as a result of calcification of cardiac
repeat prescription delivered through the letterbox, contents of a tissue)
Plants containing cardiac glycosides such as foxglove
(Digitalis species), oleander (Nerium oleander), Lily-of-the-
Effects on specific receptors valley (Convallaria majalis)
Salbutamol Yew (Taxus baccata)
Salbutamol (albuterol) is a selective beta-2(B,)-adrenoceptor Alphachloralose
Adder bite
Bufo marinus (cane toad)
Insulin overdose (as a result of hypokalaemia)

plants (Box I). Some of the more common substances and those
requiring complex management are discussed here. Terms are

explained in Table 1.

more at risk of adverse effects after exposure to a cardiotoxin. In
addition, animals with a mixed cardiotoxic drug overdose (e.g. a
calcium-channel blocker and a beta-blocker) are also more at risk.

This is more likely to occur if a dog raids a medicine supply (e.g. a

dosette box) rather than simply ingesting a dropped tablet.

agonist with effects on both smooth and skeletal muscle. It is
widely used in human medicine as a bronchodilator for respiratory

conditions. Dogs are commonly exposed when they bite and pierce
an inhaler containing salbutamol (Figure I) since these devices are
usually readily accessible.
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Table 1. Definitions of terms used

Term Meaning or effect

Agonist In pharmacology, a drug that binds to a receptor and activates the receptor to produce a biological response
Antagonist In pharmacology, a drug that blocks the effect of an agonist

Arrhythmia A disorder of the heart that affects the rate or rhythm at which the heart beats

Cardiac output

The amount of blood the heart pumps through the circulatory system in a minute

Cardioselectivity

Refers to drugs, mainly beta-blockers, that have multiple pharmacological effects but act mainly on the
cardiovascular system

Chronotropic effect

Decrease in heart rate

Extrasystoles

Additional heartbeats that occur outside the normal heart rhythm

Hypoperfusion

Reduced blood flow

Idioventricular rhythms

A slow regular ventricular rhythm, typically with a rate of less than 50 beats per minute

Junctional rhythm

A junctional rhythm occurs when the electrical activation of the heart originates near or within the
atrioventricular node, rather than from the sinoatrial node (a specialised heart structure that initiates the
electrical impulses to stimulate contraction)

Myocardial contractility

The ability of the heart muscle to contract

Negative inotropic effect

Reduction in blood pressure

Paroxysmal tachycardia

A type of irregular heartbeat

Paroxysmalrhythms

Paroxysmal means that the episode of arrhythmia begins and ends abruptly

Partial agonist

Drugs that bind to and activate a given receptor but have only partial efficacy and produce submaximal
response at the receptor compared to a full agonist

QT prolongation An electrical disturbance that can be seen on an electrocardiogram, where the heart muscle takes longer
than normal to recharge between beats
Selectivity Selectivity refers to a drug’s ability to preferentially produce a particular effect and is related to the structural

specificity of drug binding to receptors

Torsade des pointes

A specific type of abnormal heart rhythm that is a polymorphic ventricular tachycardia (a fast, abnormal
heart rate starting in the ventricles) that shows distinct characteristics on the electrocardiogram. It usually
terminates spontaneously but frequently recurs and may degenerate into ventricular fibrillation

Ventricular arrhythmias

Abnormal heartbeats that originate from the lower heart chambers (the ventricles)

Ventricular fibrillation

An abnormal heart rhythm caused by disorganised electrical activity in which the ventricles of the heart
quiver instead of pump. It is a serious cardiac disturbance that can be fatal

Ventricular premature
contractions

Where the heartbeat is initiated by Purkinje fibres in the ventricles (two large chambers toward the bottom
of the heart) rather than by the sinoatrial node (a specialised heart structure that initiates the electrical
impulses to stimulate contraction, which is located in the right atrium (one of the upper chambers) of the
heart)

Mechanisms of toxicity

Na*/K* adenosine triphosphate (ATP) pump (Whyte et al, 1987;

There are two types of B-receptors (B, and B,) and they are
distributed in different tissues. The clinical effects of salbutamol
toxicosis are a direct result of the f,-agonist activity of the drug
and at therapeutic concentrations, salbutamol is selective for [32
adrenergic receptors, primarily causing relaxation of bronchial,
vascular and uterine smooth muscle. At higher doses, the B,
selectivity of salbutamol may be reduced, with activation of B,
adrenergic receptors, resulting in cardiovascular stimulation
(Stiles and Plumb, 1993; Libretto, 1994). Increases in heart
rate seen with salbutamol exposure include a reflex response
to systemic hypotension resulting from salbutamol-induced
peripheral and coronary vasodilation (Nayler and McInnes, 1972;
Petruska et al, 1997).

Salbutamol can also cause hypokalaemia, possibly as a result
of cyclic adenosine monophosphate-mediated stimulation of the

Vite and Gfeller, 1994). The decrease in serum potassium levels
is transient and total body potassium does not decrease (Vite and
Gfeller, 1994). The low serum potassium concentration can result
in muscle weakness and flaccid paralysis (Vite and Gfeller, 1994).
Salbutamol-induced hypokalaemia can also cause arrhythmias
and reduced urinary acid secretion resulting in metabolic acidosis
(McCown et al, 2008).

