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People normally are able to maintain core body temperature (core tem-
perature) within narrow physiological limits. Regulation of core tempera-
ture is achieved by means of behavioral and autonomic mechanisms that
actively balance heat production and heat loss. These mechanisms are con-
trolled largely from the hypothalamus and depend on the input of afferent
neurons from various sites within the body.

Surgery and general anesthesia impair the normal balance between heat
production and loss [1–3]. Anesthetic agents, opioids, and sedatives inhibit
behavior and autonomic responses, leaving patients essentially poikilother-
mic. Thus when patients are exposed to cool ambient operating room envi-
ronments, mild-to-moderate hypothermia is the usual result. Although
hypothermia may provide protection against ischemia [4,5], there is ample
clinical evidence showing that even mild perioperative hypothermia causes
multiple physiologic derangements and leads to adverse outcomes [6–8].

Conversely, hyperthermia also can occur within the perioperative envi-
ronment, indicating that heat production exceeds heat loss. Although
hypothermia is more common than hyperthermia in the perioperative
period, hyperthermia (core temperature greater than 38�C) is more danger-
ous than a comparable degree of cooling. Hyperthermia can result from
excessive covering of patients [9], extremely warm operating room tempera-
tures, a febrile response [10,11], or uncontrolled metabolism as occurs
during malignant hyperthermia crises.
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Because temperature disturbances are common, multi-factorial, and seri-
ous, it is important that clinicians understand the impact of general anesthe-
sia and surgery on the human thermoregulatory system. Similarly,
monitoring temperature accurately is required to make correct diagnoses
and provide timely intervention. This article covers normal physiologic tem-
perature regulation, perioperative thermal stress, and techniques of intra-
operative temperature monitoring.

Normal thermoregulation

Body core temperature is maintained within a tight range of preset
values. Because the speed of chemical reactions varies with temperature,
and because normal enzymatic functions occur optimally within a narrow
temperature range, normal body functions depend on a relatively constant
core body temperature. The core temperature compartment is composed
of well-perfused tissues, the temperature of which is higher and more uni-
form than the rest of the body.

Afferent sensing

The dorsal root ganglia are clusters of sensory neuron cell bodies located in
the vertebral column lateral to the spinal column. These neurons are associ-
ated with the detection of specific environmental stimuli and can, therefore,
be partitioned accordingly. Dorsal root ganglia neurons are considered pro-
prioceptors, low threshold mechanoreceptors, and cells that sense pain, tem-
perature, or both. Thermosensitive neurons detect a temperature range from
the noxious (greater than 52�C) to the innocuous (approximately 22 to 40�C).
The axons of sensory neurons of the dorsal root ganglia terminate as free
nerve endings in the dermal and epidermal layers of the skin. On the basis
of their conduction velocities, both the pain and temperature sensing neurons
are known to consist of small diameter, slowly conducting, unmyelinated C
fibers and larger, rapidly conducting, thinly myelinated A delta fibers [12].

Free nerve endings in the skin are thought to directly sense environmental
temperature. A key advance in understanding temperature sensation has
come from the cloning and characterization of temperature-activated, tran-
sient receptor potential (TRP) ion channels. The activity of many ion chan-
nels is thermodynamically modulated by temperature. Thermosensitive
TRPs are distinct, in that temperature alone can activate them (Fig. 1).
Six of the mammalian TRP vanilloid ion channel subtypes are nonselective
cation channels that can be activated by distinct increases or decreases in
ambient temperature [13]. These temperature-gated channels are located
in sensory neurons that connect the skin to the spinal column and brain
by means of the dorsal root ganglia. TRP channels are activated when cor-
rect thermal stimuli are received, causing them to open and allow charged
ions to cause an electrical potential that signals the brain.
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The TRP vanilloid 3 channel may be unique among the subset, because it
is expressed prominently in the skin keratinocytes, activated at temperatures
greater than 33�C. Additionally, it exhibits increased responses at higher,
noxious temperatures [14]. This finding implies that skin cells might act as
a molecular thermometer and be able to sense temperature [14]. Keratino-
cytes have no direct link to the central nervous system and might communi-
cate to the brain through nonsynaptic contacts with free nerve endings. Free

