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The maintenance of normothermia is an important function Physiology
of the autonomic nervous system in homeothermic mammals Thermoregulation is achieved by a physiological control
such as man, as cellular and tissue dysfunction become system consisting of peripheral and central thermoreceptors,
evident at even minor deviations from normal core body an integrating control centre and efferent response systems
temperature.48 53 113 In man, core temperature is normally which take compensatory action.113 Afferent thermal input
maintained within narrow limits of 36.5–37.5°C,48 even in comes from anatomically distinct cold and warmth recep-
the presence of an adverse environmental temperature, by tors, which may be peripheral or central.53 The central
a combination of behavioural and physiological responses. control mechanism, situated in the hypothalamus, deter-
Anaesthesia abolishes behavioural mechanisms and has mines mean body temperature by integrating thermal signals
the potential to disrupt the physiological mechanisms of from peripheral and core structures, and comparing mean
thermoregulation. Adverse postoperative outcomes, includ- body temperature with a pre-determined ‘set-point’
ing wound infection, increased surgical bleeding and morbid temperature.48 In man, the efferent response to effect change

in body heat content as required is by behavioural andcardiac events are being associated with mild perioperative
autonomic means. The latter involves control of cutaneoushypothermia (33.0–36.4°C).21 22 26 42–44 52 74 80 84 85 90 109

vascular smooth muscle tone, shivering and non-shiveringThere is in turn, increased interest in its prevention and
thermogenesis when increased heat production is indicated,treatment, using physical and pharmacological therapy.
and sweating when heat loss is indicated.86 BehaviouralHyperthermia or fever, rather than hypothermia, is a more
responses are of importance in both warm and coldcommon problem in critically ill patients in intensive care
challenges, particularly the latter, where in man they areunits and has been the subject of a recent editorial.19 In this
quantitatively more important than the autonomicreview, we concentrate on the mild, inadvertent hypothermia
mechanisms (Fig. 1).which frequently accompanies clinical anaesthesia.

The strict physiological definition of hypothermia is core Afferent thermal signals
temperature greater than one standard deviation (SD) below Much of our knowledge of the structures of the thermo-
the mean core temperature for that mammal, under resting regulatory system has been gleaned from animal studies.
conditions in a thermoneutral environment.10 Studies on The afferent thermal input may be central or peripheral.
healthy, human volunteers have shown that normal human Thermally sensitive receptors located in the skin and mucous
core temperature can range from 36.5 to 37.5°C, with mean membranes mediate thermal sensation and contribute to
values consistently 36.9–37.0 (0.2–0.5)°C.75 79 82 98 Core thermoregulatory reflexes. Most of these receptors are not
hypothermia may thus be said to commence at 36.4°C, but necessarily thermospecific and may also mediate mechanical
the lower threshold at which mild hypothermia becomes sensation.48 100 Cold-specific receptors have a peak rate of
moderate hypothermia is less clearly defined. We have discharge of impulses at 25–30°C.48 53 They are innervated
taken the clinical anaesthetist’s working definition of mild by type A-δ nerve fibres. Warm receptors, on the other
hypothermia as 33.0–36.4°C, the approximate temperature hand, have maximal discharge rate at 45–50°C and are

innervated by type C nerve fibres.100at which organ dysfunction may begin to develop.53 113
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nervous system (CNS) depressant drugs into the anterior
hypothalamus.130 Central cold thermoreception is consider-
ably less important than peripheral cold sensory input,
but studies in patients with spinal cord transection have
suggested that this central thermoregulatory process
becomes active when the core temperature approaches the
lower limit of its set-point range and is less sensitive than
the peripheral thermoreceptors.38

Central integration – the hypothalamus
Much of the knowledge about the temperature-
regulating structures of the hypothalamus has been derived
from animal models. The afferent thermal information
mechanisms described feed back to temperature-regulating
centres in the hypothalamus (Fig. 1). The anterior hypo-
thalamus conducts the integration of afferent thermal
information, whereas the posterior hypothalamus controls
the descending pathways to effectors.53 Experiments in
animals using thermode technology, whereby a needle-like
structure may be placed in minute areas of the brain and
its temperature varied by changing the temperature of water
passing concentrically within it, have been influential in

Fig 1 Control of thermoregulation.
determining the role of specific brain areas.13 39 67 The
pre-optic area of the hypothalamus contains temperature-
sensitive and temperature-insensitive neurones. The former
may be subdivided into heat-sensitive and cold-sensitiveCold receptors respond both to long-term, gradual

decreases and to sudden, transient changes in environmental neurones. The heat-sensitive neurones, which predominate
by four to one,11 increase their discharge rate in response totemperature. Transient, violent responses to rates of change

in environmental temperature are followed by lasting increased local heat and this activates heat loss mechanisms.
Cold-sensitive neurones, conversely, increase their rate ofresponses to chronic low levels of skin temperature. This

finding was confirmed by Benzinger in a series of experi- discharge in response to cooling of the pre-optic area of
the hypothalamus.12 14 Neurones sensitive to local thermalments in humans subjected to cold water bath stimulation.7

