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AMMALS need to maintain a nearly con-
stant internal temperature. If the internal
temperature deviates substantially from nor-

mal, metabolic functions generally deteriorate. The
human thermoregulatory system usually maintains a
core body temperature near 37°C. Perioperative hy-
pothermia, however, is common because of the inhi-
bition of thermoregulation induced by anesthesia and
the patient’s exposure to a cool environment. Hypo-
thermia leads to numerous complications, including
coagulopathy, morbid cardiac events, and a decreased
resistance to surgical-wound infection.

 

NORMAL THERMOREGULATION

 

The processing of thermoregulatory information
has three components: afferent thermal sensing, cen-
tral regulation, and efferent responses. Together,
they work to maintain the normal core body tem-
perature. The core temperature can be reliably meas-
ured in the pulmonary artery, tympanic membrane,
distal esophagus, or nasopharynx.

 

1

 

 For clinical pur-
poses, the core temperature can also be adequately
estimated on the basis of the oral, axillary, rectal, or
bladder temperature.

  

AAAAffffffffeeeerrrreeeennnntttt    IIIInnnnppppuuuutttt    aaaannnndddd    CCCCeeeennnnttttrrrraaaallll    CCCCoooonnnnttttrrrroooollll

 

Both heat and cold receptors are widely distribut-
ed in the body. Signals from cold receptors travel
along A delta fibers; signals from warmth receptors
are conveyed by C fibers. Thermal input, after being
integrated at several levels within the spinal cord and
the central nervous system, eventually arrives at the
hypothalamus, the primary thermoregulatory con-
trol center in mammals.
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 The skin surface, deep
abdominal and thoracic tissue, spinal cord, hypo-
thalamus, and other portions of the brain each con-

M

 

tribute, very roughly, 20 percent of the input in-
volved in autonomic thermoregulatory control.

 

3,4

 

Behavioral responses, in contrast, may depend more
on skin temperature.

 

5

 

Each thermoregulatory response can be character-
ized by a threshold, gain, and maximal response in-
tensity. The threshold is the core temperature that
triggers a given thermoregulatory defense (at a given
mean skin temperature). The threshold is analogous
to the temperature set by the user on a home ther-
mostat. The gain of a response determines the ex-
tent to which the response intensity increases with
further deviation of the core temperature from the
triggering threshold. In a home heating system, gain
is the proportional controller that increases the out-
put of heat as the ambient temperature progressively
declines below the thermostat setting. To continue
the analogy, the maximal intensity of the home-
heating system is the highest heat output of which
the furnace is capable. Variations of approximately
1°C with the circadian cycle and of approximately
0.5°C with the menstrual cycle are superimposed on
the normal human core temperature of 37°C.

The thresholds for responses to warmth (sweating
and active vasodilation) normally exceed the thresh-
old for the first defense against cold (vasoconstric-
tion) by only 0.2°C. Core temperatures between the
initial warmth-response and cold-response thresh-
olds lie, by definition, in the interthreshold range.
Temperatures within this range do not trigger auto-
nomic thermoregulatory defenses. Higher or lower
temperatures, though, do trigger effective thermo-
regulatory responses. The thermoregulatory system
thus usually maintains core temperature within ap-
proximately 0.2°C of an assumed target value.

 

6

 

 The
precision of thermoregulatory control is similar in
men and women,

 

6

 

 but declines in the elderly.

 

7

  

EEEEffffffffeeeerrrreeeennnntttt    RRRReeeessssppppoooonnnnsssseeeessss

 

Behavior is the most effective thermoregulatory
response; it is primarily adjustments of behavior that
allow humans to live and work in extreme environ-
ments. Behavioral changes are prompted by thermal
discomfort and include responses such as dressing
warmly or adjusting the ambient temperature.