Fig. 1. (A) Spinal nerves formed by the joining of afferent (sensory) and efferent (motor) roots

provide peripheral innervation to skin, skeletal muscles, viscera, and glands. Arrows denote the

direction of incoming sensory and outgoing motor impulses. The cell bodies of motor neurons

are located within the ventral horn (laminae VII – IX) of the spinal cord. Cell bodies of sensory

neurons are located in the dorsal root ganglia (DRG). Within the DRG, there are subclasses of

sensory neurons known as proprioceptive (blue), low threshold mechanosensitive (red), and

temperature- and pain-sensing neurons (green). These neurons project centrally to dorsal

horn interneurons (laminae I – VI of the spinal cord) and peripherally to target tissues. Propri-

oceptive neurons (blue fiber) project to specialized structures within target tissues such as mus-

cle, and sense muscle stretch. (B) Low threshold mechanosensitive neurons (red fibers) project

to end organs that transmit mechanical stimuli. Five types of mechanosensitive assemblies have

been described and are illustrated. Temperature- and pain-sensing neurons (green) do not project

to specialized end organs; instead they terminate as free nerve endings in all layers of the skin, and

near blood vessels and hair follicles. (C) Section of skin showing free nerve endings (green fiber).

(From Patapoutian A, Peier AM, Story GM, et al. ThermoTRP channels and beyond: mecha-

nisms of temperature sensation. Nature Reviews Neuroscience 2003;4:530; with permission.)
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receptors in the skin therefore may be the initial means of detecting environ-
mental temperature changes. In a recent study in mice lacking the TRP
vanilloid 3 receptor, Moqrich and colleagues [14] found that these mice
had a severe deficit in sensing warm temperatures compared with their nor-
mal littermates (Fig. 2). This study suggests that the TRP vanilloid 3 recep-
tor proteins on keratinocytes are detecting warm temperatures. These
receptors appear to play an important role in thermoregulation; however,
much remains to be discovered about them.

Central regulation

Invertebrate species only can adjust their body temperature using behav-
ioral methods in response to changing environmental conditions. Therefore,
they are largely at the mercy of the ambient temperature to which they are
exposed. These animals are called poikilothermic, because their core

Fig. 2. Mice lacking transient receptor potential vanilloid 3 (TRPV3-/-) channel have a pro-

found deficit in sensing warm temperature in novel thermotaxis assays. (A) Behavior of wild-

type mice and TRPV3-/- littermates on the temperature choice test. (B) Behavior of wild-type

mice on the gradient assay over a 2-hour trial shown in 30-minute intervals. (C) Behavior of

wild-type and TRPV3-/- mice on the gradient from 30 to 60 minutes. (D) Time spent within

the preferred zones (11 to 13) for wild type and TRPV3-/- mice at each 5-minute interval during

the 2-hour trial. (From Moqrich A, Hwang SW, Earley TJ, et al. Impaired thermo sensation in

mice lacking TRPV3-/-, a heat and camphor sensor in the skin. Science 2005;307(57):1469; with

permission.)
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temperature fluctuates over a considerable range depending on the environ-
mental temperature. Some vertebrate species have evolved the ability to
maintain core temperature by a system of heat production and heat loss
that primarily is integrated by the hypothalamus. These homeothermic an-
imals (mammals) strive to maintain core temperature within a narrow range
regardless of environmental conditions.

In homeothermic animals, actual body temperatures vary slightly from
species to species and to an even lesser extent among individuals. In people,
the traditional normal value for oral temperature is 37�C (98.6�F), but the
normal human core body temperature (core temperature) undergoes a regu-
lar circadian fluctuation of 0.5 to 1.0�C. Core temperature depends more on
time of day than activity. It is normally lowest during sleep, slightly higher
in the awake, relaxed state, and it rises slightly with activity [15,16] (Fig. 3).

Females have an additional menstrual cycle of temperature variation
characterized by a rise in basal temperature related to ovulation. Tempera-
ture regulation in young children is less precise, and they may have a more
exaggerated diurnal difference than do adults, with higher temperatures in
the late afternoon or after physical activity.

Various parts of the body are maintained at different temperatures, with
the difference among them influenced by environmental temperature and
thermoregulatory vasomotion. The extremities are generally cooler than
the rest of the body. Rectal temperature, although generally representative
of core temperature, is often somewhat higher than true core temperature,
and it varies little with changes in ambient environmental temperature.
Oral temperature is generally 0.5�C less than the rectal temperature, but it
is influenced by factors including ingestion of hot or cold fluids, gum chew-
ing, smoking, and mouth breathing. Core temperature can be estimated with
reasonable accuracy at the axilla and bladder except under extreme thermal
stress [17].