He studied chemical thermoregulation, which refers to stimuli also exist in the posterior hypothalamus, reticular
formation and medulla, and spinal cord.36 65 97changes in metabolic heat production, usually measured by

oxygen consumption. In response to sudden skin tempera- The posterior hypothalamus integrates cold afferent
signals from the periphery with heat-sensitive stimulationture reduction by immersion in cold water, oxygen consump-

tion increased acutely and remained elevated, even after from the pre-optic area of the hypothalamus and instigates
effector responses. Detection of cold differs from detectionthe cold stimulus was removed, in response to repeated

cold exposure. These findings, together with the observation of heat, in that it relies on afferent impulses from cutaneous
cold receptors,7 104 rather than reduced discharge rates ofof ‘overshoot inhibition’ of oxygen consumption in response

to skin surface warming, led to the conclusion that chemical the heat-sensitive neurones in the preoptic area.68 By the
time the core body temperature has fallen 0.5°C belowthermoregulation of cold is excited by skin cold receptors

and is inhibited by central warm reception.7 39 Cold receptors normal, the preoptic neurones have become completely
inactive so that their signal level cannot be decreased anyin the skin are the major way the body protects itself against

cold temperatures, and afferent input from these cold further. Rather, detection of cold relies on cutaneous cold
receptors.7 104 Although the skin contains both cold andreceptors in the skin transmitted to the hypothalamus.7 8 48

In addition to peripheral cold receptors, there are central warm receptors, there are 10 times as many cold receptors
as warm receptors.53 104cold receptors of uncertain anatomical location. Their effects

are masked by the predominant peripheral influence. Human studies have confirmed that autonomic thermo-
regulation is dominated by four neural mechanisms: centralMetabolic heat production at warm skin temperatures

increases when the core is cooled to less than 36°C.39 detection of warmth; peripheral detection of cold; central
warm-inhibition of the metabolic response to cold; andMoreover, it has been demonstrated that some hypothalamic

neurones increase their rate of discharge with decreasing finally, inhibition of thermoregulatory sweating by cooling
of the skin. The last of these is an antihomeostaticcore temperature,51 which is consistent with the observa-

tion that there may be impaired response to cold after mechanism, which serves to prevent soaking of the skin
during strenuous exercise in cool environments.7 8 Inpreoptic hypothalamic lesions131 or injection of central
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vasodilation and sweating in response to heat; and (iii)
shivering and increased metabolic rate.

In the conscious individual, behaviour modification is
more powerful than the autonomic mechanisms of
regulating body temperature. When the hypothalamic ther-
mostat indicates an excessively cool body temperature,
impulses pass from the hypothalamus to the cerebral cortex
to give the individual the sensation of feeling cold. The
result is modified behaviour, such as increased motor
activity, moving to warmer surroundings or adding addi-
tional clothing. The control of behavioural responses to
cold is based largely on cutaneous thermal signals (see
above).142

Fig 2 Activation of thermoregulatory effector responses is triggered at While the precision of the autonomic control of
specific temperatures for a given individual (‘threshold temperature’).

thermoregulation is very high, the power of these mechan-Note that under general anaesthesia, the threshold temperatures for
isms is limited to less than the equivalent of four basalactivation of cold effector responses (including vasoconstriction and

shivering) are ‘decreased’, whereas those for activation of warm responses metabolic rates on either side of the tightly-controlled set-
(including sweating and vasodilation) are ‘increased’. Thus, the narrow point.8 Once the set-point temperature range, typically
range of temperature between the vasoconstriction and sweating thresholds 36.7–37.1°C, has been breached, autonomic effector
(normally ~0.4°C) is widened during general anaesthesia to ~4.0°C. These

responses are activated. Each of the specific responses hasdata are derived from healthy, fasting human volunteers, with ambient
a characteristic threshold (activation at a specific tempera-temperature ~23°C and relative humidity 40%. Reproduced, with

permission, from Ref. 113. ture), gain (rate of response increase as deviation from
normal increases) and maximum response intensity.

Benzinger demonstrated that the response to a central
humans, the ‘set-point’ temperature may be defined as the cold challenge (e.g. by asking volunteers to consume 500 g
narrow temperature range (typically 36.7–37.1°C) across ice in a cool environment, 12°C) consisted of a dramatic
which there is no effector response.7 113 The set-point has increase in metabolic rate, which was detected by an
variously been termed a ‘thermoneutral zone’ or ‘inter- increase in oxygen consumption. Moreover, when a subject
threshold range’, and is unique to humans. Most mammals with a low core temperature (36.1°C) was passively
are better insulated (usually by fur) than man and use lowered into a 28°C bath, in order to provide a skin cold
variation in heat production to achieve thermal balance.53 challenge, metabolic rate also increased ~ 3-fold.7 In order
The limits of this narrow range of temperature are the to understand the interaction of central warm reception and
thresholds at which cold or warm responses are instigated. peripheral cold reception, large, independent variations of
It is normally no more than 0.4°C, but may be increased skin temperatures from 12 to 38°C and tympanic core
to as much as 4.0°C during general anaesthesia in human temperatures from 36 to 38°C were studied in terms of
volunteers (Fig. 2).113–117 Human studies have also demon- oxygen consumption and sweating rates. The subjects were
strated a diurnal variation of the set-point, varying from healthy, naked young men. The values were then plotted
approximately 36.2°C during sleep and in the early morning, on a graph of core temperature versus oxygen consumption
to as much as 1°C higher in the evening (6–11 pm). Females (Figs 3 and 4). At first, there seemed no logical interpreta-
have a higher set-point temperature during the luteal phase tion, but when skin isotherms were drawn, graphing core
of the menstrual cycle by ~1°C.50 53 Rabbit studies have temperature versus oxygen consumption at a given skin
shown that pyrogens may alter the set-point, increasing its temperature, the thermoregulatory response to cold was
triggering temperature by suppressing the activity of warm- clarified. In Fig. 3, as the core temperature increases from
responsive neurones, an effect which is reversed by aspirin.18 cold levels (36.6°C) towards the set-point (in this subject,
Intracranial pathology, such as a space-occupying lesion 37.1°C), oxygen consumption and metabolic endogenous
and dehydration, may also cause an increase in set-point heat production decrease at all skin temperatures, but at cold
temperature by an unknown mechanism acting upon the skin temperatures (e.g. 20°C), metabolic heat production
temperature-sensitive hypothalamic neurones.76 The effect continues until the core temperature is warmer than would
of anaesthesia and drugs on thermoregulation and its effector have been the case if the skin temperature had been 30°C.
mechanisms is discussed later. Once the set-point core temperature is reached, basal