Clinical effects
The onset of effects after exposure to salbutamol can be rapid,
usually 30 minutes to 4 hours in most cases.

The most common features in cases of salbutamol toxicosis
in dogs are tachycardia, tachypnoea, vomiting, lethargy, panting,
hypokalaemia and tremor (Crouchley and Bates, 2016). Other
reported effects include polydipsia, collapse, weakness, ataxia,
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Figure 1. Piercing a salbutamol inhaler for humans can cause
tachycardia, tachypnoea and hypokalaemia in dogs.

excitability, hyperaesthesia, peripheral vasodilation, twitching,
depression, conjunctival hyperaemia, vocalisation, hyperpnoea
or hyperventilation and hypersalivation (Crouchley and Bates,
2016). Salbutamol can cause a transient hyperglycaemia followed
by an increase in serum insulin levels.

Hypokalaemia can result in muscle weakness and flaccid
paralysis (Vite and Gfeller, 1994; McCown et al, 2008) and
arrhythmias (Romito et al, 2013) (Box 2).

Some metered-dose inhalers contain compressed gas and
this can occasionally cause significant oral thermal injury
in dogs. The onset can be delayed by 24hours and oedema,
ulceration and erythema of the soft palate, extensive pharyngeal
and laryngeal oedema, resulting in increasing respiratory
distress, have been reported (Mackenzie et al, 2012). This is not
common but mild signs of facial, oral or ocular inflammation
may be seen.

Recovery from salbutamol toxicosis usually occurs within
8-24hours, but occasionally can be longer. A case described in the
literature reported cardiac effects (persistent extrasystoles, phases
of idioventricular rhythm of slow heart rate and paroxysmal
ventricular tachycardia) that lasted up to 2months in a dog after
acute salbutamol exposure, despite correction of hypokalaemia
within 19 hours after exposure (Matos et al, 2012).

Treatment
Treatment of salbutamol overdose is aimed at providing supportive
care based on clinical signs and controlling tachycardia.

Box 2. Case reports

Salbutamol

A 4-year-old Labrador Retriever guide dog was found

panting and distressed, with a punctured can of salbutamol.
On presentation (up to 12 hours after exposure), the dog

had a tachyarrhythmia with femoral pulse deficits. The

dog was treated with IV lactated Ringer’s solution and
referred to the emergency centre where it was found to

have significant tachycardia (180 bpm) with pulse deficits.

An electrocardiogram showed paroxysmal ventricular
tachycardia and multiple premature ventricular complexes
(PVCs), and the dog was hypokalaemic (2.47 mmol/litre,
range 3.6-5.8 mmol/litre). The dog was treated with lactated
Ringer’s solution supplemented with potassium chloride,
oxygen and propranolol. The tachycardia and PVCs reduced,
but the ventricular tachycardia was persistent with runs of

up to 30-40seconds. Propranolol was changed to lidocaine,
which reduced the frequency of the arrhythmia. After

7 hours, the potassium had normalised and the potassium
supplementation was reduced to maintenance rate. Lidocaine
was continued overnight, then the dose was reduced as

the dog had improved, however this caused the ventricular
tachycardia to return and lidocaine was therefore increased
again. After 24 hours (2 days after presentation) the lidocaine
was once again reduced, then reduced further over the

next 12 hours with only occasional PVCs. Lidocaine was

then stopped (36 hours after presentation) and the dog was
observed for a further 24 hours, where only occasional PVCs
were seen. The dog was then discharged (3.5 days after initial
presentation) and was clinically normal 7 days later (Mitten et
al, 1999).

Calcium-channel blocker

A 4-year-old Pomeranian presented 2.5 hours after ingestion of
a diltiazem extended-release capsule (79 mg/kg) and was given
an emetic. Clinical signs of progressive hypotension and severe
bradycardia with atrial standstill (by 6 hours post-ingestion)
were observed, which persisted despite treatment with IV
fluids, atropine, calcium, glucagon, and dopamine. She was
given high-dose insulin therapy (at 10 hours) and lipid emulsion
(at 6hours for 20 hours). Within 1 hour of initiating high-dose
insulin therapy, the clinical signs improved, and with continued
treatment, she remained normotensive. She was discharged

45 hours after admission (Maton et al, 2013).

Caffeine

A 29.4kg husky ingested 30-60 capsules of raspberry ketones
and caffeine. From 30 minutes she developed vomiting and
rapidly progressed to panting, ataxia, twitching, cyanosis,
seizures, cardiac arrest and died 1.5 hours post-ingestion. Both
diazepam and adrenaline were ineffective (MacCallum et al,
2017).

Gut decontamination is usually not required for salbutamol
exposure since many cases result from puncturing an asthma
Activated if an oral

inhaler. charcoal can be considered
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formulation has been ingested within an hour, provided the
animal is asymptomatic.

Monitoring of animals with salbutamol over-exposure should
include the heart rate, blood pressure and electrocardiogram (Stiles
and Plumb, 1993). If clinical effects develop, then the electrolytes,
particularly the potassium concentration, should be checked
and corrected. Note that initial correction of a low potassium
concentration does not involve potassium supplementation.
Salbutamol causes a transient decrease in serum potassium and
this does not reflect a decrease in total body potassium. Therefore,
abeta-blocker is a more specific treatment for salbutamol-induced
hypokalaemia than potassium supplementation (Vite and Gfeller,
1994). Propranolol is preferred over atenolol since it is not selective
for B,-receptors but will act on both , and ,, and will help control
systemic signs, hypokalaemia and cardiac effects. If the potassium
concentration falls below 2.5mmol/litre, however, then it is
appropriate to correct with IV potassium supplementation. Also,
caution is advised when administering IV fluids without checking
potassium concentrations, since IV fluid therapy may further
dilute potassium and exacerbate signs of hypokalaemia (Vite and
Gfeller, 1994).