The major autonomic defenses against heat are
sweating and active cutaneous vasodilation. Sweating
is mediated by postganglionic cholinergic nerves that
terminate on widely but unevenly distributed glands.
Sweat is an ultrafiltrate of plasma, and its composi-
tion depends on the rate of sweating, the state of hy-
dration, and a number of other factors. The maximal
rate of sweating in most adults exceeds 0.5 liter per
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hour and is two to three times as high in trained ath-
letes.
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 Each gram of evaporated sweat absorbs 584
calories. Consequently, sweating can easily dissipate
many times the heat of the basal metabolic rate in a
dry environment. The efficacy of sweating is aug-
mented by precapillary thermoregulatory vasodi-
lation. Active thermoregulatory vasodilation is a
uniquely human response that is mediated by a yet-
to-be-identified factor released from sweat glands. It
enormously increases the cutaneous blood flow

 

9

 

 to
facilitate the transfer of heat from the core to the
skin for eventual dissipation to the environment.

Thermoregulatory vasoconstriction occurs in ar-
teriovenous shunts located primarily in fingers and
toes. These shunts are controlled by centrally medi-
ated 

 

a

 

1

 

-adrenergic receptors, but the constriction is
synergistically augmented by local hypothermia in-
duced through 

 

a

 

2

 

-adrenergic receptors.

 

10

 

 The diam-
eter of the open shunts is approximately 100 

 

m

 

m;
consequently, they can carry 10,000 times as much
blood as an equivalent length of capillary (normal
diameter, 10 

 

m

 

m).
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Nonshivering thermogenesis is an important ther-
moregulatory defense in infants,

 

12

 

 but it contributes
little to thermoregulation in adults.
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 Nonshivering
thermogenesis is mediated by 

 

b

 

3

 

-adrenergic recep-
tors on nerves that terminate on brown fat.
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 The
macroscopic brown coloration of this specialized ad-
ipose tissue results from its enormous density of
mitochondria. Brown fat is equipped with a unique
uncoupling protein that enables the direct transfor-
mation of substrate into heat.
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 Shivering is an in-
voluntary muscular activity that increases the meta-
bolic rate to a level two to three times the normal
value (Fig. 1).

 

16

 

GENERAL ANESTHESIA

 

General anesthesia removes a patient’s ability to
regulate body temperature through behavior, so that
autonomic defenses alone are available to respond to
changes in temperature.

  

TTTThhhheeeerrrrmmmmoooorrrreeeegggguuuullllaaaattttiiiioooonnnn

 

Anesthetics inhibit thermoregulation in a dose-
dependent manner and inhibit vasoconstriction and
shivering about three times as much as they restrict
sweating. General anesthetics raise warmth-response
thresholds in linear proportion to increased dos-
age.

 

17-19

 

 Opioids

 

20

 

 and the intravenous anesthetic
propofol

 

21

 

 similarly lower the thresholds for vaso-
constriction and shivering. Volatile anesthetics, such
as isoflurane

 

19

 

 and desflurane,

 

17

 

 however, decrease
the threshold temperatures for cold responses in a
nonlinear fashion. Nonshivering thermogenesis does
not occur during general anesthesia in either adults

 

22

 

or infants.

 

23

 

Anesthetics thus widen the interthreshold range
(the range of values not triggering thermoregulatory

defenses) to a value approximately 20 times the nor-
mal range of 0.2°C. As a result, anesthetized pa-
tients are poikilothermic, with body temperatures
determined by the environment, over about a 4°C
range of core temperatures (Fig. 2).

The gain and maximal response intensity of sweat-
ing and active vasodilation are well preserved in
patients given volatile anesthetics.

 

18

 

 Desflurane, how-
ever, reduces the gain of arteriovenous-shunt vaso-
constriction to about one third the normal value,
without altering the maximal intensity.

 

24

 

 Because
anesthetics of widely different types produce similar
thermoregulatory inhibition, it seems likely that the
thermoregulatory effects of general anesthetics are
primarily central.