metabolic heat production applies, assuming the subject
Effector responses remains at rest. The right-hand portion of Fig. 3 also

indicates that as the core temperature increases above theThe thermoregulatory responses are characterized by: (i)
altered behaviour, quantitatively the most effective set-point, heat loss mechanisms are strongly activated, as

seen in the increased rate of heat loss from evaporation ofmechanism; (ii) a vasomotor response, consisting of vaso-
constriction and piloerection in response to cold, and sweat.7 Conversely, the effect of increasing skin temperature
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Fig 3 Effect of core temperature on metabolic heat production at different skin temperature isotherms. Note that when skin temperature is relatively
cold (20°C), metabolic heat production remains high until the core temperature is �37°C. Data derived from healthy human volunteers. Reproduced,
with permission, from Ref. 7.

on metabolic heat production at different core temperature The elicitation of non-shivering thermogenesis by
thermoregulatory noradrenaline release is an importantisotherms is shown in Fig. 4.
effector mechanism in increasing heat production particularly

Shivering and non-shivering thermogenesis in neonates.32 These hormonal mechanisms are particularly
important in long-term adaptation to cold. Non-shiveringA motor centre for shivering exists adjacent to the centre
thermogenesis occurs mainly in brown adipose tissue (BAT).in the posterior hypothalamus on which the impulses
This subtype of adipose tissue contains large numbers offrom cold receptors impinge. It is normally inhibited by
mitochondria in its cells and these are supplied by a strongimpulses from the preoptic heat-sensitive area in the anterior
sympathetic nervous system (SNS) innervation. When sym-hypothalamus, but when the cold impulses exceed the rate
pathetic stimulation occurs, oxidative metabolism of theat which the former may be received, this motor centre for
mitochondria is stimulated but is uncoupled to phosphoryla-shivering becomes activated by ‘spill-over’ of signals and
tion, so that heat is produced instead of generating the meta-sends impulses bilaterally into the anterior motor neurones
bolic fuel, adenosine triphosphate (ATP). In human adults,of the spinal cord. Initially, this increases the tone of skeletal
the amount of BAT is small and non-shivering thermogenesismuscles throughout the body, but when this muscle tone
increases the rate of heat production by less than 10–15%, inrises above a certain level shivering is observed. This is
contrast to infants, where it can double heat production.32achieved by increasing the sensitivity of the skeletal muscle
The sympathetic response to mild intraoperative hypothermiastretch reflex.48 50 53 Two patterns of muscular activity, seen
and non-shivering thermogenesis are abolished by fentanyl-in electromyography studies, contribute to the phenomenon
propofol anaesthesia in infants.101 An audit of post-anaes-of post-anaesthetic shivering in humans, and are discussed
thetic shivering in a dedicated paediatric hospital found anbelow.129 While post-anaesthetic shivering may aggravate
overall incidence of shivering of 14% with older age (�6 yr),hypoxaemia,4 recent work in a rabbit model has suggested
administration of atropine and intraoperative hypothermiathat mild hypoxaemia may actually inhibit shivering, by

reducing the shivering threshold by more than 1°C.66 being significantly predictive of shivering.88
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Fig 4 Effect of skin temperature on metabolic heat production at different core temperature isotherms. Note that when the core temperature is relatively
cold (36.3°C), metabolic heat production remains high until the skin temperature is �32°C. Data derived from healthy human volunteers. Reproduced,
with permission, from Ref. 7.

increase it sixfold above BMR;53 and non-shiveringHeat balance
thermogenesis, which is particularly important in the neo-Heat is a form of energy and temperature is a measure of
nate, but not in adults.32 Digestion of foods, especiallythe amount of heat in a body. Heat balance refers to the
proteins, also has a thermogenic effect.110–112

total amount of heat in the body, and is increased by
Heat loss at rest is predominantly (75%) by conduction,metabolic heat production and reduced by evaporation of

convection and radiation, with convection being the mostsweat. Radiation, conduction and convection may increase
important. Convective heat loss occurs when the layer ofor decrease the body heat content, depending on environ-
air next to the skin moves or is disturbed, thereby removingmental circumstances. For example, if ambient temperature
its insulative properties. Radiative heat loss is proportionalis greater than body temperature, radiation will increase
to the fourth power of the temperature difference betweenbody heat content, while the reverse will occur when
the patient and the ambient environment.113 The remainingambient temperature is less than body temperature.48 Heat
25% of heat loss at rest is evaporation of insensible water,gain processes may be obligatory, that is they occur without
principally evaporation from the respiratory tract. Sweatingreference to thermoregulation; or facultative, that is they
involves the active secretion of water on the skin, andcan be manipulated by thermoregulatory mechanisms to
because the specific latent heat of vaporization of water isrestore heat balance. Obligatory heat gain necessarily
0.58 Cal g–1, its evaporation can dissipate large amounts ofincludes basal metabolic rate (BMR). This is the energy
heat, up to 20 times BMR.48cost of maintaining normal homeostasis within the body

