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Hypothermia in companion 
animals
 

• Cat
• Dog
• Hypothermia
• Rewarming
• Stabilization

>  Thermoregulatory system
Cats and dogs are homeothermic animals since their normal body temperature remains 
stable regardless of ambient temperature. However, this applies only within a certain 
range of environmental temperatures, beyond which mechanisms of heat production 
or loss are activated accordingly in order to preserve a steady core temperature.1

Body temperature is classified as core temperature, which is the temperature of internal 
organs with extensive blood supply (the brain, thoracic and abdominal cavity organs), 
and as peripheral temperature which is measured near the body surface.2,3 The latter 
may vary according to physical activity, ambient temperature and the presence of a 
heat source in the same location.2 This can lead to a considerable difference between 
peripheral temperature and that of internal organs.2,3 Hence, it is important to measure 
core temperature accurately.2

Τhe main thermoregulatory centre of the body is the hypothalamus. Specifically, the 
anterior segment of the hypothalamus houses central thermoreceptors. The tempera-
ture of blood circulating through the hypothalamus is an immediate trigger for these 
receptors. Stimuli from peripheral thermoreceptors in the integument and deeper body 
tissues, such as the spinal cord, abdominal organs and large blood vessels of the thorac-
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> Abstract
Companion animals maintain their body temperature through thermoregulatory 
mechanisms located in the hypothalamus that stimulate the production or reduction 
of heat accordingly in the event of a sudden fall or increase in environmental tempera-
ture. Hypothermia occurs when the body temperature falls below 37.5οC. Young, aged, 
malnourished and small animals are more susceptible. Hypothermia can be caused by 
exposure to low ambient temperatures or through the disruption of thermoregulatory 
mechanisms due to various factors including surgical procedures, trauma, systemic dis-
orders, drug administration etc. A drop in temperature results in a lower basal metabolic 
rate and abnormal function of the cardiovascular, respiratory, urinary and central ner-
vous systems, as well as acid-base balance and haemostasis. Bradycardia, hypotension, 
bradypnoea, pulmonary hypoventilation and deterioration of consciousness, shivering, 
hypovolaemia, electrolyte disorders, hyperglycaemia, as well as respiratory and meta-
bolic acidosis are exhibited. Treatment includes rewarming therapy and stabilization via 
oxygen and fluid administration. The rewarming techniques may be external or internal. 
External passive techniques include wrapping the animal in blankets and heating its 
environment. Active external rewarming entails placing a heat source around the an-
imal’s body, such as warm iv solution bags and heating pads, whereas active internal 
rewarming involves intravenous therapy of warm fluids and more invasive techniques 
such as abdominal or pleural lavage with warmed solutions. 
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ic and abdominal cavity, reach the hypothalamus 
through the spinal cord.1-4 Posterior hypothalamus 
stimulation activates mechanisms of heat produc-
tion or reduction.1,3

Normally, the production of heat in the body stems 
from the basal metabolic rate, especially in the most 
metabolically active organs such as the heart, brain 
and liver, and from voluntary physical activity (exer-
cise).1,3 When the body is exposed to cold, the basal 
metabolic rate increases and vasoconstriction of 
skin arterioles and piloerection are incited to help 
preserve heat.1-6 At the same time, adrenaline, no-
radrenaline, thyroid hormones and glucocorticoids 
are excreted due to their heat-producing effect.1,5 
The normal physical response to cold is activated by 
a drop in core temperature of a mere 0.25 οC.3,7 It is 
worthy of note that in the paw pads of carnivores, 
arterioles become dilated in close anatomic prox-
imity to venules, resulting in the warming of blood 
through the periphery of the limbs before return-
ing to the body core.8 At the same time, physiologi-
cal responses of the animal to cold conditions are 
stimulated, such as curling up in order to reduce 
body surface exposure to cold and huddling, in 
the case of those living in groups.1,2,5,6 When ambi-
ent temperature is low enough, heat is produced 
mostly through muscle tremors (shivering), which 
are involuntary, rhythmical and high frequency con-
tractions of skeletal muscles.1-6,9

Conversely, when ambient temperatures are el-
evated, metabolic rate and muscle tone are initially 
reduced, peripheral vasodilation occurs and excre-
tion of the aforementioned thermogenic hormones 
diminishes, thereby decreasing heat production.1 
Loss of body heat generally occurs with the evapo-
ration of  Η