  

HHHHeeeeaaaatttt    BBBBaaaallllaaaannnncccceeee

 

Inadvertent hypothermia during anesthesia is by
far the most common perioperative thermal disturb-
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 Thermoregulatory Control by the Hypothalamus.
The hypothalamus, the primary thermoregulatory control cen-
ter in mammals, is shown as a large square. The skin surface,
deep abdominal and thoracic tissue, spinal cord, and nonhypo-
thalamic portions of the brain each contribute very roughly 20
percent of the input that is integrated by the hypothalamus in
the control of autonomic thermoregulatory defenses (this input
is shown entering the hypothalamus from the left of the fig-
ure). The temperature of the hypothalamus itself also contrib-
utes roughly 20 percent of the information used in thermoreg-
ulatory control. In the hypothalamus, the integrated body
temperature is compared with threshold temperatures that
trigger specific thermoregulatory responses. Values higher
than the threshold for responses to warmth (i.e., sweating) or
lower than the threshold for responses to cold (i.e., vasocon-
striction and shivering) initiate the appropriate defense. Values
between the thresholds for sweating and vasoconstriction lie
in the interthreshold range — the range of temperatures that
do not trigger any thermoregulatory defenses. The interthresh-
old range is normally only 0.2°C. Because thermoregulatory
defenses are generally effective, human body temperature
rarely deviates more than a few 10ths of a degree from the tar-
get value set by the hypothalamus. The thresholds for sweat-
ing, vasoconstriction, and shivering are from Lopez et al.
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 and
are shown as means 

 

6

 

SD. The threshold for nonshivering ther-
mogenesis is an estimated value.
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ance; it results from a combination of impaired ther-
moregulation and exposure to the cold environment
of the operating room.

Under normal conditions, body heat is usually un-
evenly distributed. Tonic thermoregulatory vasocon-
striction maintains a temperature gradient between
the core and periphery of 2°C to 4°C.

 

25

 

 General an-
esthesia reduces the threshold for vasoconstriction
to a level below the current body temperature and
thus opens the arteriovenous shunts. The resulting
redistribution of body heat from the core to the pe-
riphery decreases the core temperature 1°C to 1.5°C
during the first hour of general anesthesia.

 

25

 

 The loss
of heat from the body to the environment contrib-
utes little to this initial decrease (Fig. 3).

After the first hour of general anesthesia, the core

temperature usually decreases at a slower rate. This
decrease is nearly linear and occurs simply because
the body’s heat loss exceeds the metabolic produc-
tion of heat.

 

26

 

 Approximately 90 percent of all heat
is lost through the surface of the skin, with radiation
and convection usually contributing far more to the
process than evaporation or conduction.

After three to five hours of anesthesia, the core
temperature often stops decreasing. This thermal
plateau may simply reflect a steady state in which
heat loss equals heat production. This type of ther-
mal steady state is especially likely in patients who
are well insulated or effectively warmed. If a patient
is sufficiently hypothermic, however, the halt to the
decline in temperature results from the activation of
thermoregulatory vasoconstriction,

 

17,19-21

 

 which de-
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 Mean (

 

6

 

SD) Changes in Thermoregulatory Thresholds Associated with Four Anesthetics.
Anesthetic-induced inhibition of thermoregulatory control is usually the chief factor in determining
perioperative core temperature. Concentration-dependent thermoregulatory inhibition associated with
the use of desflurane and isoflurane (both halogenated volatile anesthetics), propofol (an intravenous
anesthetic), and alfentanil (a 

 

m

 

-opioid agonist) is shown. The thresholds for sweating (triangles), vas-
oconstriction (circles), and shivering (squares) are expressed in terms of core temperature at a desig-
nated mean skin temperature of 34°C. Doses of desflurane and isoflurane are expressed as percent-
ages of end-tidal expired gas, and those of alfentanil and propofol in micrograms per milliliter.
Anesthesia slightly increases the threshold for sweating, in a linear relation to the concentration of
the dose. In contrast, anesthesia produces substantial linear or nonlinear decreases in the thresholds
for vasoconstriction and shivering. Typical concentrations of anesthetics thus increase the interthresh-
old range to approximately 20 times its normal value of about 0.2°C. Autonomic thermoregulatory de-
fenses are not activated unless the body temperature is outside the interthreshold range, so surgical
patients are poikilothermic over a range of core temperatures of 3°C to 5°C. A 1 percent end-tidal con-
centration of isoflurane and a 6 percent concentration of desflurane have similar anesthetic potency.
Data are from Annadata et al.,

 

17

 

 Xiong et al.,

 

19

 

 Matsukawa et al.,

 

21

 

 and Kurz et al.
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creases cutaneous heat loss and acts to hold meta-
bolic heat in the body core.