Inadvertent hypothermia is by far the most commonand is approximately 40 kcal m–2 h–1.53 It is increased in
perioperative thermal abnormality seen, and it results fromchildhood, in the presence of sympathetic nervous system
exposure to a cold environment in a context of impairedstimulation by fever, and by hormones such as thyroxine,
thermoregulatory mechanisms.23 Patients whose normalandrogen and growth hormone. It declines with age and is
core temperature is 37°C are anaesthetized and their skinreduced during sleep and malnutrition. Facultative heat gain
exposed in an operating theatre with an ambient temperatureincludes: physical exercise, which if strenuous can increase

heat production to 20 times BMR; shivering, which can of 20–25°C. The cooling that results is aggravated by the
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use of cold antiseptic solutions which are allowed to rate and heat loss, and is in fact attributable to core-to-
peripheral redistribution of body heat.54 94 Mean bodyevaporate from the skin, or by cool fluids instilled into

body cavities and by cool intravenous infusions which temperature and body heat content remain constant during
this first hour.116 119 The subsequent core temperature plateauincrease conductive losses. Air turnover rates in theatre

(typically 20 cm s–1) will influence convective heat loss.113 is largely due to thermoregulatory vasoconstriction, trig-
gered by a core temperature of 33–35°C.5 117Measurement of body heat content cannot be achieved

directly. However, it may be derived from the product of
mean body temperature, body mass and the specific heat

Effect of general anaesthesia on thermo-of the body. An estimate of mean body temperature (Tbody)
regulationmay be obtained from this equation, derived from

calorimetric studies: Behavioural thermoregulation is redundant during general
anaesthesia, and both general and regional anaesthesia

Tbody � 0.66 Tcore � 0.34 Tskin,
obtund normal temperature control mechanisms. The
anaesthetist must thus manage the patient’s thermo-where Tcore � core body temperature and Tskin � mean skin

temperature.28 The accuracy of this equation relies in turn regulatory control. General anaesthesia causes thermo-
regulatory impairment characterized by an increase inon the adequacy of mean skin temperature measurement.

Different areas of skin may be given a different weighting warm-response thresholds and a decrease in cold-response
thresholds, such that the normal interthreshold rangedepending on the amount of body surface area it

represents.40 When a high degree of accuracy is required, (between which no effector response occurs) is increased
from ~0.4°C to 4.0°C.115 Both warm-response and cold-the mean skin temperature may be estimated using 10 or

more skin measurement sites.123 However, Ramanathan response thresholds are affected (Fig. 2). These values have
been derived from human volunteer studies, using tympanicsuggested that four skin measurement sites provide adequate

accuracy in this calculation without the inconvenience of thermometry, with ambient temperature usually around
25°C.using a larger number of sites, and this approach has been

used successfully in a clinical setting.55 107 It has been shown All general anaesthetic agents impair thermoregulatory
responses to a similar, but not identical, extent. All thethat the choice of site for core temperature measurement and

the weighting coefficients used in calculating mean body currently used potent inhalation anaesthetic agents
decrease the vasoconstriction and shivering thresholdstemperature are more important sources of error than is the

calculation of mean skin temperature.106 (Table 1).41 62 75 78 98 116 Isoflurane produces a dose-depend-
ent decrease in the threshold for thermoregulatory vasocon-Core temperature can reliably be evaluated at the

tympanic membrane, distal oesophagus and pulmonary striction, ~3°C per 1% isoflurane concentration.132

Isoflurane also reduces the shivering threshold and changesartery. Intraoperative thermal monitoring may be achieved
with infrared thermometry of the tympanum or by the pattern of shivering to include a more clonic type of

muscular activity. The latter involves a change from a linearthermistors placed in the distal oesophagus. Core tempera-
ture may also be estimated with nasopharyngeal, axillary, increase in shivering intensity to bouts of intense, clonic

shivering followed by quiescent periods.62 In addition,rectal and bladder temperatures, although rectal temperature
lags behind other core sites.29 Skin surface temperature isoflurane reduces maximum shivering intensity,62 but gain

is generally preserved during general anaesthesia.132 Des-varies with ambient temperature and with induction of
anaesthesia, and is usually also measured with a thermistor, flurane, however, decreases both the threshold and gain of

vasoconstriction, the latter threefold from 2.4 to 0.8 mlor alternatively with a liquid crystal thermometer.93 113