2
Ο, mostly from the respiratory tract, in-

tensifying with open mouth tachypnoea (panting) 
in animal species that cannot produce sweat.1,2,5 

With tachypnoea, respiratory dead space ventila-
tion increases to facilitate evaporation of water 
from airway mucosae which results in heat emis-
sion and  consequent drop in body temperature. 
This increase in respiratory frequency usually coin-
cides with intense salivation, leading to additional 
heat loss. Furthermore, the extension and relaxation 
of the tongue further intensifies the evaporation of 
water due to the wider available surface.1 Heat is 
secondarily emitted through radiation from the skin 
towards cold surfaces without physical contact as 
well as via contact of the skin with colder objects 
(conduction) through the layers of air surrounding 
the body (convection), faeces, urine etc.1-5

> Hypothermia
Hypothermia is the reduction of core temperature 
below the normal range for each animal species, 
(<37.5 οC: dog, <37.8 οC: cat) due to an inefficiency of 
the body to preserve its thermal homeostasis.2,6,7,10,11

-   Epidemiology/Frequency of 
occurrence 

The age and body size of the animal play a ma-
jor role in the development of hypothermia. The 
young, aged, malnourished or small animals are 
most vulnerable, with cats being the most easily af-
fected. Very young animals or those with poor body 
condition have a low basal metabolic rate, an only 
partly developed mechanism of shivering and, as 
in small animals, a large surface to body weight ra-
tio.3,4,6,7,10,12-15 Aged pets have a low basal metabolic 
rate and reduced muscle tone.15 Moreover, given 
that the first energy molecules expended are glu-
cose molecules, the very young as well as weak-
ened or aged animals are more vulnerable to hypo-
thermia since they have low reserves of glycogen 
and reduced glyconeogenic potential.16

-   Aetiology

Depending on the causing factor, hypothermia 
is classified as primary or accidental and second-
ary.2,5,17 Primary hypothermia is caused by extended 
exposure to low environmental temperatures, such 
as during cold conditions, raining or cold water im-
mersion, in which cases heat loss intensifies regard-
less of the fact that the thermoregulatory mecha-
nisms are functioning normally.2,5,6,10,17,18 Secondary 
hypothermia is caused by any condition that re-
duces heat production or increases heat loss by dis-
rupting the thermoregulatory system even in warm 
ambient conditions.2,5,17 In this case, it can be the 
result of trauma, burns, surgical procedures, drugs, 
mainly anaesthetics, and numerous conditions such 
as hypothyroidism, hypoadrenocorticism (Addison’s 
disease), suboptimal function of the hypothalamus, 
uraemia, circulatory shock, CNS disorders, various 
cardiomyopathies and nephropathies, malnutrition, 
hypoglycaemia and toxicoses.2,5,6,10,17,18

Among the most common causes of hypothermia 
in daily clinical practice are trauma, administration 
of anaesthesia, and various surgical procedures of 
which 60-90% display hypothermia.7,19,20 In one ret-
rospective study of 275 cats, hypothermia devel-
oped as a perianaesthetic complication in 96.7% 
of cases.21 The development of hypothermia is at-
tributed to several factors including the low tem-
perature and relative humidity in the operating 
theatre, administration of cool intravenous fluids, 
inhalation of cool and dry anaesthetic gases during 
inhalational anaesthesia, as well as the preparation 
of the surgical site with antiseptic alcohol-based 
solutions which promote heat loss through evapo-
ration.3,13,14,22-25 The type of anaesthetic medication, 
as well as the anaesthetic system, also play a ma-
jor role. Several of the medications administered as 
pre-anaesthetic or general anaesthesia induction 
agents, such as phenothiazines, morphine, propofol, 
thiopentone and inhalants, cause peripheral vaso-
dilation leading to increased heat loss, suppressed 
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hypothalamic function and muscle tremors, and re-
duced muscle tone.9,12,14,17,22,24,25 In addition, control 
of heat loss from the body through vasoconstriction 
and other mechanisms is activated in anaesthetized 
animals after a temperature reduction of 2.5-3οC 
which, under normal circumstances, is observed in 
temperature drops of 0.25 οC.7,20 This indicates that 
lower temperatures are required to elicit a response 
from the hypothalamic thermoregulatory centre in 
animals under anaesthesia.13,25 In non-rebreathing 
circuits (e.g. paediatric Jackson-Rees modification 
of the Ayre’s T-piece), the inhaled gases are warmed 
during the passage through the animal’s airways 
and at exhalation they are removed from the res-
piratory circuit to the environment, thus losing sig-
nificant amounts of heat, whereas cooler gases are 
freshly inhaled.15 Another contributory parameter in 
the development of hypothermia concerns the type 
of surgical procedure. In cases of abdominal organ 
exposure to the environment during thoracotomy 
or laparotomy, the core temperature is significantly 
reduced due to convection resulting from the large 
contact surface with atmospheric air and because 
of water evaporation from the mucosae, conditions 
that can account for up to 50% of the total amount 
of heat lost during surgery.3,7,10,13,14,21-26 Orthopaedic 
surgeries also require extensive preparation of the 
surgical site, thereby increasing heat loss.21 Finally, 
the duration of anaesthesia is an equally important 
factor given that in prolonged surgical procedures, 