If tachycardia is prolonged or severe, or if there are signs of
reduced cardiac output (pale mucous membranes, weak pulses,
cold extremities; Stiles and Plumb, 1993) then a beta-blocker,
preferably propranolol, is recommended. If arrhythmias occur
despite propranolol administration, lidocaine can be given
(Mitten et al, 1999). If lidocaine is used instead of propranolol,
however, potassium concentrations should be monitored closely
as lidocaine will not correct hypokalaemia (Mitten et al, 1999).

In dogs with severe or persistent tachycardia consider
checking troponin concentrations because myocardial
damage can lead to cardiac sequelae in salbutamol overdose.
If myocardial injury is suspected or confirmed and there
are persistent arrhythmias, an antiarrhythmic drug may be
required, e.g. propranolol.

Intravenous fluids can be given for shock or collapse, if
appropriate, with monitoring of electrolytes.

Oral thermal injury may be delayed in onset, therefore once
discharged the owner should be advised to observe for any
signs associated with oral injury (inappetence, anorexia, adipsia,
dysphagia, respiratory distress) and to return if they occur
(Mackenzie et al, 2012). Management is supportive.

Beta-blockers

Beta-receptor antagonists (beta-blockers) such as atenolol,
propranolol and bisoprolol, are used in veterinary and human
medicine in the management of hypertension, hyperthyroidism,
glaucoma, arrhythmias and cardiomyopathy.

Mechanisms of toxicity

Beta-blockers exert their effects by antagonising the effects of
catecholamines at beta-adrenergic receptors. B, receptors in the
heart control heart rate and contractility, regulate heart rate and
blood pressure. Beta-blockade of these receptors, therefore, will
cause negative inotropic (reduce blood pressure) and chronotropic
effects (decrease heart rate).
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As noted earlier, B,-receptors are present in smooth muscle
including bronchial and vascular smooth muscle. {,-receptors
in the liver control glycogenolysis and gluconeogenesis. Beta-
blockade of B,-receptors therefore results in an increase in airway
resistance, reduced breakdown of muscle glycogen and inhibition
of catecholamine-dependent lipolysis.

Beta-blockers mediate potassium uptake into skeletal muscle,
liver cells and adipose tissue. B, agonists (such as salbutamol)
stimulate Na+/K+ ATP, which prompts potassium uptake
into skeletal muscles. Increased insulin secretion by beta-
blockers can further increase cellular potassium uptake. Beta-
blockade interferes with these processes (hence their usefulness
in salbutamol overdose, as noted above) and may produce
hyperkalaemia in overdose (Anderson, 2008).

Variations in the pharmacological properties (cardioselectivity,
partial agonist, membrane stabilising activity and lipid solubility)
influence the therapeutic actions and side effects of the different
beta-blocker drugs.

Clinical effects

Clinical signs of beta-blocker poisoning can occur within 6 hours
of ingestion (8 hours for sotalol) or up to 12hours for modified
release tablets that have been swallowed whole.

Hypotension and bradycardia are the most common effects
seen in overdose, but beta-blockers with partial agonist activity
(pindolol, celiprolol) may lead to tachycardia. Other effects
include central nervous system depression, respiratory depression,
arrhythmias
atrioventricular block) and asystole. These effects are uncommon

convulsions, pulmonary oedema, (especially
in beta-blocker poisoning in dogs.

Hypoglycaemia and hyperkalaemia may be seen but are
uncommon in beta-blocker poisoning. Azotaemia and elevated
liver enzymes may occur following prolonged hypotension and
decreased tissue perfusion, and acidosis can result from poor
cardiac perfusion.

The effects of sotalol in overdose are different as it is a beta-
blocker with class III anti-arrhythmic activity. Cases are rarely
reported in dogs but in human cases sudden deterioration
can occur. Signs reported in humans include hyperkalaemia
and hypoglycaemia, drowsiness, metabolic acidosis, coma,
convulsions, respiratory depression, bradycardia with or without
hypotension, cardiovascular collapse and arrhythmias.

Treatment

Treatment of beta-blocker poisoning is aimed at gut
decontamination, providing supportive care based on clinical
signs and supporting cardiovascular function.

A therapeutic dose, particularly in a drug-naive animal, will
cause beta-blockade and exertion could potentially cause sudden
and transient weakness and collapse. It is therefore advised to warn
the owner of this potential risk and to suggest reduced exercise/
cage rest for a few hours following ingestion of a beta-blocker.

If ingestion was recent (within 1-2hours) an emetic can be
given followed by activated charcoal (1-3g/kg). Repeated doses
of activated charcoal may be of benefit if a sustained released
preparation has been ingested (1 g/kg every 4-6 hours for 2-4 doses).