Measurement of temperature at the skin surface has been min–1 per °C.82 Sevoflurane has been shown to produce a
dose-dependent reduction in shivering threshold in rabbits.49used to estimate the core temperature, by heating the sensor

to eliminate the core–surface temperature gradient. Deep Similarly, the thresholds of the warm-responses, sweating
and vasodilatation are increased by inhalation anaesthesia.138tissue temperature monitoring in this way at the sternum and

forehead correlate well with distal oesophageal temperature Thus the effects of anaesthesia on thermo-
regulatory responses differ from its effects on the carbon(r2 � 0.7, mean difference from oesophageal tempera-

ture � 0.2°C).93 dioxide response curve, which displays both increased
threshold and decreased gain.113 During general anaesthesiaHypothermia during general anaesthesia follows a

distinctive pattern and occurs in three phases: an initial the thermoregulatory thresholds are lowered further in
elderly patients (60–80 yr) than in younger patients, by asrapid decrease in core temperature of ~1°C over the first

hour, followed by a slower linear decrease to 34–35°C, much 1°C.79

Recently, a study comparing induction of anaesthesiaafter which point a core temperature plateau or thermal
equilibrium is reached, where heat loss to the periphery with either sevoflurane or propofol found greater core

hypothermia in patients receiving propofol, even thoughequals heat gained from core metabolic production.113 The
initial rapid reduction in core temperature is greater than they were subsequently ventilated on sevoflurane and

nitrous oxide. These data suggest that even a brief periodthat which would be explained by a lowering of metabolic
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Table 1 Characteristics of the cold effector responses in controls and during anaesthesia. All of these studies were on human subjects. N/A indicates data not
clearly available. aGain was calculated from laser Doppler fluorimetry; other data on thermoregulatory gain was calculated from oxygen consumption

Threshold (°C) Gain (ml O2 min–1 °C–1) Max response intensity (ml O2 min–1 °C–1)

Normal vasoconstriction 36.8�0.478 2.4a 82 N/A
36.6�0.241

Vasoconstriction under GA 35.6�0.378 0.8a 82 N/A
34.6�0.4116

Vasoconstriction with epidural 36.2�0.441 N/A N/A
36.5�0.298

Control shivering 35.7�0.498 �580�18675 607�8275

36.7�0.675 706�14462

Shivering with GA 34.2�0.864 �1480�75062 490�8062

Vasoconstriction with spinal 36.7�0.398 N/A N/A
Shivering with spinal 35.5�0.598 N/A N/A
Shivering with epidural 35.4�0.598 �215�15475 412�5075

36.3�0.575

of propofol-induced vasodilation causes significant re- addition, has the same electromyography characteristics as
that which occurs after general anaesthesia.61 With reduceddistribution hypothermia.63 Intramuscular midazolam
gain and maximum intensity, the shivering which is induced0.075 mg kg–1 produced a dose-dependent reduction in
by core hypothermia after regional anaesthesia is usuallytonic thermoregulatory vasoconstriction, significantly
ineffective in preventing core hypothermia, although it hasreducing core temperatures, even in the absence of con-
been reported that after treatment of shivering the coreventional anaesthesia.91

temperature may fall further.122The effect of general and regional anaesthesia on effector
Whether shivering seen during epidural analgesia inresponses is summarized in Table 1.

labour is due to the temperature of the injectate is unclear.
Injection of ice-cold epidural local anaesthetic increasesEffect of regional anaesthesia on thermo-
shivering compared with epidural solutions that are pre-regulation
warmed to 30°C.102 This result was not repeated in non-

Epidural and spinal anaesthesia decrease the vaso- pregnant patients, however, where no difference in the
constriction and shivering thresholds to a comparable incidence of shivering was observed between those given
degree,98 but by a lesser amount, of ~0.6°C, than general warm or cold epidural injections.103 Shivering during a
anaesthetics when measured above the upper level of the regional anaesthetic may be averted by maintaining high
block.81 98 118 Because local anaesthetics administered to ambient temperature,103 by skin-surface warming with
the central neuraxis do not directly interact with the hypo- radiant heat,124 or by using the same drugs that are effective
thalamic control centres and local anaesthetics given intra- for shivering after general anaesthesia (see below).
venously in doses equivalent to plasma levels after Interestingly, core hypothermia during regional
epidural anaesthesia have no thermoregulatory effect,47 the anaesthesia may not trigger a sensation of cold.41 This
mechanism of this disturbance during regional anaesthesia may reflect the fact that subjective cold perception depends
is unknown, but is consistent with thermoregulatory impair- on skin temperature afferent input, and that the cutaneous
ment caused by the effects of the regional block upon vasodilatation resulting from regional anaesthesia
afferent thermal information.81 increases skin temperature, leading to a sensation of

In contrast to general anaesthesia, where the gain of warmth although accompanied by thermoregulatory
thermoregulatory responses is unchanged, the gain of shivering.118 Awareness of core hypothermia is also
shivering is reduced by 63% and the maximum intensity impaired by epidural anaesthesia.41

by 33% following epidural anaesthesia (Table 1). This After the core-to-peripheral redistribution of body heat
occurs because shivering above the block compensates for with induction of general and regional anaesthesia, sub-
the inability of muscles below the block to engage in sequent further hypothermia depends on the balance of
shivering.75 As with general anaesthesia, core hypothermia cutaneous heat loss and rate of heat metabolic heat produc-
(by 0.6–1.5°C) occurs during the first hour or so after tion.113 During regional epidural anaesthesia, there are two
epidural anaesthesia, due to core-to-peripheral redistribution factors which may accelerate heat loss and prevent the
of body heat from the epidural-induced vasodilation. How- emergence of a core temperature plateau seen after general
ever, with prolonged epidural anaesthesia, the degree of anaesthesia: firstly, there is reduced vasoconstriction thresh-
core hypothermia was less than after general anaesthesia, old in conjunction with lower limb vasodilation due to the
because of vasoconstriction above the level of the block.92 block itself. Hence heat loss continues unabated during

