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Hypothermia has long been common in anesthesia and has
largely been seen as an inconvenience. For many years, it
was viewed as inevitable. But hypothermia is much more
than an inconvenience, and it is no longer inevitable.
Hypothermia is closely associated with significant morbidity
both intraoperatively and postoperatively. Hypothermia may
begin in the preoperative holding area, so efforts to prevent
it should begin there as well. Effective intraoperative and
postoperative warming methods are known and commonly
available, but they remain underused. Understanding how
and why core temperature declines in association with anes-
thesia and surgery and safe, effective methods to prevent
that decline will enable nurse anesthetists and perioperative
nurses to increase both the comfort and safety of their
patients while reducing costs to the institution.
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OBJECTIVES
Upon completion of this course, the reader should be
able to:

1. Describe the methods by which heat is lost from
the body and factors that increase or decrease the
rate of heat loss.

2. Describe the typical pattern of core temperature
decline during general anesthesia.

3. Describe effective methods of maintaining or
increasing core temperature during general anes-
thesia and the advantages and disadvantages of
each method.

4. Describe the effects of core hypothermia on drug
pharmacokinetics, coagulation, postoperative
wound infection, myocardial ischemia, duration
of hospitalization, and the sympathetic nervous
system.

5. Describe the factors associated with burns during
warming and their prevention.

Introduction
Thermoregulation is mediated in the hypothalamus in
response to temperature input from both central and
peripheral sites. Body temperature is sensed from a
combination of receptors in the skin, spinal cord, vis-
cera, and the hypothalamus and other parts of the
brain. Both behavioral and physiologic responses are
used by conscious adults in defense of normothermia.

•Mechanisms of heat production. Heat is produced in
the process of normal metabolic function (essential
physiologic processes), metabolism connected with
work (eg, physical exercise), and to regulate body tem-
perature (thermogenesis). Thermogenesis is accom-
plished via shivering and nonshivering means. Shiver-
ing can increase heat production by up to 500% and in
doing so increases metabolic rate and oxygen demand.

•Mechanisms of heat loss. Changes in measured tem-
perature do not always equal changes in heat content,
especially in an anesthetic setting. At first considera-
tion, when core body temperature decreases, there
would seem to have been a loss of heat. In fact, this may
represent a heat loss or a heat energy redistribution.
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Heat is lost from the body to the external environ-
ment by 4 mechanisms: convection, radiation, conduc-
tion, and evaporation. In the perioperative setting, most
heat energy is lost through convection and radiation
when skin is intact. Convection is the heating of a fluid
medium (either liquid or gas) in contact with the body’s
surface and the subsequent movement of the heated
fluid away from the body. The fluid movement may be
either passive (warm air rises) or active (fan blowing on
the patient). A common source of convective heat loss
for the surgical patient is the skin prep, unless the prep
solution is warmed to body temperature. Radiation is
the loss of energy through radiant electromagnetic
waves in the infrared spectrum and involves no direct
contact between the objects involved. Energy radiates
from a warmer object to a cooler one. Uncovered skin
radiates energy away from the operative patient, reduc-
ing the patient’s body temperature. Conduction is the
transfer of heat energy through direct contact between
objects. The cold feeling one experiences while lying on
an x-ray table is an example of conductive heat loss.
Evaporation is the loss of heat energy contained in water
vapor lost through respiration and perspiration, as well
as evaporative losses from open wounds. Large open
wounds of the abdomen or thorax result in massive
evaporative heat loss.

In the perioperative setting, a common mechanism
of temperature decline, though not technically “heat
loss,” is the infusion of intravenous fluid that is cooler
than body temperature. As mass is added to the body at
a lower temperature, the average body temperature
falls. Eventually, at least some of the cold, infused fluid
will exit as urine or blood after being warmed to body
temperature, and a net loss of heat energy will occur.

When a patient is ventilated with dry gas, which is
cooler than body temperature, the gas is heated and
humidified in the tracheobronchial tree and exhaled.
The exhaled gas is saturated with water vapor at body
temperature. (Recall that water is capable of holding a
great amount of heat energy.) If exhausted to the scav-
enger, the loss of the heat in exhaled gas can represent
a significant heat energy loss over time.