219



CLINICAL REVIEW

220

Monitoring should include blood pressure, heart rate
and electrocardiogram (to assess presence of conduction
abnormalities), blood glucose and potassium concentrations.
It is also important to monitor for fluid overload with frequent
assessment of respiratory effort and rate and lung sounds. In
addition, animals with sotalol overdose and significant signs will
require monitoring of blood gases.

Hypotension should initially be treated with intravenous
fluids but this may be ineffective in animals with bradycardia.
Atropine can be used in dogs with bradycardia (<50bpm),
but it may be resistant to atropine therapy (Peterson, 2016). In
animals unresponsive to intravenous fluids and atropine, the
use of insulin/dextrose therapy and/or lipid emulsion should be
considered (Table 2). High dose insulin therapy is commonly used
in humans with beta-blocker poisoning who are unresponsive to
other therapies (Karthik et al, 2015; Cole et al, 2018; Seegobin
et al, 2018; Rotella et al, 2020) and there is good evidence in
animal models for its efficacy in beta-blocker toxicosis (Kerns
et al, 1997; Harvey et al, 2011; Cole et al, 2013). It is unlikely to
be required in the majority of cases in dogs since severe cases
are uncommon.

Intravenous lipid emulsion therapy (Table 2) has been used
successfully in humans with beta-blocker overdose (Barton et al,
2015; Walter et al, 2018) and experimental animals (Macala et al,
2018; Katzung et al, 2019). In experimental studies, lipid emulsion
appeared to be useful even in poisoning with beta-blockers that
were not lipophilic, such as atenolol (Cave and Harvey, 2009).

Other therapies include diazepam for convulsions and airway
protection, and ventilatory support for animals with seizures,
respiratory depression or decreased mental status if required.

Management of sotalol toxicosis is different and drug therapy
should be avoided if possible, because of the risk of worsening
features of overdose. Use of class Ia (quinine, quinidine,
procainamide, disopyramide) and class III (amiodarone) anti-
arrhythmic drugs is contraindicated since they may precipitate
further changes in the QT interval of the electrocardiogram.
Lidocaine is also contraindicated as it further reduces the blood
pressure. Magnesium can be given for torsade des pointes
(Table 2).

Calcium-channel blockers

Examples of calcium-channel blockers are amlodipine, diltiazem
and verapamil. Some calcium-channel blockers are used in
veterinary medicine for hypertension and cardiac disease.
Severe cases of poisoning in dogs have been reported (e.g. Syring
et al, 2008; Maton et al, 2013; Becker and Young, 2017) but are
not common.

Mechanism of toxicity

Calcium-channel blockers act by inhibiting movement of calcium
ions from extracellular sites through the membrane-based
calcium channels. All these drugs decrease arterial vascular
resistance and thereby lower the blood pressure. Diltiazem,
and particularly verapamil, also decrease resting heart rate
and myocardial contractility (the ability of the heart muscle to
contract).

Clinical signs

Signs of calcium-channel blocker poisoning usually occur within
6hours of ingestion, even with sustained release preparations.
Recovery is usually within 6-24hours, but can be longer in
animals with significant signs.

Verapamil and diltiazem can cause bradycardia and/or
bradyarrhythmias (all degrees of heart block, QT prolongation
or junctional rhythms) and hypotension in overdose. Sinus
tachycardia may also occur (likely as a result of carotid sinus reflex
stimulation). The other calcium-channel blocker drugs cause
hypotension (because of vasodilation) and reflex tachycardia but
bradycardia may occur after ingestion of a large dose (as a result of
depression of nodal conduction).

In addition, all calcium-channel blockers may cause vomiting
and diarrhoea, hypothermia, weakness and collapse in overdose.
Hyperglycaemia (resulting from an inhibition of insulin release),
increased blood lactate levels (because of impaired cardiac output
and glucose entry into cells), hypokalaemia and metabolic acidosis
(because of tissue hypoperfusion) may also occur. Depression,
coma and convulsions may be seen because of decreased cardiac
output, hypotension and reduced cerebral perfusion (Holder,
2000). In severe cases there may also be respiratory distress and
non-cardiogenic pulmonary oedema.

Treatment

Treatment of calcium-channel blocker poisoning is aimed at gut
decontamination, providing supportive care based on clinical signs
and augmenting myocardial function (Hayes and Knight, 2012).

Induction of emesis is contraindicated in any animal with
bradycardia, hypotension or central nervous system depression
(Costello and Syring, 2008). Otherwise, and depending on
the condition of the animal, an emetic may be given if within
1-2hours of ingestion followed by activated charcoal. Further
doses of activated charcoal may be of benefit if a sustained release
preparation has been ingested or if the animal is symptomatic (as
a result of possible enterohepatic recirculation) (1-3 g/kg every
4-6hours for 2-4 doses).

Monitoring should include heart rate, rhythm and blood
pressure, and blood glucose and lactate concentrations in
symptomatic animals. Renal parameters should be checked daily
in symptomatic dogs (Peterson, 2016). Animals with calcium-
channel blocker poisoning will not have an adequate cardiac
output; therefore, it is important to monitor for fluid overload
(Peterson, 2016) by monitoring bodyweight, although in animals
with significant signs, placement of a central line to monitor central
venous pressure is recommended (Costello and Syring, 2008).