 

26

 

 Intraoperative vaso-
constriction thus reestablishes the normal core-to-
periphery temperature gradient by preventing the
loss of centrally generated metabolic heat to periph-
eral tissue. From a clinical point of view, this second
type of core-temperature plateau, achieved through
vasoconstriction, is potentially dangerous because
the mean body temperature and the total heat con-

tent of the body continue to decrease, even though
the core temperature remains constant. Because vas-
oconstriction alone is effective in maintaining tem-
perature, the intraoperative core temperature rarely
decreases the additional 1°C necessary to trigger shiv-
ering.

 

REGIONAL ANESTHESIA

 

Regional anesthesia impairs both central and pe-
ripheral thermoregulation. As a result, hypothermia
is common in patients given spinal or epidural anes-
thetics. Patients who become sufficiently hypother-
mic may start to shiver — a development often dis-
turbing to both patients and medical staff.

  

TTTThhhheeeerrrrmmmmoooorrrreeeegggguuuullllaaaattttiiiioooonnnn

 

All thermoregulatory responses are neurally medi-
ated (circulating factors normally contribute little
to thermoregulation, except during fever). Conse-
quently, nerve blocks prevent the normal activation
of regional thermoregulatory defenses such as sweat-
ing, vasoconstriction, and shivering. Spinal and epi-
dural anesthetics disrupt nerve conduction to more
than half the body. This peripheral inhibition of
thermoregulatory defenses is a major cause of hypo-
thermia during regional anesthesia.

Surprisingly, regional anesthesia also impairs the
central control of thermoregulation, even though
regional anesthetics have no direct central effect.
The inhibition is similar in spinal and epidural anes-
thesia and does not result simply from the recircula-
tion of local anesthetic to the brain. Instead, it ap-
pears that the regulatory system incorrectly judges
the skin temperature in blocked areas to be ab-
normally high.

 

27,28

 

 This apparent elevation of skin
temperature in the blocked region fools the regula-
tory system into tolerating core temperatures that
are genuinely lower than normal without trigger-
ing a response. Typically, the thresholds for vaso-
constriction and shivering are reduced by approxi-
mately 0.5°C and the threshold for sweating is
raised by approximately 0.3°C.

 

29

 

 These changes re-
sult in an interthreshold range three to four times
the normal value. In clinical practice, anesthesia-
induced thermoregulatory inhibition is frequently
compounded by the concomitant administration of
sedatives.

 

20

 

Although regional anesthesia typically causes core
hypothermia, patients often feel warmer after the
induction of anesthesia.

 

30,31

 

 This sensation of in-
creased comfort, like the inhibition of autonomic de-
fenses, presumably results from the thermoregulatory
system’s incorrect evaluation of skin temperature in
the blocked area. Because the core temperature is
rarely monitored by medical personnel during spinal
and epidural anesthesia, and because patients usually
do not feel cold, undetected hypothermia is com-
mon during regional anesthesia.
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 Changes in Heat Content and Distribution of Heat in
the Body before and after the Induction of General Anesthesia.
Zero hour on the horizontal axis denotes induction of anesthe-
sia in normal volunteers fully exposed to a typical operating-
room environment. The change in mean body temperature has
been subtracted from the change in core temperature (meas-
ured at the tympanic membrane); the remainder represents the
amount of core hypothermia specifically resulting from the re-
distribution of heat from the core to the periphery. Redistribu-
tion hypothermia is thus not a directly measured value; in-
stead, it is represented by the portion of the decrease in core
temperature not attributable to the relatively small decrease in
systemic heat content. After one hour of anesthesia, the core
temperature had decreased a mean (

 

6

 

SD) of 1.6

 

6

 

0.3°C, with
redistribution accounting for 81 percent of the decrease. Even
after three hours of anesthesia, redistribution accounted for 65
percent of the entire decrease (2.8

 

6

 

0.5°C) in core temperature.
Data are from Matsukawa et al.

 

25

23

0

80

60

40

3

21

22

23 22 21 0 1 2

Hours

Loss

Production

Mean body
temperature

Redistribution

Core temperature

C
h

an
g

e 
in

 T
em

p
er

at
u

re
 (

°C
)

H
ea

t 
(k

ca
l/h

o
u

r)





  

1111777733334444

 

?