Fig. 3. Average high and low body temperature of 14 subjects across circadian phase (left) and

hours awake (right). (From Wright KP, Hull JT, Czeisler CA. Relationship between alertness,

performance and body temperature in humans. American Journal of Physiology-Regulatory,

Integrative and Comparative Physiology 2002;283:R1372; with permission.)
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Precise control of the core temperature is maintained by a thermoregula-
tory system involving afferent thermal sensing, central control, and efferent
defenses [18]. Efferent defenses may be divided broadly into autonomic re-
sponses (ie, sweating and shivering) and behavioral responses (ie, seeking
warm environment, clothing). Autonomic responses are about 80%
dependent on core temperature and largely are regulated by the anterior
hypothalamus. Conversely, behavioral modifications are about 50% deter-
mined by skin temperature and largely controlled by the posterior
hypothalamus [19].

The hypothalamus is the dominant thermoregulatory controller in mam-
mals, but thermoreceptors also are located at other cores sites including the
midbrain, medulla, spinal cord, cortex, and deep abdominal and thoracic
structures [20]. The skin and core body temperature receptors transmit their
input through afferent nerves to the brainstem, especially the preoptic/ante-
rior hypothalamus. Hypothalamic neurons thus play a vital function in co-
ordinating most effector mechanisms by efferent connections.

The posterior hypothalamus integrates temperatures from sensory ther-
moreceptors in the skin and the body core, and regulates afferent thermoreg-
ulatory responses [21]. Each of these responses has a core temperature
threshold that is dependent on mean skin temperature. When the threshold
for a particular response is reached, that response is initiated. Typically, the
thresholds for sweating and vasodilation are about 37�C; the threshold for
vasoconstriction is about 36.7�C. For nonshivering thermogenesis, it is
36.0�C, and for shivering, it is 35.5�C.

Behavioral modifications as a means of thermoregulation include any be-
havioral feature that can reduce heat loss or produce heat in a cold environ-
ment. Conversely, these modifications include any behavioral feature that
inhibits heat gain or causes heat to be released in a warmer environment.
These practices might include seeking shade during the hottest part of the
day and the use of fire, clothing, and building shelters for warmth.

Heat transfer mechanisms

Mammals constantly produce heat, and, on average, they dissipate as
much as they produce to the environment. Body temperature is kept con-
stant so long as heat production equals heat loss. If heat production or
loss predominates, hyperthermia or hypothermia will result. The principle
components of heat production include:

� Basal metabolic rate, the minimum amount of heat produced to sustain
the body’s vital functions and produced solely by the chemical reactions
of metabolism
� Thermogenesis produced by the digestion of food
� Physical activity (including ventilation and shivering), which produces
heat as a by-product of work done
� Hormonal influence on metabolism

828 INSLER & SESSLER
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For example, the basal metabolic rate will increase when stress hormones
of the sympathetic nervous system (eg, epinephrine and norepinephrine) are
secreted by the adrenal glands or thyroxine is released from the thyroid
gland.

Thermal loss to the environment in people occurs by means of:

� Radiation, the transfer of heat by infrared emanations between the body
and surrounding objects
� Conduction, the transfer of heat through direct contact
� Convection, the movement of molecules away from a warm area to
a cool area depending on a temperature differential and air flow (wind
chill effect)
� Evaporation of sweat from the skin, which reduces body heat by 2.436
kJ/mL sweat produced

It is often useful to consider the human body as an inner core and a pe-
ripheral shell. The inner core temperature normally is maintained at approx-
imately 37�C, while the outer shell temperature depends on environmental
conditions and vasomotor tone. Regulation of the body core and peripheral
shell temperatures is coordinated in the brain by means of several behavioral
and autonomic responses. Body core or shell temperature changes are
sensed by cutaneous and deep-body thermoreceptors. The nerve supply
found just underneath the skin is especially temperature-sensitive. These
nerves are considered as either warm or cold receptors. Cold receptors react
in the temperature range of approximately -5 to 43�C and are about 10 times
as common as warm receptors. Warm receptors operate only at tempera-
tures greater than 30�C (Fig. 4). Peripheral detection of temperature

Fig. 4. Average discharge frequency of individual cold and warm sensitive fibers in response to

changes in skin temperature. The dotted line indicates the normal skin temperature (33�C).
Cold sensitive fibers respond only to cooling, whereas warm sensitive fibers respond to warm-

ing. Neither type responds to mechanical stimulation. (From Patapoutian A, Peier AM, Story

GM, et al. ThermoTRP channels and beyond: mechanisms of temperature sensation. Nature

Reviews 2003;4:531; with permission.)
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generally is concerned with detecting cold rather than warm temperatures.
Skin cooling thus provokes immediate reflexes that initiate shivering, inhibit
sweating, and cause skin vasoconstriction to decrease the transfer of body
heat to the skin.