In animals with significant signs, the respiratory status
(respiratory rate, effort, auscultation and blood gas analysis)
should be monitored because of the risk of hypoxaemia as a
result of fluid overload or non-cardiogenic pulmonary oedema.
Symptomatic animals should be monitored for 12-24hours or
longer (Hayes and Knight, 2012).

Intravenous fluids should be given to support cardiovascular
function in calcium-channel blocker overdose (Hayes and Knight,
2012), but should be done with care to prevent fluid overload
(particularly in patients with pre-existing cardiac disease) and
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Table 2. Drug dosages for severe beta-blocker or calcium-channel blocker poisoning

Drug Dosage
Atropine 0.02-0.04 mg/kg IV
Calcium salts Calcium-channel blocker poisoning

* Monitor serum ionised calcium with the aim of maintaining ionised calcium approximately 1.5-2 times normal
(normal range 1.1-1.33 mmol/litre)

* Monitor the electrocardiogram and stop if bradycardia develops or worsens

Mechanism

e Even in the presence of normocalcaemia, calcium administration may increase the amount of calcium available
for normal cardiac and smooth muscle functions

e Calcium can increase blood pressure but usually does not affect heart rate. The effects may be short lived and
large doses may be necessary in severe poisoning

Note 1 mg calcium = 11.2 mg calcium gluconate = 13.2 mg calcium borogluconate

Calcium gluconate 10% = calcium 8.9 mg/ml

Calcium gluconate

50-150mg calcium gluconate/kg equivalent to 0.5-1.5ml/kg of a 10% solution IV over 20-30 minutes (equivalent
to 4.5-14mg calcium/kg or 0.11-0.34 mmol calcium/kg)

A constant rate infusion of up to 0.05-0.15ml/kg/hour can be given after the bolus and titrated to effect

Calcium borogluconate
50-150 mg calcium borogluconate/kg equivalent to 0.5-1.5ml/kg of a 10% solution IV over 20-30 minutes
(equivalent to 3.8-11.4mg calcium/kg or 0.11-0.34 mmol calcium/kg)

Insulin/dextrose
(Peterson, 2016)

e Check blood glucose

e Administer glucose if blood glucose is <100 ug/100 ml (5.6 mmol/litre)

* Regular insulin at 1 unit/kg IV bolus

e Follow with constant rate infusion of regular insulin at 2 units/kg/hour. Can increase by 1-2 units/kg/hour every
10 minutes up to a maximum of 10 units/kg/hour

e Monitor glucose every 10 minutes while titrating insulin and then hourly once stabilised. Close monitoring is essential

* Dextrose will be needed to maintain blood glucose and a concentrated solution (>5%, possibly 15-30%) will be
needed so must be given via a central line

e Monitor potassium concentration hourly. Keep in the low therapeutic range. Give potassium supplementation if
potassium <3 mmol/litre

* When toxicosis is resolved decrease insulin to 1-2 units/kg/hour. Dextrose will need to be continued for 24 hours
or more

* Monitor calcium, glucose and potassium concentrations hourly while decreasing the insulin dosage

Mechanism: unclear; thought to improve cardiac inotropy and improves perfusion by increasing cardiac output,

rather than vascular tone

Lipid emulsion

The typical dosage (regimen 1)

1.5ml/kg of a 20% lipid emulsion is given intravenously as a bolus dose. This is followed by an infusion (0.25ml/kg/
minute over 30-60 minutes). The infusion can be repeated once or twice, with additional bolus doses, if required. If
no response, lipid can be discontinued. If there is a response, the bolus and/or the infusion can be repeated when
signs recur, provided the blood is not lipaemic

An alternative dose for ingested substances (regimen 2)

2.25ml/kg initial loading dose of a 20% lipid emulsion followed by 0.025 ml/kg/minute constant rate infusion for up
to 6.5hours (Fettiplace et al, 2015)

Glucagon
(Peterson, 2016)

e Less commonly used; insulin/dextrose and lipid are more effective

* 0.05-0.2mg/kg slow IV bolus, an increase in heart rate may be seen within a few minutes

* If a positive effect occurs a constant rate infusion may be given at 0.03-0.1 mg/kg/hour

e Adverse effects include vomiting and transient hyperglycaemia

Mechanism: positive inotropic and chronotropic effect on myocardial cells via stimulation of adenyl cyclase

Adrenaline
Noradrenaline
Dobutamine
Dopamine

Beta-blocker poisoning: Not recommended for the treatment of beta-blocker-induced hypotension
Less effective than insulin/dextrose or lipid emulsion and may be harmful (Peterson, 2016)

Noradrenaline

Calcium channel blocker poisoning

Dobutamine Only to be used if blood pressure fails to response to calcium, lipid or insulin therapy (Peterson, 2016)
Dopamine e Dopamine 5-15ug/kg/min

e Dobutamine 3-15ug/kg/min

» Noradrenaline 0.05-0.3 ug/kg/min
Magnesium For sotalol-induced torsades des pointes

0.15-0.3mEqg/kg (0.075-0.15 mmol/kg) IV administered over 5-15 minutes
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Many substances can cause a wide variety of effects on the heart and
cardiovascular system.

Exposure to salbutamol by puncturing an inhaler is a common cause of
tachycardia in dogs.

Beta-blockers and calcium-channel blockers can cause hypotension and
arrhythmias in overdose, but severe cases are rare in dogs.
Methylxanthines such as theobromine in chocolate and caffeine can
cause central nervous system and myocardial stimulation.