 

June 12, 1997

 

The New England Journal  of  Medicine

  

HHHHeeeeaaaatttt    BBBBaaaallllaaaannnncccceeee    aaaannnndddd    SSSShhhhiiiivvvveeeerrrriiiinnnngggg

 

The processes that lead to core hypothermia in re-
gional and general anesthesia are similar.

 

32

 

 As in gen-
eral anesthesia, the initial hypothermia in regional
anesthesia results from a redistribution of body heat
from the core to the periphery.

 

33

 

 In regional anes-
thesia, however, the redistribution is primarily caused
by peripheral, rather than central, inhibition of tonic
thermoregulatory vasoconstriction. Although the vas-
odilation of arteriovenous shunts is restricted to the
lower body, the mass of the legs is sufficient to pro-
duce substantial core hypothermia. Subsequent hy-
pothermia results because the loss of heat exceeds
production. Patients given spinal or epidural anes-
thetics cannot, however, reestablish core-tempera-
ture equilibrium, because peripheral vasoconstric-
tion remains impaired.

 

34

 

 Consequently, hypothermia
tends to progress throughout surgery.

A patient who becomes sufficiently hypothermic
during spinal or epidural anesthesia will shiver. Shiv-
ering is disturbing to patients and care givers but
produces relatively little heat, because it is restricted
to the small-muscle mass cephalad to the block. Shiv-
ering can be treated by warming the surface of the
skin

 

35

 

 or by the administration of clonidine (75 

 

m

 

g
intravenously in adults)

 

36

 

 or meperidine (25 mg in-
travenously).

 

37

 

 Meperidine is considerably more ef-
fective than equianalgesic doses of other opioids

 

37

 

;
its special antishivering action may be mediated by
kappa opioid receptors.

 

38

 

CONSEQUENCES AND TREATMENT 

OF HYPOTHERMIA

 

During cardiac surgery the core temperature is of-
ten intentionally reduced to approximately 28°C in
order to protect the myocardium and central nerv-
ous system.

 

39

 

 Even lower temperatures, often near
18°C, may be established to protect the brain dur-
ing circulatory arrest induced for the repair of com-
plex cardiac lesions or aneurysms of the aortic arch
or cerebrum.

 

40

 

 In this review, however, I will focus
on the more typical reductions of from 1°C to 3°C
in core temperature that frequently occur during
surgery. Mild hypothermia is likely to protect some
patients, but it surely harms others. Because effective
methods of cooling and warming surgical patients
are now available, perioperative changes in body
temperature should undergo the same type of risk–
benefit analysis as other medical interventions.

  

CCCCoooonnnnsssseeeeqqqquuuueeeennnncccceeeessss

 

Declines in temperature of only 1°C to 3°C below
normal provide substantial protection against cere-
bral ischemia and hypoxemia in numerous animal
species.

 

41

 

 Consistent with these data was a finding
that core temperatures near 32°C improved the out-
come after traumatic brain injury in patients with

scores of 5 to 7 on the Glasgow Coma scale.

 

42

 

 Con-
sequently, most anesthesiologists believe mild hypo-
thermia is indicated during operations likely to cause
cerebral ischemia, such as carotid endarterectomy
and neurosurgery. Mild hypothermia also slows the
triggering of malignant hyperthermia (a rare, life-
threatening hypermetabolic response to succinylcho-
line and volatile anesthetics) and may reduce the se-
verity of the syndrome.

 

43

 

 Core temperatures near
34°C also appear to facilitate recovery and reduce
mortality from septic adult respiratory distress syn-
drome.

 

44

 

Even mild hypothermia reduces resistance to sur-
gical-wound infection by directly impairing immune
function (especially oxidative killing by neutrophils)
and decreasing the cutaneous blood flow, which re-
duces the delivery of oxygen to tissue. Perioperative
hypothermia is also associated with protein wasting

 

45

 

and the decreased synthesis of collagen.

 

46

 

 Together,
these factors triple the incidence of surgical-wound
infection and increase the duration of hospitaliza-
tion by approximately 20 percent in patients who
become hypothermic during elective colon resec-
tion.