Shivering during regional anaesthesia is, like that after epidural anaesthesia despite the activation of the effector
general anaesthesia, preceded by core hypothermia and mechanisms above the level of the block. This is especially

seen where general and epidural anaesthesia are combined.73vasoconstriction above the level of the block, and in
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Secondly, epidural anaesthesia further reduces the vasocon- prospective, randomized trial.109 Sixty patients undergoing
total hip arthroplasty were randomized to normothermiastriction threshold during general anaesthesia and increases

the rate of core cooling compared with general anaesthesia (final core temperature 36.6°C) or mild hypothermia
(35.0°C), as described above.80 Hypothermic patients lostalone, because vasoconstriction in the quantitatively import-

ant leg compartment is inhibited by the block.73 2.2(0.5) compared with 1.7(0.3) litres of blood (mean(SD),
P�0.001). Significantly more blood transfusions were

Consequences of mild perioperative hypothermia required in the hypothermic group.
A number of studies have suggested that mild hypo-In particular circumstances, hypothermia may have a

protective effect in terms of reducing basal metabolic rate thermia increases cardiac ischaemia and perioperative
mortality. A retrospective study showed that the incidenceand with it the risk of tissue hypoxia and ischaemia. The

efficacy of mild hypothermia in reducing the cerebral of myocardial ischaemia postoperatively in a group of
patients undergoing vascular surgery was raised from 13%metabolic requirement for oxygen exceeds that of

barbiturate coma133 134 and hence may be indicated in carotid to 36% if the patients had a sublingual temperature less
than 35°C at the end of the procedure.42 A prospective,arterial surgery or neurosurgery. Moderate hypothermia is

routine practice in many cardiac surgery centres using randomized controlled trial comparing over 300 patients
with coronary artery disease who either had routine carecardiopulmonary bypass, to minimize the risk of myocardial

and cerebral ischaemia. It is generally agreed however that (and hence were allowed to develop mild hypothermia) or
were actively maintained at normothermia during major,the deleterious consequences of mild hypothermia outweigh

the potential benefits,23 with evidence emerging that hypo- non-cardiac surgery found that maintenance of normo-
thermia was associated with a reduced incidence of angina,thermia per se is responsible for adverse postoperative

outcomes. Hypothermia is associated with shivering and myocardial infarction, ventricular tachycardia and cardiac
arrest than the mildly hypothermic group.44excessive sympathetic nervous system stimulation;43

metabolic acidosis causing prolonged drug metabolism, The thermoregulatory response thresholds are lowered
during general anaesthesia by 1°C more in elderly patientsparticularly of neuromuscular antagonists and propofol;52

85 95 and delayed recovery from anaesthesia.84 Platelet (60–80 yr) than in younger patients,79 making them more
vulnerable to the occurrence of hypothermia. Prevention ofactivity is impaired,135 and there is prolongation of the

coagulation time and decreased clot formation rate.37 70 hypothermia in this age group reduces negative nitrogen
balance associated with increased protein breakdown orImpaired immune function and delayed wound healing have

been demonstrated,127 136 and hypothermia is associated decreased protein synthesis.21 22

with both increased breakdown and decreased synthesis of
Physical, active and passive strategies for avoidingmuscle protein.21 22 24 Perioperative thermal discomfort is
perioperative hypothermiaoften remembered by patients as the worst aspect of their

perioperative experience.120 Preventing redistribution-induced hypothermia may be
achieved by skin-surface warming. Redistribution of heatThe hypothesis that perioperative normothermia increases

susceptibility to surgical wound infection and lengthens occurs when anaesthetic-induced vasodilatation allows heat
to flow from the core to the shell down its concentrationhospitalization was tested in a prospective, randomized

trial.80 Two hundred patients undergoing colorectal surgery gradient, effectively abolishing the shell. Pre-emptive skin
surface warming, for example by using a forced air-warmingwere randomly assigned to a routine intraoperative thermal

care group (hypothermia group) and an additional warming device, does not increase core temperature but increases
body heat content, particularly in the legs, and removes thegroup (normothermia group). Wounds were evaluated daily

until discharge and they were deemed infected if culture- gradient for heat loss via the skin.58 This approach is rarely
used in clinical practice, however, because it requires 1 hpositive pus was isolated. Nineteen percent (19%) of the

hypothermia group compared with 6% of the normothermia of prewarming. A shorter, more aggressive period of warm-
ing may result in counterproductive sweating and dis-patients developed wound infections (P�0.001). The dura-

tion of the hospital stay was also prolonged in the hypo- comfort.121

Passive insulation, including cotton drapes, has been usedthermia group to 13.5�4.5 vs 11.8�4.1 days (P�0.01).
In the hypothermic group, hypothermia persisted for 4 h perioperatively to reduce heat loss to the environment,116

the surface area covered with passive insulation being thepostoperatively, and their end-of-surgery core temperatures
were 34.7°C compared with 36.6°C in those actively important determinant of its effectiveness.117 However,

warming these passive insulators or adding more layerswarmed. The initial 3–4 h after bacterial contamination
are thought to be crucial in determining whether clinical does not improve heat conservation significantly, and passive

warming systems are not likely to be effective in longer,infection ensues.27

In vitro studies suggest that platelet and coagulation more extensive operations.120 However, a comparison of
two passive warming systems during major hepatopancreaticfunction are impaired by hypothermia.37 70 136 The hypo-