Animals with pre-existing cardiac disease or those that have taken a
mixture of cardiotoxic drugs are more at risk.

Treatment will depend on the substance involved and the severity of
poisoning.

because of the risk of non-cardiogenic pulmonary oedema. For
persistent hypotension and/or bradycardia, calcium salts are
recommended. Calcium salts may be of benefit for dogs that
are haemodynamically unstable and is the first line treatment
in symptomatic animals (Table 2). Glucagon has been used in
humans with calcium-channel blocker poisoning unresponsive
to calcium salts and could be considered in dogs (however, large
doses may be required and may not be available). In animals
unresponsive to these therapies, insulin/dextrose therapy and/or
lipid emulsion should be considered (Table 2). High dose insulin
therapy is commonly used in humans with calcium-channel
blocker poisoning, and there is good evidence in animal models
for its efficacy in calcium-channel blocker toxicity (Kline et al,
1993, 1995). In severe cases that are unresponsive to supportive
therapy, lipid emulsion therapy should be considered. It has been
used successfully in dogs with calcium-channel blocker overdose
(e.g. Maton et al, 2013; Becker and Young, 2017) (Box 2) and
experimental studies (Tebbutt et al, 2006; Bania et al, 2007).

Other treatments include diazepam or a barbiturate for
convulsions, and oxygen is recommended for animals with
pulmonary oedema. If hyperglycaemia persists for more than a
few hours, it should be controlled with insulin; insulin also has
positive inotropic effects (it increases the strength of muscular
contractions) (Holder, 2000). Potassium should be supplemented
if it falls below 2.5 mmol/litre (Hayes and Knight, 2012). Severe
heart block may require placement of a temporary cardiac
pacemaker (Hayes and Knight, 2012); temporary transvenous
pacing was required in a dog with severe diltiazem poisoning,
resulting in persistent bradycardia, hypotension and AV block
(Syring et al, 2008).

Myocardial stimulation

Caffeine and theobromine

Caffeine and theobromine are both methylxanthines. Caffeine is
found in coffee, tea, many soft drinks, as well as in several over-
the-counter stimulant tablets, human cold medicines, analgesics
and weight loss products. Theobromine is the toxic component
in chocolate. Both compounds are metabolised to other
methylxanthines.

Mechanism of toxicity

Methylxanthines are central nervous system and muscle (including
the myocardium) stimulants; intoxication in dogs produces a
characteristic picture of central nervous system stimulation with
cardiac and respiratory hyperactivity. Methylxanthines exert their
effect by a variety of mechanisms. They competitively antagonise
cellular adenosine receptors, resulting in central nervous system
stimulation, vasoconstriction and tachycardia. They also inhibit
cellular phosphodiesterase, causing an increase in cyclic adenosine
monophosphate, increased release of catecholamines, increased
entry of calcium and inhibition of calcium sequestration by the
sarcoplasmic reticulum, causing increased muscular contractility
in both skeletal and cardiac muscle (Dolder, 2013).

Clinical signs

Onset of methylxanthine toxicosis can be within 2-4hours
(Dolder, 2013), sometimes 6-12hours (Gwaltney-Brant, 2001)
and recovery make take 12-36 hours (Dolder, 2013).

Initial clinical signs include acute cardiac stimulation and central
nervous system excitation with hyperactivity, restlessness, excitation,
agitation, abnormal behaviour and vomiting. As these rapidly
progress there may be panting, tachypnoea, tachycardia, weakness,
ataxia, diuresis, diarrhoea and muscle tremors. Pyrexia, dehydration
and hypokalaemia also commonly develop (Dolder, 2013).
Convulsions can occur but they are rare and usually only seen in
severe cases of methylxanthine toxicosis. The arrhythmias reported
in more severe cases are usually ventricular premature contractions.

Fatal cases of chocolate poisoning are not common, but death
can occur from caffeine usually after ingestion of a pharmaceutical
product as they can contain high doses (Vig et al, 1986; MacCallum
etal, 2017) (Box 2).

Treatment

Treatment of methylxanthine poisoning is aimed at gut
decontamination, providing supportive care based on clinical signs,
and management of central nervous system and muscle stimulation.

Induction of emesis after ingestion of a methylxanthine is best
avoided in hyperactive or excitable animals; activated charcoal
alone should be given. An emetic can be given if the animal is
asymptomatic followed by activated charcoal. Repeated doses of
activated charcoal (1-3 g/kg every 4 hours until seen in the stools)
may be useful in enhancing elimination as these compounds
undergo enterohepatic re-circulation.

Treatment of methylxanthine toxicosis is supportive with
intravenous fluids to maintain adequate renal perfusion, correct
electrolyte imbalances (Dolder, 2013) and promote excretion. An
antiemetic may be given if there is persistent vomiting and the
electrolytes, temperature, cardiac and respiratory function should
be monitored.

Diazepam or midazolam can be given for hyperactivity or
convulsions, and if ineffective a barbiturate or general anaesthesia
may be required. Propranolol may be given for severe tachycardia
or arrhythmias.