the effect of the above factors is extended as is the 
physical toll.4,10,13,15,21,26

 -   Physical examination and 
laboratory findings

 Hypothermia has been sub-classified into three 
basic degrees of severity: mild hypothermia (37°C 
to 32°C) during which thermoregulatory responses 
continue to function normally; moderate hypother-
mia (32°C to 28°C) with gradual loss of thermoregu-
latory response, especially that of shivering; and 
severe hypothermia (<28°C) with full suppression 
of thermoregulation homeostasis and muscle rigid-
ity (Table 1).2,5,6,13 Death occurs at temperatures of 
about 20°C.11

Clinical signs stem from most body systems. More 
specifically, regarding the cardiovascular system, 
tachycardia and peripheral vasoconstriction are 
initially observed with possible preservation or in-
crease in arterial blood pressure due to the excre-
tion of catecholamines (adrenalin/noradrenalin), 
as previously mentioned, in order to prevent heat 
loss.2,5,13,14 When hypothermia is prolonged, the α

1
 

adrenergic receptors cease to respond to catecho-
lamines and peripheral vasoconstriction and hypo-
tension ensue (Figures 1 and 2).2,5,18,19,25 Τachycardia 
is followed by severe bradycardia, non-responsive 
to atropine.2,5,6,9,11,18 Arrhythmias, both atrial and ven-

Table 1. Classification of hypothermia according to severity based on temperature and clinical signs2,5,6,13  

Temperature Range Severity of hypothermia  Clinical signs

37°C - 32°C Mild Preservation of thermoregulatory mechanisms (shivering)

32°C – 28°C Moderate Gradual loss of shivering

<  28°C Severe
Complete absence of shivering

(muscular rigidity)

Figure 1. Normal body temperature: vasoconstriction following the binding of catecholamines to the alpha-1 
adrenergic receptors of the endothelial wall.25
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tricular, are common.2,5,9,13,18,25 The initial arrhythmia 
is atrial fibrillation, which can devolve into ventricu-
lar tachycardia and fibrillation.2 In fact, in a study dur-
ing which hypothermia was experimentally caused 
in dogs, ventricular fibrillation was noted in 50% of 
cases with body temperatures below 23.5οC.18,25 Fi-
nal stages include asystole and cardiac arrest.2,5,9,18

In the respiratory system, as hypothermia pro-
gresses, the reduction in metabolic rate and con-
sequent decrease in produced CO

2
 contributes to 

lower numbers of breaths per minute as well as tidal 
volumes. At the same time, blunting of the airway 
protective reflexes (sneezing, coughing) generates 
an increased risk of aspiration.2,11 Severe hypother-
mia can possibly cause non-cardiogenic pulmonary 
oedema, while severe bradypnoea and pulmonary 
hypoventilation are commonly observed, ultimately 
leading to apnoea.2,5,11

As concerns the central nervous system, tempera-
ture reductions produce an altered level of con-
sciousness, which can vary from depression to 
lethargy, as a result of reduced cerebral perfusion. 
At the same time, hyporeflexia is noted. Shivering is 
activated during mild hypothermia but ceases with 
persistent heat loss. During severe hypothermia, 
there is usually an absence of reflexes accompanied 
by mydriasis and finally coma, due to cerebral is-
chaemia and hypoxia.2,5,6,10,13  

