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WHAT IS HEAT STROKE? 

Heatstroke is a state of extreme hyperthermia (41-
43ºC/106-109ºF) due to environmental heat
exposure without adequate thermoregulation,
resulting in thermal damage to tissues and organs.
This is distinct from pyrexia, which is a high body
temperature due to a physiological resetting of the
temperature set point of the body.

CAUSES AND RISK FACTORS 

Body temperature is under the control of the
thermoregulatory centre located in the anterior
hypothalamus. Under normal temperature ranges,
elevated core body temperature is limited by
physiological responses (panting, drooling of saliva
and vasodilation, which cool the body by radiation
and evaporation) and by behavioural processes -
seeking shade and ventilation or immersion in water.
When ambient temperatures are too excessive for
physiological processes to limit body temperature,
and when behavioural responses are blocked or
inhibited, heatstroke will result. 

Heatstroke is uncommon in cats, which seem better
able to control body temperature, and are less
exposed to the risk factors which make dogs so
susceptible. Classically, heatstroke occurs in dogs that
are overweight, especially dark-coloured, individuals
when they exert themselves, and in dogs left in cars

on warm days. In both these situations the ambient
temperature need not be very high. Brachycephalic
breeds, older individuals, dogs with heavy coats or
those with cardiorespiratory disease (such as
congestive heart failure, laryngeal paralysis or
tracheal collapse) are also at increased risk. Muzzling
will reduce a dog's ability to regulate its temperature. 

Conditions such as hyperadrenocorticism, hyper- or
hypothyroidism and phaeochromocytoma may also
predispose animals to heatstroke. Restricted access to
water with resultant dehydration, is another risk
factor. Owners are frequently surprised that their pet
is affected by heatstroke when the temperature
would just be considered pleasantly warm.

PATHOPHYSIOLOGY 

Physiology

The initial response to heat stress is a sympathetic
response which results in peripheral vasodilation and
decreased vascular resistance. This allows transfer of
heat from the core to the skin and periphery with
resultant heat by radiation. In animals that sweat,
sweat production increases and evaporation from the
skin surface removes heat from the cutaneous blood
vessels thus cooling the blood down. In dogs and
cats, which do not sweat, panting increases airflow
across oral mucous membranes resulting in increased
evaporation and associated heat loss through latent
heat of evaporation. This is sufficient to regulate
body temperature under normal conditions, but if
ambient/body temperature continues to rise,
sympathetic stimulation continues causing massive
peripheral vasodilation and splanchnic blood pooling
- and hypotension results. This leads to decreased
venous return and hence cardiac ouput. This will be
compounded by evaporative water losses and hence
dehydration and hypovolaemia. The hypovolaemia
further reduces cardiac output. As cardiac output falls
and circulating blood volume decreases, the normal
heat loss mechanisms of radiation, convection and
evaporation fail. This is heatstroke. 

Pathological changes

Extreme rises in body temperature lead to many
pathological changes:
� initial tachypnoea causes respiratory alkalosis, but
metabolic changes lead to acidosis and
hypotension
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Fig. 1: Elderly, brachycephalic, thick-coated or dark dogs are more at risk
of heatstroke. 



� body temperature above 41.6ºC (107ºF) for any
significant length of time will cause tissue
damage through denaturation of cellular protein
and tissue degeneration

� body temperatures above 43.5ºC (110ºF) will
prove fatal within minutes; enzymes become
denatured and cell membrane functions are
disrupted, leading to catastrophic changes

� renal tubular epithelium damage occurs through
direct thermal injury; decreased renal blood flow
and thrombosis due to disseminated intravascular
coagulation (DIC) also contribute to renal failure

� gastrointestinal (GI) epithelial damage results
from thermal injury and reduced blood flow; GI
bleeding, diarrhoea, haematemesis, endotoxaemia and
sepsis are sequels to the loss of intestinal wall integrity

� cerebral oedema and infarctions are caused by
thermal damage and thrombosis due to DIC;
body temperatures above 43ºC (109ºF) for any
significant period cause neuronal death leading
to coma and permanent brain damage; reduced
cerebral perfusion may also cause neurological signs

� hepatocellular damage and necrosis result from
hyperthermia

� myocardial damage and necrosis result from
hyperthermia

� coagulation abnormalities result from thermal
denaturing of clotting factors, liver failure and DIC. 