Ventricular arrhythmias unresponsive to a beta-blocker can be
treated with lidocaine (Dolder, 2013). Atropine can be given, with
caution, for bradycardia.
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Conclusions

Many different types of substances found in the home can
have adverse effects on cardiac and cardiovascular function. If
uncontrolled, these can lead to complications of cardiac damage
and tissue injury as a result of poor tissue perfusion. Management
depends on the substance involved and the severity of signs.

Conflict of interest
No conflict of interest.

References

Anderson AC. Management of beta-adrenergic blocker poisoning. Clin Pediatr
Emerg Med. 2008;9(1):4-16. https://doi.org/10.1016/j.cpem.2007.12.001

Bania TC, Chu J, Perez E, Su M, Hahn IH. Hemodynamic effects of intravenous
fat emulsion in an animal model of severe verapamil toxicity resuscitated with
atropine, calcium and saline. Acad Emerg Med. 2007;14(2):105-111. https://doi.
org/10.1197/j.aem.2006.10.094

Barton CA, Johnson NB, Mah ND, Beauchamp G, Hendrickson R. Successful
treatment of a massive metoprolol overdose using intravenous lipid emulsion and
hyperinsulinemia/euglycemia therapy. Pharmacotherapy. 2015;35(5):e56-e60.
https://doi.org/10.1002/phar.1579.10.1002/phar.1579

Becker MD, Young BC. Treatment of severe lipophilic intoxications with
intravenous lipid emulsion: a case series (2011-2014). VMRR. 2017;8:77-85.
https://doi.org/10.2147/VMRR.S129576

Cave G, Harvey M. Lipid emulsion may augment early blood pressure recovery in
a rabbit model of atenolol toxicity. ] Med Toxicol. 2009;5(1):50-51. https://doi.
org/10.1007/BF03160983

Cole JB, Stellpflug SJ, Ellsworth H et al. A blinded, randomized, controlled trial of
three doses of high-dose insulin in poison-induced cardiogenic shock. Clin Toxicol
(Phila). 2013;51(4):201-207. https://doi.org/10.3109/15563650.2013.770152

Cole JB, Arens AM, Laes JR et al. High dose insulin for beta-blocker and calcium
channel-blocker poisoning. Am ] Emerg Med. 2018;36(10):1817-1824. https://
doi.org/10.1016/j.ajem.2018.02.004

Costello M, Syring RS. Calcium channel blocker toxicity. ] Veter Emer Crit Care.
2008; 18(1):54-60. https://doi.org/10.1111/j.1476-4431.2007.00270.x

Crouchley J, Bates N. Salbutamol exposure in dogs [abstract]. Clin Toxicol.
2016;54(4):517. https://doi.org/10.3109/15563650.2016.1165952

Dolder LK. Methylxanthines: caffeine, theobromine and theophylline. In: Peterson
ME, Talcott PA (eds). Small animal toxicology. 3rd edn. St Louis (MO): Elsevier;
2013: 647-652

Fettiplace MR, Lis K, Ripper R et al. Multi-modal contributions to detoxification
of acute pharmacotoxicity by a triglyceride micro-emulsion. ] Control Release.
2015;198:62-70. https://doi.org/10.1016/j.jconrel.2014.11.018

Gwaltney-Brant S. Chocolate intoxication. Vet Med. 2001;96:108-111

Harvey M, Cave G, Lahner D et al. Insulin versus lipid emulsion in a rabbit model
of severe propranolol toxicity: a pilot study. Crit Care Res Pract. 2011;2011:1-7.
https://doi.org/10.1155/2011/361737

Hayes CL, Knight M. Calcium channel blocker toxicity in dogs and cats. Vet Clin
Small Anim. 2012;42(2):263-277. https://doi.org/10.1016/j.cvsm.2011.12.006

Holder T. Calcium channel blocker toxicosis. Vet Med. 2000;95(12):912-915

Karthik R, Prasad H, Seetharam AK et al. Successful use of high-dose insulin
therapy in atenolol overdose refractory to conventional management. ] Emerg
Trauma Shock. 2015;8(4):242-243. https://doi.org/10.4103/0974-2700.161662

Katzung KG, Leroy JM, Boley SP et al. A randomized controlled study comparing
high-dose insulin to vasopressors or combination therapy in a porcine model
of refractory propranolol-induced cardiogenic shock. Clin Toxicol (Phila).
2019;26:1-7. https://doi.org/10.1080/15563650.2019.1580372

Kerns W, Schroeder D, Williams C, Tomaszewski C, Raymond R. Insulin improves
survival in a canine model of acute beta-blocker toxicity. Ann Emerg Med.
1997;29(6):748-757. https://doi.org/10.1016/S0196-0644(97)70196-3

Kline JA, Tomaszewski CA, Schroeder JD, Raymond RM. Insulin is a superior
antidote for cardiovascular toxicity induced by verapamil in the anesthetised
canine. ] Pharmacol Exp Ther. 1993;267(2):744-750

Kline JA, Leonova E, Raymond RM. Beneficial myocardial metabolic effects of
insulin during verapamil toxicity in the anesthetized canine. Crit Care Med.
1995;23(7):1251-1263. https://doi.org/10.1097/00003246-199507000-00016

Libretto SE. A review of the toxicology of salbutamol (albuterol). Arch Toxicol.
1994;68(4):213-216. https://doi.org/10.1007/s002040050059