Afferent responses

Thermoregulatory responses encompass any physiologic or behavioral
mechanism that helps maintain body temperature. In a cold environment,
mechanisms act to generate or retain body heat, consequently preventing
hypothermia. And in an environment that exceeds body temperature, mech-
anisms facilitate heat loss to the environment to minimize or prevent
hyperthermia.

The principal thermoregulatory responses in people are behavioral de-
fenses [22,23]: sweating [24], precapillary vasodilatation [25], arterio–venous
shunt vasoconstriction [26], nonshivering thermogenesis [27], and shivering
[28]. Others, such as horripilation (goose bumps) are of little consequence in
people. Each response is characterized by its threshold (triggering core
temperature), gain (intensity increase with further core temperature devia-
tion), and maximum intensity [29]. Core temperatures between the first
autonomic warm response (sweating) and the first autonomic cold defense
(vasoconstriction) define the interthreshold range; these temperatures do
not initiate autonomic thermoregulatory defenses and hence define the
span of normal body temperature at a given time [30].

Most heat exchange of the body with the environment occurs through the
skin. Convective and conductive heat loss is controlled by varying cutaneous
blood flow. Reducing skin blood flow essentially insulates the body core and
limits heat loss. But in a warmer environment, peripheral vasodilatation oc-
curs, which increases blood flow to the periphery and exacerbates heat loss
(Fig. 5).

Neural reflex control of cutaneous blood flow is mediated by means of two
populations of sympathetic nerves: the adrenergic vasoconstrictor system
and a less well-understood sympathetic vasodilator system, which is respon-
sible for 80% to 90% of cutaneous vasodilatation that occurs in response to
heat stress [21]. The neural mechanism of cutaneous active vasodilatation
apparently is mediated by cholinergic nerves; however, the transmitter is
not only acetylcholine, but includes cotransmitters such as vasoactive
intestinal peptide and probably other yet-to-be-identified factors [31].

Body fat that is located under the dermis in the subcutaneous layer alsomay
aid in thermoregulation. This fat has several functions. It can act as a source
of stored energy, as thermal insulation, and as a source of chemically
produced heat. When the fatty acids of this tissue are oxidized to produce
energy, a large quantity of heat is produced. The development of a large layer
of subcutaneous fat may be an evolutionary adaptation to the loss of body
hair and potential cold stress the human ancestor might have experienced.

830 INSLER & SESSLER
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Perioperative temperature monitoring

Temperature monitoring devices vary according to the type of transducer
used and the site to be monitored. The most commonly used transducers are
thermistors and thermocouples. Thermistors are composed of electrodes
connected to a semiconductive material; the resistance of the material varies
nonlinearly according to temperature. Thermocouples consist of a set of
bimetal junctions that generate an electromotive force when there is a tem-
perature difference between the two ends of the transducer [32].

A more recent development is monitors that use infrared emission to
measure temperature; these are seen commonly in aural canal thermometers
(which often are referred to inaccurately as tympanic membrane thermom-
eters). Liquid crystal sensors also can be used to measure skin temperature.

Core temperature is the best single indicator of body temperature. There-
fore, all noncore temperature-monitoring sites need to be judged by their
ability to accurately assess core temperature. Core temperature monitoring
is appropriate for most patients undergoing general anesthesia, to facilitate
detection and treatment of fever, malignant hyperthermia, and hypother-
mia. Although malignant hyperthermia is detected best by a rising PaCO2

out of proportion to minute ventilation, detection of increasing core temper-
ature may help in confirming the diagnosis.