The most significant finding in the urinary system 
is diuresis, regardless of the degree of dehydration 
(cold diuresis), which causes significant hypovol-
aemia and hypotension.2,5,6,14 The initial peripheral 
vasoconstriction during the onset of hypothermia 
results in a relative increase in circulating blood vol-
ume followed by diuresis in order to reduce the for-
mer.2,13  As body temperatures continue to fall, the 
response of the distal renal tubules to the effect of 
the anti-diuretic hormone is reduced and water re-
absorption by the kidneys is limited, thus prolong-
ing the loss of water and electrolytes such as phos-

phorus, potassium and magnesium.2,14,17 The re-
absorption of glucose is also restricted which leads 
to glycosuria.6,14 Furthermore, hyperglycaemia is in-
duced due to tissue resistance to insulin or reduced 
production of insulin from the pancreas, secondary 
to pancreatitis following reduced pancreatic perfu-
sion. Hyperglycaemia is also caused by the secre-
tion of catecholamines and glucocorticoids.2,5,6,17,18

In addition, hypothermia causes severe but revers-
ible disruptions in coagulation, affecting both pri-
mary and secondary haemostasis.2,23 Other than 
thrombocytopenia, caused by the arrest of platelets 
in the liver and spleen or the suppression of the 
production and release of platelets by the bone 
marrow due to the cold, there is also a disruption 
in platelet function resulting in the delay of initial 
clot formation.2,6,13,14 However, increased coagula-
tion and disseminated intravascular coagulation 
may occur rather than haemorrhagic diathesis.2,5,6 
This could arise due to several factors such as car-
diovascular suppression, disruption of blood mi-
crocirculation, release of thromboplastin from cool 
tissues, or haemoconcentration owing to hypovol-
aemia from «cold diuresis».2,5,13,17 Moreover, given 
that the enzymes of the coagulation cascade are 
heat-dependent, prothrombin time (PT) and par-
tial thromboplastin time (PTT) could increase.2,5,11 It 
should be stressed, however, that the various con-
ventional coagulation tests are usually performed at 
37oC, giving laboratory results that do not coincide 
with physical examination findings in hypothermic 
patients.2,5,6,23,25

Regarding the effect of hypothermia on acid-base 
balance, hypothermia causes metabolic as well as 
respiratory acidosis.2,5,10 Metabolic acidosis is ob-
served due to the reduced secretion of hydrogen 
ions (H+) by the kidneys and the increased produc-
tion of lactic acid caused by muscle tremors dur-
ing the initial stages of hypothermia. On the other 
hand, respiratory acidosis can be attributable to the 
reduced removal of produced carbon dioxide by 

Figure 2. Hypothermia: the inability to cause vasoconstriction due to the absence of catecholamine binding to 
the alpha-1 adrenergic receptors of the endothelial wall.25
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the lungs due to bradypnoea and inefficient alveo-
lar ventilation, notwithstanding the decreased pro-
duction of carbon dioxide resulting from the lower 
metabolic rate in hypothermic conditions, as previ-
ously mentioned.2,11  Additionally, the solubility of 
CO

2
 is higher in colder blood, leading to elevations 

in its concentration.2

During surgical procedures, the drop in core tem-
perature can cause considerable complications to 
anaesthetized animals, owing to the lower basal 
metabolic rate, which in fact reduces 10% for every 
1οC of reduced temperature.11 Beyond the afore-
mentioned effect on various organ systems, de-
creased metabolism and clearance of anaesthetic 
drugs by the liver is also noted due to its reduced 
perfusion. This results in increased anaesthetic po-
tency or depth, prolonged duration of anaesthesia 
etc.2,3,7,11,13,21,22,25 Τhe most common drugs that can 
incur a delay in metabolic processing and detoxi-
fication, thereby increasing the risk of overdose, 
include propofol, midazolam, morphine, aceproma-
zine, fentanyl, phenobarbital, and inhalational an-
aesthetics.2,22,25 Additionally, the solubility of inha-
latory anaesthetics in the blood increases with the 
drop in temperature, delaying their release from the 
body.22 The minimal alveolar concentration (MAC) 
of inhalatory anaesthetics (e.g. isoflurane for rats) is 
reduced by 5% for every 1°C of core temperature re-
duction.27,28 The final result is prolonged recovery, as 
well as delayed healing or infection of the surgical 
site since hypothermia can also suppress the normal 
function of the immune system.2,3,11,13,19,21,22,24,25,29,30 