thesis that hypothermia may affect surgical bleeding and surgery, one with heat reflective properties, unexpectedly
found that both core and skin temperature increased in 40%allogeneic transfusion requirements was also tested in a
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of patients in each group. This phenomenon may have been indirectly allowing a thermogenic effect when an amino
acid load is presented to the body.111 112 This hypothesis isdue to endogenous heat stimulation by this particular form

of surgery.33 A further study, comparing the efficacy of supported by the observation that the thermogenic effect of
orally ingested amino acids increases in tetraplegic patients,passive with active skin surface warming, was undertaken

in patients undergoing hip arthroplasty. The forced air- whose neural connection between the central thermosensors
and the periphery are severed.1 Nonetheless, the combinationwarming system was most effective at maintaining normo-

thermia, in comparison with aluminized foil. The latter of increased systemic vascular resistance coupled with the
increased myocardial demand from the amino acid-inducedreduced skin heat loss only, but was unable to prevent the

core hypothermia that resulted from core-to-peripheral heat thermogenesis may be potentially hazardous in patients at
high risk of myocardial ischaemia. The role of such aminoredistribution.6 Nonetheless, aluminized metallic foil has

been shown to increase skin temperature and decrease post- acid infusions in these higher-risk patients remains to be
established.23anaesthetic shivering, even after relatively short general

anaesthetics,17 but not during epidural analgesia for labour.15

Because only 10% of metabolic heat production is lost Post-anaesthetic shivering
in heating and humidifying inspired gases, this method is

Post-anaesthetic shivering is a common complication ofrelatively ineffective at maintaining normothermia.59 Heat-
modern anaesthesia, affecting 5–65% of patients afterand moisture-exchanging filters retain significant amounts
general anaesthesia and 33% of patients during epiduralof moisture and heat within the respiratory system, but are
regional anaesthesia.30 It is usually defined as readilyonly half as effective as active mechanisms (and only half
detectable fasciculation or tremor of the face, jaw, head,as expensive).9 Ambient temperature determines the rate of
trunk or extremities lasting longer than 15 s.139 Apart fromheat loss by radiation and convection, and should be �23°C
the obvious discomfort, post-anaesthetic shivering, liketo optimally contribute to maintaining normothermia. How-
hypothermia, is associated with a number of potentiallyever, operating room staff usually find these temperatures
deleterious sequelae. These include increased oxygen con-uncomfortable. Water mattresses are demonstrably
sumption and carbon dioxide production,26 71 catecholamineineffective at preventing heat loss, possibly because rela-
release,26 increased cardiac output, tachycardia and hyper-tively little heat is lost from the back.96 Moreover, decreased
tension,4 119 and raised intraocular pressure.90 Shiveringlocal tissue perfusion associated with local temperatures of
may also decrease mixed venous oxygen saturation,74 as40°C may lead to skin necrosis.96 Conductive losses may
well as interfering with monitoring.34

be reduced if intravenous fluids are warmed before or
Post-anaesthetic shivering is often preceded by core hypo-during administration.128

thermia and vasoconstriction,119 but not necessarily so.30 54
Forced air-warming systems are undoubtedly the best

56 137 Close observation of post-anaesthetic shivering, laterway to maintain normothermia during long procedures, and
aided by electromyographic studies, revealed that it isare particularly effective when used intraoperatively on
composed of two distinct patterns of muscular activity: avasodilated patients, thereby allowing the heat applied to
tonic pattern with 4–8 cycles min–1, resembling thermo-be rapidly transferred to the core. They increase core
regulatory shivering and a clonic pattern, 5–7 Hz, con-temperature both intraoperatively and postoperatively,
sistent with uninhibited spinal reflexes.108 119 129 An auditreducing the incidence of post-anaesthetic shivering and
of over 2500 postoperative patients indicated that malethermal discomfort.6 45 77

gender, anticholinergic premedication, mode of ventilatoryA novel approach to maintaining perioperative normo-
support and induction agents were risk factors for post-thermia has recently been proposed, based on the principle
anaesthetic shivering, whilst the intraoperative use of pethid-of prevention. An intravenous infusion of an amino acid
ine virtually abolished shivering.31 The use of propofolmixture commenced before and continued during anaesthe-
reduces the incidence of post-anaesthetic shivering assia was found to stimulate metabolic heat production five-
compared to thiopental.126 Premedication with the muscar-fold, compared with the thermogenic effect of amino acids
inic antagonists, atropine or glycopyrrolate, predisposes toobserved in the unanaesthetized state. This thermogenesis
post-anaesthetic shivering. If one accepts that glycopyrrolatewas associated with an increased body temperature110 which
penetrates the blood–brain barrier to a lesser degree thanoriginated predominantly from the extra-splanchnic circula-
atropine, the efficacy of glycopyrrolate would point to ation.112 However, the increased temperature was achieved
peripheral mechanism of action, possibly by peripheralnot only by increased non-shivering thermogenesis, but also
vasodilation and increased heat loss prior to the inductionby vasoconstriction, reducing cutaneous heat loss.110 111 The
of anaesthesia.3mechanism for this enhanced thermogenic potential during

general anaesthesia is as yet unclear. One hypothesis is that
Treatment of post-anaesthetic shiveringin the unanaesthetized subject, there is central inhibition of

oxidative metabolism in response to nutrients when the Post-anaesthetic shivering should not be treated in isolation
from perioperative hypothermia. Not all patients who shivercore temperature exceeds the set-point temperature. General