Fig. 5. Negative feedback loops involved in physiologic thermoregulation in humans. Minus

signs refer to the correction of the error signal (change in skin or internal temperature) by

the appropriate effector response. (A) Increases in internal or skin temperatures are sensed

by the preoptic/anterior hypothalamus (PO/AH) and result in increased heat dissipation by

means of cutaneous vasodilation and sweating, which then correct the original increased tem-

perature. The influence of internal temperature is several times that of skin temperature in

the control of these effectors. (B) Decreased skin or internal temperature causes reflex decreases

in heat dissipation (cutaneous vasoconstriction) and increased heat generation (shivering) to

correct the decreases in temperature that initiated those changes. Abbreviation: CNS, central

nervous system. (From Charkoudian N. Skin blood flow in adult human thermoregulation:

how it works, when it does not, and why. Mayo Clin Proc 2003;78:604; with permission.)
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More common than malignant hyperthermia is intraoperative hyperther-
mia of other etiologies, including excessive warming, infection, blood in the
fourth ventricle, and mismatched blood transfusion. Core temperature
changes during the first 30 minutes after administering a general anesthetic
are sometimes difficult to interpret, because a variable and unpredictable
amount of core-to-peripheral redistribution of body heat dominates during
this period. Core temperature, however, should be monitored when general
anesthesia is expected to last longer than 30 minutes.

Monitoring sites

Pulmonary artery catheters
These allow the measurement of central blood temperature, considered

the gold standard for measuring core body temperature [32]. Pulmonary
artery catheter measurement thus usually is used as a reference for all other
devices. The obvious disadvantage of monitoring pulmonary artery temper-
ature is the high cost and invasiveness of the catheter and the difficulty of
insertion. Accordingly, pulmonary artery catheters are reserved for those
patients requiring intensive hemodynamic monitoring; a consequence is
that pulmonary artery temperatures are rarely available for clinical use.

Esophageal temperature
This usually is monitored with a thermistor or thermocouple that is in-

corporated into an esophageal stethoscope. Measured properly, esophageal
temperature accurately reflects core temperature in almost all conditions.
These readings, however, can be artificially affected during general anesthe-
sia by the use of humidified gases [33,34] if the probe is not inserted far
enough. The optimal position for the sensor is approximately 45 cm from
the nose in adults, which is 12 to 16 cm distal from where the heart and
breath sounds are heard best [35]. More proximal positioning can result
in falsely decreased temperatures as a result of the proximity to the trachea
and the impact of cold, dry gases on the site [34]. Esophageal temperature
probes are used frequently for their ease of placement and relatively minimal
risk, and because the site is so reliable.

Nasopharyngeal temperature
Nasopharyngeal temperature can be measured with an esophageal probe

positioned above the palate, and it is reasonably close to brain and core tem-
perature. Because the eardrum is close to the carotid artery and the hypo-
thalamus, tympanic membrane temperature is a reliable measure of core
temperature and often is used as a reference for other sites. This measure-
ment requires that a transducer be placed in contact with the tympanic
membrane, which often requires direct visualization with an otoscope for
correct positioning and cerumen removal; poor contact or cerumen obstruc-
tion can render these readings inaccurate. Older tympanic probes sometimes
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caused bleeding and perforation of the eardrum [36,37]; fortunately, these
problems are not likely to occur with modern probes, which are soft and
flexible.

Bladder temperature
This can be measured with a Foley catheter with an attached tempera-

ture thermistor or thermocouple. Although bladder temperature is a close
approximation of core temperature, the accuracy of this site decreases with
low urine output and during surgical procedures of the lower abdomen
[38]. Rectal temperature measurement is another site that approximates
core temperature, but these readings may be affected by the presence of
stool and of bacteria that generate heat [39]; consequently, rectal temper-
ature tends to exceed core temperature. Rectal and bladder temperatures
lag behind other central monitoring sites during conditions in which the
temperature changes rapidly such as cardiopulmonary bypass surgery.
Despite their limitations, bladder and rectal temperature monitors are rea-
sonable choices to use during regional anesthesia, because awake patients
can tolerate them.

Skin-temperature measurements
These are potentially confounded by:

� Core-to-peripheral redistribution, which may be seen on anesthetic
induction
� Thermoregulatory changes in vasomotor tone triggered when sufficient
core hypothermia initiates intraoperative cutaneous vasoconstriction,
which can lead to a reduction in skin blood flow and temperature
� Changes in ambient temperature

Ikeda and colleagues, however, evaluated these three conditions in which
core-to-skin temperature differences were likely and also considered core-to-
skin differences depending on whether thermometers were positioned on the
forehead or neck. In fact, there were only slight differences induced by these
factors, with the smallest difference of only 0.5 to 1.0�C being on the fore-
head [40,41].

Axillary temperatures
Axillary temperatures are relatively close to core temperature and may be

a reasonable choice in selected patients. But this is the case only if the probe
is positioned carefully over the axillary artery and the arms positioned at the
patient’s side.