HISTORY AND CLINICAL SIGNS

There will normally be a clear history leading to a
strong suspicion of heatstroke in an affected patient.
Clinicians should be prepared to see cases during
warm spells of weather, and be vigilant for the early
signs, particularly in patients with risk factors for
heatstroke. Be aware of possible differentials for the
condition, such as cerebrovascular accidents, cerebral
trauma, toxins, malignant hyperthermia, sepsis and acute
haemorrhagic gastrointestinal disease (e.g. parvovirus).

Signs of collapse and cyanosis can be misleading and
direct the clinician to a diagnosis of respiratory
distress or failure. In order to avoid being lead astray,
a systematic approach to the clinical examination
should be followed which includes rectal
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temperature. The clinical examination should be
done rapidly but comprehensively. Often the
mucous membranes feel hot and dry or tacky, the
pulse will be rapid and may be weak, respiratory rate
will be high, with open-mouth breathing or panting. 

However, there are many clinical signs associated
with heatstroke, as it causes such widespread
metabolic and physical changes. It is important to
note that body temperature may fall below normal as
shock and organ failure progress. The earlier signs of
heatstroke include:
� tachypnoea
� tachycardia
� vomiting
� diarrhoea
� dehydration
� depression
� elevated body temperature
� congested mucus membranes.

These can progress quickly to give an array of
further signs:
� respiratory distress
� cyanosis
� petechial haemorrhages
� collapse
� neurological signs

� seizures
� ataxia
� stupor
� coma

� oliguria
� haemorrhagic diarrhoea and haematemesis
� mucus membranes become pale and CRT
prolonged

� body temperature may fall below normal as shock
and organ failure progress 

� cardiovascular abnormalities: dysrhythmias due to
direct heat effects or due to the array of
metabolic changes.

LABORATORY FINDINGS 

Heatstroke is a genuine emergency and should be
recognised or suspected on clinical signs and history.
Blood should be collected for analysis as treatment is
commenced, and is of value in assessing the severity
of the condition and in assessing prognosis rather
than in aiding diagnosis. 

Haematology

� haemoconcentration (elevated RBC count and
PCV) 

� elevated WBC count due to inflammation and
sepsis (e.g. from bacterial toxins crossing the
intestinal wall) 

� thrombocytopaenia due to increased usage in
damaged organs and DIC, as well as direct
thermal damage

� there are likely to be coagulation abnormalities

secondary to DIC, liver failure and direct
thermal insult to coagulation factors. Fig. 2: Heatstroke occurs when body temperature rises above 41°C.



Chemistry

Findings will reflect cell and organ damage: 
� initial prerenal azotaemia due to hypovolaemia/
hypoperfusion 

� renal azotaemia as direct thermal injury to
kidney tissues ensues 

� hepatocyte damage leads to elevations in ALT

� sodium and chloride levels may be elevated 
� mild hyperkalaemia

� hypoglycaemia is a frequent finding, and may be
resistant to treatment. 

INITIAL THERAPY AND ASSESSMENT 

Time is of the essence in trying to halt the ongoing
thermal injury. Delay in admission for more than 90
minutes from onset is a significant risk factor for
death. Treatment of patients will depend on the
severity of the heatstroke and the physical state and
health of the affected animal. When a suspected case
of heatstroke is reported to the clinic or emergency
service, advice should be given to the owners on
initial reduction of body temperature while
transporting the patient for treatment. See below for
advice on temperature reduction. For the reasons
given below, and because of the dangers of
misdiagnosis over the telephone, advice given to
clients prior to admission and actions to reduce body
temperature should not be too drastic. 

Predisposing factors

Assess and if possible attend to any predisposing
factors. For example: 
� remove from heat source 
� if seizures have been a cause, control these 
� if compromised airway is a factor be prepared to
enable respiration (entubate, tracheotomy,
oxygen delivery) 

� if cardiovascular disease is the predisposing factor
be prepared to control tachydysrhythmias, and
modify therapy so as not to further compromise
cardiac function. 

Assess (A, B, C, N)

Airway

Ensure there is no airway obstruction which may be
reducing the capacity to lose heat and so
contributing to the heat stroke.

Breathing

Although not imperative, oxygen supplementation
may have the advantage of increasing gas flow across
the oral mucus membranes. It will also reduce the
respiratory effort required for tissue oxygenation,
helping to reduce further heat generation by the
respiratory muscles. Oxygen cages, tents and hoods
may hinder attempts to reduce body temperature
and increase patient distress so consider masks or
nasal oxygen catheters.