 

46

 

Mild hypothermia also reduces platelet function

 

47

 

and decreases the activation of the coagulation cas-
cade.

 

48

 

 In a finding consistent with these data from
in vitro studies, hypothermia significantly increased
the loss of blood and the need for allogeneic trans-
fusion during elective primary hip arthroplasty.

 

49

 

Core hypothermia of just 1.5°C triples the incidence
of ventricular tachycardia and morbid cardiac events.

 

50

 

Interestingly, the cardiac events involved appear to
be unrelated to shivering after anesthesia, which
suggests that factors other than increased metabolic
rate are more important.

Mild hypothermia decreases the metabolism of
most drugs, including propofol

 

51

 

 and the muscle re-
laxants vecuronium

 

52

 

 and atracurium.

 

51

 

 Consistent
with this decreased metabolism is the observation
that mild hypothermia significantly prolongs the post-
operative recovery period (even if temperature is not
a discharge criterion).

 

53

 

 Shivering occurs in approx-
imately 40 percent of unwarmed patients who are
recovering from general anesthesia

 

16

 

 and is associat-
ed with substantial adrenergic activation

 

54

 

 and dis-
comfort (Table 1).

 

55

 

 Some patients report the dis-
comfort of postoperative shivering and the sensation
of cold to be even worse than surgical pain. Despite
the well-documented adverse effects of mild hy-
pothermia, there is no evidence of any benefits as-
sociated with the perioperative maintenance of su-
pranormal core temperatures (i.e., 38°C or 39°C).

  

TTTTrrrreeeeaaaattttiiiinnnngggg    aaaannnndddd    PPPPrrrreeeevvvveeeennnnttttiiiinnnngggg    IIIInnnnttttrrrraaaaooooppppeeeerrrraaaattttiiiivvvveeee    HHHHyyyyppppooootttthhhheeeerrrrmmmmiiiiaaaa

 

Less than 10 percent of metabolic heat is lost
through respiration, even if dry, cool gas is used for
ventilation. Passive or active airway heating and hu-
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midification therefore contribute little to perioper-
ative thermal management.

 

56

 

 Each liter of intrave-
nous fluid infused into adult patients at ambient
temperature, or each unit of blood infused at 4°C,
decreases the mean body temperature approximately
0.25°C. The administration of unwarmed fluid can
thus markedly decrease body temperature. Heating
fluids to near 37°C helps prevent hypothermia and
is appropriate if large volumes are being adminis-
tered.

The skin is the predominant source of heat loss
during surgery, although evaporation from large sur-
gical incisions may also be important.

 

57

 

 A sufficient-
ly high ambient temperature will maintain intraop-
erative normothermia in the patient. However, an
ambient temperature above 25°C is frequently re-
quired, and this is uncomfortable for gowned sur-
geons working under hot operating-room lights.

Cutaneous heat loss can be decreased by covering
the skin (e.g., with surgical drapes, blankets, or plas-
tic bags). A single layer of an insulator reduces the
heat loss by approximately 30 percent; unfortunate-
ly, adding additional layers does not proportionately
increase the benefit.

 

58

 

 In most cases, some form of
active warming is required to prevent intraoperative
hypothermia. Forced-air warming is generally the

most effective available method

 

59

 

 (Fig. 4),

 

 but any
method or combination of methods that maintains
the core temperature above 36°C is adequate. For
example, patients undergoing minor operations in a
warm environment may not require active warming.
More typically, however, forced-air warming, alone
or combined with fluid warming, is required to main-
tain normal intraoperative core temperatures.

CONCLUSIONS

Temperatures throughout the body are integrated
by a thermoregulatory system that coordinates de-
fenses against cold and heat. These effective respons-
es usually keep the core temperature within 0.2°C of
normal values. General anesthesia produces marked,
dose-dependent inhibition of thermoregulation, typ-
ically increasing the thresholds for sweating and vas-
odilation by approximately 1°C and reducing the
thresholds for vasoconstriction and shivering by ap-
proximately 3°C. As a result, the interthreshold range
increases roughly 20-fold, so that patients are poiki-
lothermic over a range of core temperatures of ap-
proximately 4°C. Regional anesthesia also impairs
thermoregulatory control, producing both peripher-
al and central inhibition.