Temperature monitoring during cardiopulmonary bypass

Cardiopulmonary bypass constitutes a challenging situation for monitor-
ing temperature because of the rapid and extraordinary degree of heat
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transferred through the bypass circuit during heating and rewarming. The
core compartment goes through the most dramatic temperature changes be-
cause of the blood being rapidly reinfused into the mediastinal organs. The
thermal changes from the core compartment then are dissipated slowly to
the periphery because of the slower nature of heat passing through tissue
as opposed to the cardiopulmonary bypass circuit.

During bypass, core-monitoring sites are useful for temperature monitor-
ing (ie, nasopharyngeal, pulmonary artery, tympanic membrane, and distal
esophagus). Once full-flow bypass has been established, however, the pul-
monary artery catheter may not give an accurate temperature reading be-
cause of diminished flow in the central circulation.

Bladder and rectal temperatures often are considered intermediate tem-
perature monitoring sites during bypass, because they lag behind the core
sites but change faster than peripheral tissues. During cardiac surgery, blad-
der temperature equals rectal temperature when urine flow is low, but equals
the pulmonary artery temperature when urine flow is high [42]. Because
urine flow is such an important determinant of temperature in the cardiac
surgery patient, it is best to consider both core and intermediate sites
when judging adequacy of rewarming or cooling. Skin temperature,
although unrelated to core temperature, may be helpful in evaluating heat
distribution between compartments at the end of bypass [43].

Summary

Traditionally, hypothermia has been thought of and used perioperatively
as a presumptive strategy to reduce cerebral and myocardial tissue sensitiv-
ity to ischemia. Evidence, however, is mounting that maintenance of perio-
perative normothermia is associated with improved outcomes in patients
undergoing all types of surgery, even cardiac surgery.

Ambient environmental temperature is sensed by free nerve endings in
the dermal and epidermal layers of the skin, which are the axonal extensions
of thermosensitive neurons found in the dorsal root ganglia. Free nerve end-
ings in the skin, by means of transient receptor ion channels that are specif-
ically thermosensitive, also may directly sense environmental temperature.
This information is transmitted to the preoptic/anterior hypothalamic re-
gion of the brainstem, which coordinates efferent responses to abnormal
temperature deviation. People have evolved a highly integrated thermoreg-
ulatory system that maintains core body temperature in a relatively narrow
temperature range. This system, though, is impaired by the stress of regional
and general anesthesia, and the added exposure that occurs during the sur-
gical procedure. When combined, these factors can lead to unwanted ther-
mal disturbances. In a cold operating room environment, hypothermia is
the usual perioperative consequence; however, hyperthermia is more dan-
gerous and demands immediate diagnosis.
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Intraoperative hypothermia usually develops in three phases. The first is
a rapid decrease in core temperature following anesthetic induction, which
mostly results from redistribution of heat from the core thermal compart-
ment to the outer shell of the body. This is followed by a slower, linear
reduction in the core temperature that may last several hours. Finally,
a core temperature plateau is reached, after which core temperature remains
virtually unchanged for the remainder of the procedure. The plateau can be
passive or result from re-emergence of thermoregulatory control in patients
becoming sufficiently hypothermic.

Mild hypothermia in the perioperative period has been associated with
adverse outcomes, including impaired drug metabolism, prolonged recovery
from anesthesia, cardiac morbidity, coagulopathy, wound infections, and
postoperative shivering.

Perioperative temperature monitoring devices vary by transducer type
and site monitored. More important than the specific device is the site of
temperature monitoring. Sites that are accessible during surgery and give
an accurate reflection of core temperature include esophageal, nasopharynx,
bladder, and rectal sites. Core temperature also may be estimated reason-
ably using axillary temperature probes except under extreme thermal
conditions.

Rather than taking a passive approach to thermal management, anesthe-
siologists need to be proactive in monitoring patients in cold operating
rooms and use available technology to prevent gross disturbances in the
core temperature. Various methods are available to achieve this. Prewarm-
ing patients reduces redistribution hypothermia and is an effective strategy
for maintaining intraoperative normothermia. Additionally, forced-air
warming and circulating water garments also have been shown to be effec-
tive. Heating intravenous fluids does not warm patients, but does prevent
fluid-induced hypothermia in patients given large volumes of fluid.

This article examined the evolutionary adaptations people possess to
combat inadvertent hypothermia and hyperthermia. Because thermal distur-
bances are associated with severe consequences, the standard of care is to
monitor temperature during general anesthesia and to maintain normother-
mia unless otherwise specifically indicated.
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