Circulation

� gain IV access at one or two sites with large bore
catheters 

� draw blood for laboratory analysis 
� initiate fluid therapy with isotonic crystalloid
solution at shock rates; boluses of 10 ml/kg (cats)
or 50 ml/kg (dogs) can be used 

� do not use iced fluids as these can precipitate
cardiac arrhythmias

� consider boluses of synthetic colloids at 5-10
ml/kg to effect 

� monitor blood pressure. 

Neurological

� poor mentation or coma are significant negative
prognostic indicators

� treat seizures with diazepam boluses (0.5 mg/kg IV) 
� measure serum glucose levels serially; treat
hypoglycaemia with IV bolus (0.1 gm/kg) and
maintain with dextrose in the fluids 

� cerebral oedema and raised intracranial pressure
may be treated with mannitol (0.5 gm/kg) or
hypertonic saline (3-5 ml/kg 7% solution).

Correct body temperature

Heatstroke victims experience potentially
catastrophic changes to multiple organs, and
consequently their ability to cope with too drastic a
body temperature fall will be impaired. They may
not recover from a hypothermic state. Over-
aggressive measures such as ice baths, iced gastric or
peritoneal lavage and iced enemas may well have
adverse effects and cause further problems for the
patient. Care should be taken to avoid shivering
(which increases core temperature and dramatically
increases oxygen consumption) or peripheral
vasoconstriction, which may maintain or even
increase core body temperature. Aim to reduce
temperature to about 39.4ºC (103ºF) initially so as
to avoid causing hypothermia. Be prepared to use
heatpads, blankets, incubators or other warming
devices to keep the patient in a normal temperature
range once cooling has been achieved. Continue to
monitor temperature every ten minutes to be aware
of hypothermia or a rise in temperature. TheSM
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Fig. 3: Ice packs may be placed in the axilla, groin, neck or head regions to help
lower body temperature.

Continued on page 44



thermoregulatory mechanisms of the animal will be
disrupted by the initial hyperthermia and so the
temperature of the animal will need supportive
measures in a similar manner to the circulation or
respiratory system. 

Soaking fur with tepid water and fanning, or
allowing good airflow, is best for achieving
controlled temperature reduction. Avoid laying cold

wet towels on the animal. The water warms rapidly
and then acts as an insulating layer over the animal.
The heated water must be removed in order to
remove heat from the animal.
� cool packs or ice packs may be applied to the
hairless areas (axilla, inguinal region) and to the
head and neck; particularly effective where there
are large blood vessels near the skin, e.g. jugular
vein, femoral vein

� intravenous fluids should be room temperature
or slightly cooled 

� avoid chilled or cool-water enemas - these will
induce further vasoconstriction of the intestinal
vasculature which may worsen gastrointestinal
ischaemia and so bacterial translocation.

INTENSIVE CARE AND MONITORING 

Early recognition and management or control of the
excessive hyperthermia associated with heatstroke is
vital in affording the patient the best chance of
survival and recovery. The very high body
temperatures will cause increasing damage to organs
and to chemicals, especially proteins and enzymes,
vital for body function. A combination of degree of
temperature elevation and duration of exposure to
that elevated temperature will cause this damage. Studies
have found mortality rates of 25-50% for heatstroke
cases, although mild cases and those detected early
should carry a good prognosis. In view of this, it
would be sensible to discuss the prognosis with the
owner before embarking on expensive and intensive
therapy and monitoring (see below).

The aims of intensive care are early identification of
system failure and support or correction where
possible. In particular, monitor the following: 

Respiration

� monitor respiratory rate and character, perfusion,
pulse oximetry, blood gases, chest radiographs

� provide oxygen.

Cardiovascular system

� monitor heart rate, ECG, mucous-membrane
colour, CRT, blood pressure (preferably CVP),
electrolytes

� use boluses of crystalloid or colloids to try to
restore normal blood pressure; where response is
poor myocardial damage may be the cause and so
an infusion of a positive inotrope (dobutamine or
dopamine) may be needed

� plasma transfusions may be needed if albumin levels
are low (through renal or gastrointestinal damage)SM
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� treat ventricular tachyarrhythmias with lidocaine
boluses.

Coagulation 

� monitor for petechiae, ecchymosis or bleeding
(oral, nasal, intestinal, urinary)

� monitor clotting profile
� if DIC is suspected plasma may be required
� whole blood may be needed if PCV falls
� heparin (70-100 IU/kg sc q 6-8h) may be used to
treat DIC if there is no evidence of haemorrhage
and the platelet count is above 50,000.

Neurological signs

� monitor for seizures, mental dullness, cranial
nerve reflexes (including pupillary light reflexes),
ataxia and weakness

� regularly assess serum glucose and sodium levels.