Furthermore, during the recovery stage, the return 
of the thermoregulatory responses, especially shiv-
ering, increases the metabolic heat production at 
the expense of increased oxygen demands by up to 
500%, which is not easily tolerated by a weakened 
animal and could cause hypoxia, mostly in patients 
with respiratory disorders.7,11,13,15,24,30 Nonetheless, 
according to a retrospective study of 275 cats, peri-
anaesthetic hypothermia can rarely prove fatal.21

-   Management 

Treating hypothermia is based on general stabiliza-
tion and rewarming prior to managing the primary 
cause in cases of underlying systemic disorders.2,10

• Stabilization and medical treatment 
Initially, measures are taken to stabilise the cardio-
vascular and respiratory system. Specifically, airway 
patency is controlled and restored when necessary 
and Ο

2
, fluids and electrolytes are administered.2,6,17 

Intravenous fluid therapy is used to control hypo-
tension stemming from «cold diuresis» and to in-
crease blood volume, and must be administered 
immediately. Crystalloid solutions, to which potas-
sium is added when necessary, are administered 
intravenously after being warmed.2,6,17 In cases of 
severe hypotension, a specific amount of fluids can 
be given as a bolus. The temperature of solutions 

entering the body of the animal should not surpass 
42oC.17 Furthermore, the administration of Lactated 
Ringer’s should be avoided in severely hypothermic 
animals, because the liver no longer possesses the 
ability to metabolize the lactate. The use of saline, 
or even the mixing of 1/3 dextrose with 2/3 of sa-
line, is considered safer.6,17,18 Controlling the rhythm 
and amount of fluids administered can be more 
accurate by measuring central venous pressure 
and urine output.6,14,17 However, the use of catheter 
placement for the aforementioned measurements 
demands caution because of coagulation disorders 
that may be present in a hypothermic animal.6

The order and intensity with which therapeutic 
measures are followed can be differentiated accord-
ing to animal species. In dogs, the administration of 
fluids is aggressive and precedes rewarming, oth-
erwise peripheral vasodilation caused by the latter 
will deteriorate hypotension and poor perfusion of 
tissues and reduce the speed of temperature res-
toration.25 In cats, the risk of volume overload and 
pulmonary oedema is palpable once blood vessels 
regain their muscle tone after rewarming and acti-
vation of the adrenaline receptors.17,25 For this rea-
son, the animal is given small amounts of fluid and 
aggressive rewarming is applied (Figure 3).25

Hypothermic animals should be handled with care 
since even the slightest stimulation can lead to car-
diac arrhythmias; moreover, the hypothermic heart 
is unable to respond to medical treatment. As pre-
viously mentioned, bradycardia is unresponsive to 
atropine in low temperatures and rewarming alone 
is usually sufficient. In general, antiarrhythmic and 
vasoactive medications should not be administered 
until body temperature reaches 30-32oC as they 
will be ineffective.2,6,10,17,18 Moreover, repeated use 
of such drugs is not recommended because after 
rewarming the total doses could become toxic due 
to their additive effect.17,18

Given that hypothermia can limit the immune re-
sponse, it is considered necessary to administer 
wide-spectrum antibiotics to prevent secondary 
opportunistic infections such as pneumonia, infec-
tion of the surgical site etc.2,14 Furthermore, since se-
vere pain is experienced during rewarming, it is im-
portant to administer analgesics from the moment 
body temperature reaches 37οC.6,17,18 Τhe limbs, ears 
and tail may be particularly painful; this should be 
taken into consideration during handling of hypo-
thermic animals. The ideal choice of medication is 
opioids. If renal function and tissue perfusion have 
been restored, non-steroidal anti-inflammatory 
drugs can also be administered.17 Bearing in mind 
that hepatic metabolism is reduced, any drugs 
should always be administered with care.2,15

• Rewarming 
Hypothermic animals can sometimes be per-
ceived as dead due to the fact that breathing and 
heart rate are not easily detected and pulses may 
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not be palpable, especially in temperatures below 
28oC.5,6,14,17,18 Poor conductivity of cold skin can 
render even an electrocardiogram difficult to in-
terpret.18 Consequently, such animals must not be 
considered as dead before rewarming.5,6,14,17 The 
exact measuring of core body temperature is pos-
sible through the thoracic oesophagus, though 
this is accomplished only in anaesthetized or co-
matose animals.2,4,20 Rectal temperature measure-
ment is used more commonly since it is a practical 
and easier method; however, it usually differs 0.4οC 
from the actual core temperature.2,3,20 The rewarm-
ing method to be applied depends on the severity 
and duration of hypothermia, the animal’s state, and 
the initiating cause.6,10,17 There are three methods of 
rewarming: passive, external active and internal ac-
tive rewarming. Independent of the technique, the 
temperature must increase by 1-2οC per hour. All ef-
forts should cease at 37-37.5οC to avoid iatrogenic 
hyperthermia as after this point, normal thermoreg-
ulatory responses are activated.5,25,29