Macala KE Khadaroo RG, Panahi S, Gragasin FS, Bourque SL. Low dose Intralipid
resuscitation improves survival compared to ClinOleic in propranolol overdose in
rats. PLoS One. 2018;13(8):€0202871. https://doi.org/10.1371/journal.pone.0202871

MacCallum R, Bates N, Edwards N. Raspberry ketone ingestion in dogs. Vet Rec.
2017;180(1):23-24. https://doi.org/10.1136/vr.j37

Mackenzie SD, Blois S, Hayes G, Vince AR. Oral thermal injury associated with
puncture of a salbutamol metered-dose inhaler in a dog. ] Vet Emerg Crit Care (San
Antonio). 2012;22(4):494-497. https://doi.org/10.1111/].1476-4431.2012.00781.x

Maton BL, Simmonds EE, Lee JA, Alwood AJ. The use of high-dose insulin therapy
and intravenous lipid emulsion to treat severe, refractory diltiazem toxicosis in
a dog. ] Vet Emerg Crit Care (San Antonio). 2013;23(3):321-327. https://doi.
org/10.1111/vec.12053

Matos J, Jenni S, Fischer N, Bienz H, Glaus T. Myocardial damage and paroxysmal
ventricular tachycardia in a dog after Albuterol intoxication. Schweiz Arch
Tierheilkd. 2012;154(7):302-305. https://doi.org/10.1024/0036-7281/a000350

McCown JL, Lechner ES, Cooke KL. Suspected albuterol toxicosis in a dog.

J Am Vet Med Assoc. 2008;232(8):1168-1171. https://doi.org/10.2460/
javma.232.8.1168

Mitten RW, Lucas AN, Warburton CJ. Salbutamol (albuterol) toxicity in a dog. Aust
Vet Pract. 1999;29:10-14

Nayler WG, McInnes I. Salbutamol and orciprenaline-induced changes in
myocardial function. Cardiovas Res. 1972;6(6):725-733. https://doi.org/10.1093/
cvr/6.6.725

Peterson KL. Beta receptor antagonists (beta blockers). In: Hovda LR, Brutlag AG,
Poppenga RH, Peterson KL (eds) Blackwell’s five minute veterinary consult: small
animal toxicology. 2nd edn. John Wiley and Sons Inc; 2016:162-171

Petruska JM, Beattie ]G, Stuart BO et al. Cardiovascular effects after inhalation
of large doses of albuterol dry powder in rats, monkeys, and dogs: a species
comparison. Fundam Appl Toxicol. 1997;40(1):52-62. https://doi.org/10.1006/
faat.1997.2370

Romito G, Cété E, Domenech O. ECG of the month. Sinus tachycardia due to
albuterol-induced hypokalemia. ] Am Vet Med Assoc. 2013;243(8):1108-1110.
https://doi.org/10.2460/javma.243.8.1108

Rotella JA, Greene SL, Koutsogiannis Z et al. Treatment for beta-blocker poisoning:
a systematic review. Clin Toxicol (Phila). 2020;1-41. https://doi.org/10.1080/155
63650.2020.1752918

Seegobin K, Maharaj S, Deosaran A, Reddy P. Severe beta blocker and calcium
channel blocker overdose: Role of high dose insulin. Am ] Emerg Med.
2018;36(4):736.e5-736.¢6. https://doi.org/10.1016/j.ajem.2018.01.038

Stiles J, Plumb D. Toxicity associated with beta-agonist aerosol exposure in three
dogs. ] Am Anim Hosp Assoc. 1993;29:235-238

Syring RS, Costello ME, Poppenga RH Temporary transvenous cardiac pacing in a
dog with diltiazem intoxication. ] Veter Emer Crit. 2008;18(1):75-80. https://doi.
org/10.1111/j.1476-4431.2007.00269.x

Tebbutt S, Harvey M, Nicholson T, Cave G. Intralipid prolongs survival in a rat
model of verapamil toxicity. Acad Emerg Med. 2006;13(2):134-139. https://doi.
org/10.1197/j.aem.2005.08.016

Vig MM, Dalvi RR, Kufuor-Menash E. Acute caffeine poisoning in a dog. Compend
Contin Educ Pract Vet. 1986;(2):82-83

Vite CH, Gfeller RW. Suspected albuterol intoxication in a dog. ] Veter Emer Crit.
1994;4(1):7-13. https://doi.org/10.1111/j.1476-4431.1994.tb00109.x

Walter E, McKinlay ], Corbett ], Kirk-Bayley J. Review of management in
cardiotoxic overdose and efficacy of delayed intralipid use. ] Intensive Care Soc.
2018;19(1):50-55. https://doi.org/10.1177/1751143717705802

Whyte KE Addis GJ, Whitesmith R, Reid JL. The mechanism of salbutamol-
induced hypokalaemia. Br J Clin Pharmacol. 1987;23(1):65-71. https://doi.
org/10.1111/j.1365-2125.1987.tb03010.x

Keep up to date!

Subscribe to Companion Animal
the practical monthly journal for
the small animal vet

e : ]
e ariiie)

Review and advance
orthopaedic surgel

introduction

l\{lyxomgtous mitral valve
disease in dogs part 2:
management

Hyperthyroidism in cats:
What's new?
At new

Intertrigo in the dqg:
aetiology, clinical signs and
therapy -
=

www.magsubscriptions.com/companion

Companion animal | August-September 2020, Volume 25 No 8

223