Renal function

� place a urinary catheter and closed collection
system

� monitor urine output and perform urinalysis
� assess serum urea, creatinine, phosphorus and
electrolytes

� if possible monitor acid base balance.

Hyperkalaemia may be corrected as fluid therapy
takes effect. If cardiac arrhythmias result from the
hyperkalaemia, provide protective therapy: administer
NaHCO3 (0.5-1 mEq/kg slowly IV) or calcium
gluconate (10% solution, 0.5-1 ml/kg IV slowly over
10-20 minutes will rapidly correct arrhythmias,
though effects may be short lived). Serum potassium
concentration may be reduced by insulin (0.5 IU/kg)
and glucose (0.5-1 g/kg, half as an IV bolus and the
remainder over 2 hours as an infusion). 

If acute renal failure develops, then treat with mannitol
0.5 g/kg IV bolus up to three times daily, or frusemide
1-4 mg/kg boluses or constant rate infusion. 

Liver status

� monitor liver enzymes, bilirubin, glucose,
coagulation

� vitamin K and hepatic nutritional supplements
such as SAMe may be used.

Gastrointestinal tract

� monitor for vomiting or diarrhoea, particularly
with blood

� gut protectants such as cimetidine (5-10 mg/kg
slow IV, IM or PO q 8h), ranitidine (2 mg/kg
slow IV, SC or PO q 8-12h) or famotidine (0.5-
1 mg/kg PO q 12-24h) may be used; sucralfate
may be used concurrently.
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If gut wall integrity is compromised, the use of
broad-spectrum antibiotics with activity against gut
bacteria is warranted. 

PROGNOSIS

Poor prognostic signs are: 
� arrhythmias 
� DIC 
� renal failure (elevated creatinine) 
� hypoglycaemia 
� hypotension unresponsive to fluids 
� elevated PT and APTT times 
� bilirubin elevation 
� seizure 
� coma. 

Patients which survive through the first 24 hours
without developing these signs should have an
excellent chance of full recovery. 

CONTINUING CARE 

The level of continuing care will depend on the
organ damage sustained:
� continue fluid therapy until the patient is stable
� if the patient is not feeding, then place a
nasogastric tube to allow delivery of nutritional
support, both to provide calories and protein,
and to aid in gut wall repair

� if there has been intestinal or hepatic damage,
continue broad-spectrum antibiotics

� gut protectants should be continued until the
patient’s gastrointestinal system has recovered

� continue to monitor serum chemistries,
electrolytes and haematology until they are
within normal parameters.

SUMMARY

Heatstroke is one of the genuine emergencies seen
in practice. The recognition, assessment and initial
treatment of the condition is vitally important to
improve survival rates. 
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C O N T I N U I N G  P RO F E S S I O N A L
D E V E L O P M E N T  S P O N S O R E D  
B Y  B AY E R  A N I M A L  H E A LT H

1. Heatstroke involves elevation of body temperature

above:

a. 37°C
b. 39°C
c. 41°C
d. 43°C

2. Heatstroke occurs primarily because:

a. there is a failure of physiological temperature
regulation

b. there is elevation of ambient temperature
c. there is a pathological physiological generation of heat
d. there is an overexuberant response to infection

3. Above what body temperature will death occur

within minutes:
a. 41°C
b. 43°C
c. 45°C
d. 47°C

4. Poor prognostic signs include (select as many as apply):

a. hypertension
b. hyperglycaemia
c. prolonged clotting times
d. seizures
e. hyperglycaemia

5. According to studies, what percentage of dogs

affected by heatstroke fail to survive:

a. 10-20%
b. 15-30%
c. 15-40%
d. 25-50%
e. over 50%
f. under 10%

6. Which of the following are not recommended to

reduce body temperature in a case of heatsroke:

a. towels soaked with chilled water
b. ice packs applied to the groin and axilla
c. ice packs applied to the head and neck
d. ice water enemas
e. gavage with iced water

7. Cease cooling procedures to prevent hypothermia

when body temperature reaches:

a. 40°C
b. 39.5°C
c. 39°C
d. 38.5°C
e. 38°C
f. 37.5°C
g. 37°C

8. Increased risk factors for death include:

a. elevated creatinine at 24 hours post admission
b. elevated ALT/ALP at 24 hours post admission
c. seizures
d. delayed admission to hospital
e. tachypnoea
f. tachycardia

These multiple choice questions are based on the above
text. Answers appear on page 63. 

  