Passive rewarming is based on the animal’s innate 
heat-producing ability and aims to preserve it, limit-
ing heat loss towards the environment. It is mostly 
recommended in cases of mild hypothermia not 
caused by underlying disorders, during which nor-
mal thermoregulatory responses are still function-

ing.2,5,6,10,13,14,17,19 It includes warming the patient’s 
environment, drying the animal with a towel if wet, 
and wrapping it in dry, insulating blankets, such as 
fabric or reflective aluminium (Table 2).2,5,10,13,14,17,19,24 

It is considered good practice to also cover the head 
and limbs and not only the trunk.11,17  

With active external rewarming, heat is applied to 
the surface of the animal with the aim of increasing 
the temperature of the surrounding air, thus reduc-
ing the difference in temperature between the skin 
surface and the environment, enabling heat loss via 
convection to be reduced.13,19 This method is indi-
cated in cases of moderate to severe hypothermia 
caused by inefficient heat production in animals 
with hypothyroidism, hypoadrenocorticism, hypo-
glycaemia, cardiomyopathies and other disorders 
that decrease internal thermogenesis, as well as in 
cases of passive rewarming failure.2,5,6,17,18 According 
to this rewarming technique, a heat source such as 
hot intravenous fluid bottles, circulating warm wa-
ter mattresses, heat pads, electric blankets and ra-
diating heat lamps, are placed around the animal’s 
body (Table 2).2,5,6,13,14,17,18 Great care should be given 
to preventing skin burns. For that reason, the above 
heat-providing means should not come into direct 
contact with the animal, nor should their tem-
perature exceed 45oC. Insulating materials such as 

Figure 3. Management of shock in a hypothermic cat: Α. Aggressive fluid administration prior to rewarming can 
lead to vascular volume overload (pulmonary oedema, interstitial oedema etc.), once blood vessels regain muscle 
tone after rewarming. Β. Conservative fluid administration and simultaneous rewarming to prevent vascular 
overload.25
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blankets, towels or surgical draping can be placed 
between the animal’s body and the heat source; 
a frequent change in recumbency is also recom-
mended to ensure that the same side of the ani-
mal is not exposed to heat for a prolonged period 
of time.5,10,13,14,17 A much safer and more effective 
technique includes providing hot air within special 
blankets wrapped around the animal (forced-air 
warming blankets).2,5,6,10,13,17,24 However, the use of 
external heat sources against the body, and espe-
cially the limbs, can present certain complications. 
Intense peripheral vasodilation caused by rewarm-
ing may lead to deterioration of hypotension and 
increase the metabolic demands of peripheral body 
tissues to which the cardiovascular system is unable 
to respond.2,5,13 This condition is called rewarming 
shock, and could possibly lead to sudden death.5 In 
addition, peripheral vasodilation results in relatively 
warmer core blood moving toward colder peripher-
al tissues and therefore cooling, while cooler blood 
from the periphery returns to the core, leading to 
deterioration of hypothermia (afterdrop), up to the 
point where the peripheral and core body tempera-
tures fully balance.2,5,6,13,14 Consequently, it is prefer-
able that this technique is limited to the trunk of the 
animal, or at least that thoracic rewarming should 
precede that of the limbs, so that the temperature 
and ability of the heart to perfuse the limbs is en-
sured.2,5,6  