The combination of anesthetic-induced thermo-

*Only prospective, randomized trials are included; subjective responses were evaluated by observers blinded to treat-
ment group and core temperature. The difference in core temperature is the difference between the normothermic and
hypothermic patients. Plus–minus values are means 6SD.

†Postoperative shivering was measured in terms of oxygen consumption.

‡Adrenergic activation was measured in terms of plasma norepinephrine concentration.

§Thermal discomfort was measured on a visual analogue scale on which patients indicated their responses; the markings
ranged from 0 mm (intense cold) to 100 mm (intense heat).

TTTTAAAABBBBLLLLEEEE    1111.... EFFECTS OF MILD PERIOPERATIVE HYPOTHERMIA IN PUBLISHED STUDIES.*

SSSSTTTTUUUUDDDDYYYY

NNNNOOOO....    OOOOFFFF

PPPPAAAATTTTIIIIEEEENNNNTTTTSSSS

DDDDIIIIFFFFFFFFEEEERRRREEEENNNNCCCCEEEE    
IIIINNNN    CCCCOOOORRRREEEE

TTTTEEEEMMMMPPPPEEEERRRRAAAATTTTUUUURRRREEEE EEEEFFFFFFFFEEEECCCCTTTT    MMMMEEEEAAAASSSSUUUURRRREEEEDDDD

VVVVAAAALLLLUUUUEEEE    IIIINNNN    
NNNNOOOORRRRMMMMOOOOTTTTHHHHEEEERRRRMMMMIIIICCCC

PPPPAAAATTTTIIIIEEEENNNNTTTTSSSS

VVVVAAAALLLLUUUUEEEE    IIIINNNN    
HHHHYYYYPPPPOOOOTTTTHHHHEEEERRRRMMMMIIIICCCC

PPPPAAAATTTTIIIIEEEENNNNTTTTSSSS

PPPP    
VVVVAAAALLLLUUUUEEEE

°C

Kurz et al.46 200 1.9 Duration of hospitalization 12.164.4 days 14.766.5 days ,0.01
Surgical-wound infection 6% 19% ,0.01

Schmied et al.49 60 1.6 Intraoperative blood loss 1.760.3 liters 2.260.5 liters ,0.001
Allogeneic blood transfused 1 unit 8 units ,0.05

Frank et al.50 300 1.3 Cardiac events 1% 6% ,0.05
Postoperative ventricular 

tachycardia
2% 8% ,0.05

Carli et al.45 12 1.5 Urinary excretion of 
nitrogen

7286254
mmol/day

12406558
mmol/day

,0.05

Heier et al.52 20 2.0 Duration of action of 
vecuronium

2864 min 6268 min ,0.001

Leslie et al.51 6 3.0 Duration of action of 
atracurium

4464 min 6867 min ,0.05

Just et al.16 14 2.3 Postoperative shivering† 141624 ml/
min/m2

2696159 ml/
min/m2

,0.05

Lenhardt et al.53 150 1.9 Duration of post-anesthesia
recovery

53636 min 94665 min ,0.001

Frank et al.54 74 1.5 Adrenergic activation‡ 3306182 pg/ml 4806425 pg/ml ,0.05

Kurz et al.55 74 2.6 Thermal discomfort§ 50610 mm 1869 mm ,0.001
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regulatory impairment and exposure to cold operat-
ing rooms makes most surgical patients hypothermic.
The hypothermia initially results from a redistribu-
tion of body heat from the core to the periphery and
then from an excess of heat loss over heat produc-
tion. The core temperature of patients who become
sufficiently hypothermic during general anesthesia
eventually reaches a plateau when arteriovenous-
shunt tone is reestablished.

Even mild perioperative hypothermia, which is eas-
ily prevented, is associated with adverse outcomes, in-

cluding cardiac events, coagulopathy, surgical-wound
infections, and prolonged hospitalization. The body
temperature should therefore be measured in most
surgical patients. Unless hypothermia is specifically
indicated (e.g., for protection against ischemia), the
intraoperative core temperature should be maintained
above 36°C.
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