anaesthesia may suppress this inhibitory effect, thereby are hypothermic, but many are, and successful treatment of
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shivering in this group without concomitant treatment of established post-anaesthetic shivering,72 and ondansetron at
induction has recently been shown to prevent it, suggestingthe hypothermia may result in deepening hypothermia.69 122

a role for serotonergic pathways in thermoregulatoryA number of the physical methods of treating hypothermia
control.105have been shown to reduce the incidence of shivering, in

particular forced-air patient warming systems,77 and radiant
Conclusionsheaters.46 124 Radiant heaters work without increasing core

temperature, perhaps by increasing the afferent warm input Mild perioperative hypothermia is an extremely common
from the skin of the head and thorax. The mainstay of but not trivial consequence of induction of anaesthesia,
treatment of postoperative shivering is, however, pharmaco- both general and regional. It results from impairment of the
logical. physiological set-point, such that the threshold for activation

A wide range of drugs, including pethidine, other opioids of thermoregulatory effector mechanisms (vasoconstriction
(fentanyl, alfentanil, sufentanil, buprenorphine), doxapram, and shivering) is reduced to much colder temperatures than
methylphenidate, clonidine and ketanserin, have all been would be tolerated in the conscious state. Although regional
reported to be effective in suppressing established anaesthesia reduces these thresholds to a lesser extent than
shivering, and it would be surprising if all worked on a general anaesthesia, it more commonly reduces the gain and
single part of the thermoregulatory mechanism. Pethidine, in maximum intensity of the effector responses. Vasodilation
particular, is remarkably effective in treating postoperative induced by anaesthetic agents results in a core-to-peripheral
shivering,2 25 57 83 87 89 99 140 141 25 mg being sufficient when redistribution of body heat, with initial, rapid core hypo-
given intravenously to stop shivering in the majority of thermia, followed by a gradual, more linear further decrease
adults. When given in the presence of high-dose naloxone, in core temperature as heat is lost from the skin, maintaining
which antagonizes both µ and κ opioid receptors, pethidine the core-to-peripheral temperature gradient. When the skin
failed to reduce shivering or oxygen consumption, in vasoconstriction mechanism finally is activated, skin heat
contrast to its use in combination with low-dose naloxone,83 loss decreases and a steady-state situation arises where heat
suggesting that pethidine exerts its thermoregulatory effects loss is balanced by ongoing metabolic heat production,
via κ receptors. Pethidine and alfentanil, while reducing reduced by only 20% during anaesthesia. Combined gen-
the shivering threshold, have been shown not to reduce the eral–epidural anaesthesia is a particular risk factor for core
gain or maximum intensity of shivering, suggesting that hypothermia, as lower limb vasoconstriction, quantitatively
pethidine’s efficacy is due to the reduction in the shivering the largest part of the peripheral thermal buffer, cannot
threshold.64 However, alfentanil, which also decreases the occur due to the effects of the regional block. On emergence
shivering threshold,78 is less effective than pethidine in from anaesthesia, normal thresholds are restored, hence
treating post-anaesthetic shivering.87 140 hypothermic patients may shiver, which causes a consider-

As stated above, Solliman and Gillies129 suggested that able metabolic challenge. The neurotransmitter pathways
post-anaesthetic shivering may be due to differential involved in the control of shivering are complex and involve
recovery of the brain and spinal cord from anaesthesia, the a number of systems, evidenced by the variety of therapeutic
latter recovering first, resulting in uninhibited spinal clonic agents that are effective in suppressing it.
tremor, perceived as shivering. Consistent with this hypo- The effects of perioperative hypothermia are almost
thesis, doxapram, a cerebral stimulant commonly used as a exclusively undesirable. Prevention of perioperative hypo-
respiratory stimulant, has also been shown to be effective thermia and post-anaesthetic shivering, which should be
against shivering, though not as effective as pethidine.125 141 considered and managed as two components of the same

Various drugs whose role is less easy to explain are syndrome, demonstrably improves the outcome in terms of
also effective. Physostigmine, the anticholinesterase agent reduced cardiac morbidity and blood loss, improved wound
used for reversal of neuromuscular blockade, has been healing and shorter hospital stay. The known effects of
shown to be effective in preventing the onset of post- hypothermia on drug metabolism and coagulation are also
anaesthetic shivering.57 This may explain in part why obviated and studies are indicated to establish the role of
patients who undergo intermittent positive pressure perioperative thermoregulation on postoperative myocardial
ventilation during anaesthesia shiver less than those who ischaemia. Core temperature monitoring, accompanied by
breathe spontaneously,31 and may imply that cholinergic passive and active methods to maintain normothermia,
pathways are involved in the thermoregulatory mechanisms should be part of routine intraoperative monitoring. This is
that lead to shivering. Clonidine reduces the thresholds for especially so for patients at high risk of perioperative
both shivering and vasoconstriction; is effective in treating hypothermia, particularly patients undergoing body-cavity
established post-anaesthetic shivering;35 72 has been shown surgery, surgery greater than 1 h duration, children, the
to be effective in suppressing shivering after extradural elderly and cases where combined general–epidural anaes-
analgesia in parturients;20 and given at induction of thesia is being conducted. Wider awareness of the benefits
anaesthesia, will also prevent post-anaesthetic shivering of maintaining normothermia perioperatively has the
without influencing core and peripheral temperature distri- potential to improve the quality of patient care and shorten

hospital stay.bution.16 The serotonergic antagonist ketanserin reduces
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