The aim of active internal rewarming is the swift in-
crease of core temperature through the administra-
tion of heat to inner tissues.13 This technique is indi-
cated in animals with moderate to severe hypother-
mia and unsteady cardiovascular function, especial-
ly post arrest, and in cases of failure of the previous 
techniques.2,6,17,18 Examples of this method include 
the administration of warmed intravenous fluids, 
peritoneal or thoracic lavage with warm solutions, 
gastric lavage or hot water enemas, urinary bladder 
lavage with warm fluids and administration of heat-
ed air with increased humidity via oxygen mask or 
endotracheal intubation (Table 2).2,5,13,14,17,24,29 Warm 

crystalloid solutions that are intravenously adminis-
tered during the stabilization process are a relatively 
ineffective means of rewarming because of the 
wide difference between the volume of fluids ad-
ministered and the animal’s body mass, but also due 
to the fact that they quickly cool down by the time 
they enter the animal’s body. It would have been 
more effective if large fluid volumes were adminis-
tered at a rapid rate, but this could incur an increase 
of risk.5,17 Pleural or peritoneal lavage is sufficiently 
effective, considering that this allows for immedi-
ate rewarming of basic metabolic organs such as 
the liver or the heart. In these techniques, isotonic 
crystalloid solutions are used, heated to about 42οC 
(40-45 οC).2,5,6,13,14 However, these are invasive proce-
dures and should be avoided in cases of suspected 
trauma or recent surgery in these cavities, as well as 
in animals with haemostatic disorders due to hypo-
thermia.2,17 Heating the inhaled air or oxygen up to a 
temperature of 40-45 οC using a heater and humidi-
fier between the oxygen tubing and the endotra-
cheal tube/mask, or by placing a bottle of warm wa-
ter on the tubing, is a non-invasive method which 
permits the control of heat loss from the respiratory 
tract.2,5,6,10,13,17,18 Finally, colonic, gastric and urinary 
bladder lavage with warm saline are less effective 
techniques with several complications, including 
electrolyte disorders, the risk of vomiting and aspi-
ration, and the inability to measure the exact tem-
perature through the rectum and esophagus since 
it will be seen to be increased.2,5,6,14,17

-   Prevention

Preventing hypothermia prior to and during anaes-
thesia is possible and can be accomplished with 
systematic control of body temperature from the 
oesophagus by checking the temperature and rela-
tive humidity of the operating theatre, heating of 
fluids and gases prior to use, and by placing heat 
pads/sources or insulating blankets underneath 
or around the animal. Hypothermia can also be 

Table 2. Collective table of rewarming techniques2,5,6,13,14,17,18,24

Passive Rewarming 

(Preservation of the 
animal’s body heat)

Active External Rewarming 

(Providing heat to the body surface)

Active Internal Rewarming

(Providing heat to the inside of the 
animal’s body)

Mild hypothermia Μoderate/Severe hypothermia Moderate/Severe hypothermia

• Drying of a wet animal 

• Wrapping the animal in 
dry, insulating blankets 

• Warming of the animal’s 
environment

Placing a heat source close to the animal 
(without direct contact):

• Warm intravenous fluid bottles 

• Forced-air warming blankets 

• Warm water mattresses and heat pads 

• Heat lamps

• Electric blankets

• Warm intravenous fluids   

• Heated air with ↑ humidity via mask or 
endotracheal tube

• Peritoneal or pleural lavage with warm 
solutions 

• Enema or gastric lavage with warm 
saline

• Urinary bladder lavage with warm 
fluids 
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Hypothermia

prevented by reducing surgical time and using re-
breathing anaesthetic systems in which the warm 
and humid exhaled gases re-enter the respiratory 
tract after passing through soda lime (for which it 
should be noted that during binding with carbon 
dioxide there is a chemical reaction producing 
heat), thus preserving body temperature more ef-
fectively.4,11,13,15,19,20,22,24,30 Furthermore, it is useful to 
insulate or maintain warmth for all parts of the ani-
mal’s body which are not being operated on, such 
as the limbs and tail, given that these body parts 
have a higher body surface to body weight ratio 
and therefore their heat loss is swift and severe.11,25 
Indeed, in one study of 32 dogs, warming of the 
limbs proved to be more effective than that of the 
trunk in the prevention of hypothermia periopera-

tively because the limbs possess an extensive capil-

lary network compared to the trunk; consequently, 

after anaesthesia-induced vasodilation, heat loss 

from the limbs is more pronounced. For the same 

reason, providing heat through the limbs and to-

ward the body core is easier.7 Finally, another study 

of eight cats concluded that in combination with 

the aforementioned methods, the use of forced-air 

warming blankets during anaesthesia reduces heat 

loss via an increase in microenvironmental temper-

ature surrounding the skin surface, and can be very 

useful in preventing hypothermia. However, it is dif-

ficult to apply in animals undergoing surgery, with 

the exception of cervical or cranial procedures.20