Anesthesia and core temperature decline
Most anesthetists are aware that patients can lose a
great amount of heat in the operating room. But heat
loss often begins much earlier. A preoperative injection
of midazolam equivalent to 1.75 to 5.25 mg/70 kg to
healthy volunteers has been shown to result in a
decrease in core temperature of 0.2°C to 0.5°C within
30 minutes after intramuscular injection.1 This effect
has been attributed to peripheral vasodilation and the
resultant increase in heat loss. Efforts to maintain
patient temperature should begin in the holding area.

General anesthetic agents impair the body’s ability to
regulate core temperature by inhibiting central nervous
system temperature control and peripheral temperature
conservation mechanisms. The temperature at which the
body begins to vasoconstrict to limit the contact warm
blood has with the skin’s surface is termed the vasocon-
striction threshold. Isoflurane produces a dose-dependent
decrease in the vasoconstriction threshold that is linear
from zero to 1.5 minimum alveolar concentration.2 This
results in a decrease in the core temperature at which
vasoconstriction occurs of approximately 3°C/percent of
end-tidal isoflurane concentration. Nitrous oxide
depresses the vasoconstriction threshold less than equal
minimum alveolar concentrations of potent inhalation
agents.3

Most general anesthetics also cause direct vasodila-
tion, increasing skin blood flow, skin temperature, and
surface heat loss. Induction of anesthesia with propofol
causes greater peripheral vasodilation than induction
with an inhalation agent. This in turn results in more
rapid core to peripheral temperature shifting and, thus,
a more rapid decrease in core temperature.4 This fact
has special clinical significance during same day and
outpatient surgical procedures, many of which include
induction of anesthesia with propofol. It can be tempt-
ing to ignore patient temperature during these often
brief procedures. But induction with a potent vasodila-
tor makes it even more important to keep the patient
well covered and/or apply a forced-air warming blanket
before induction begins. Induction with ketamine, a
vasoconstrictor, has the opposite effect. Compared with
patients induced with 2.5 mg/kg of propofol, patients
induced with 1.5 mg/kg of ketamine were more than
0.5°C warmer 15 minutes after induction and a full
degree warmer 60 minutes after induction.5 A similar
result has been shown following the administration of
0.5 µg/kg per minute of phenlyepherine begun just
before induction of anesthesia with propofol.6

The sympathetic block resulting from regional anes-
thesia has the same effect, although over a smaller area.

At the same time the body’s ability to defend normal
temperature is impaired, opportunities for heat loss are
increased. Often the patient is stripped naked, increas-
ing radiative loss. Convective heat loss is increased due
to the high rate of operating room air exchange and
pouring cold prep solutions on the skin. Evaporative
losses increase as some prep solutions are relatively
volatile and evaporate before they flow off the patient
or are soaked up by a prep towel. Conductive losses are
minimal if the patient is lying on a foam mattress,
which is a good insulator.

During the first 45 to 90 minutes after induction of
general anesthesia, core body temperature typically
declines from 0.5°C to 2°C.7-14 In the absence of open
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wounds, this initial decline is due largely to redistribu-
tion of heat from central to peripheral compartments.
The body is largely unable to defend against this drop
in core temperature due to the inactivation of central
thermoregulation and direct anesthetic-induced
peripheral vasodilation. As surgical exposure is gained,
heat loss increases in proportion to the size and loca-
tion of the wound. Visceral exposure results in the
greatest heat loss since it exposes the central compart-
ment and the major vessels.

Effects of hypothermia
The body’s metabolic rate decreases by approximately
6% for each degree Celsius decline in temperature.

• Sympathetic activation. The sympathetic nervous
system is intimately involved in thermoregulation, and
sympathetic activation begins early as hypothermia
develops. The vasoconstrictive threshold is only about
0.2°C below normal body temperature in an awake
individual; therefore, small decreases in body tempera-
ture stimulate peripheral vasoconstriction via the sym-
pathetic nervous system in conscious individuals.

• Pharmacokinetic alterations. Hypothermia prolongs
the elimination of injectable drugs commonly used dur-
ing anesthesia. This is at least partially due to an addi-
tional decrease in hepatic blood flow during general
anesthesia when hypothermia is present.15 But all meta-
bolic processes proceed at a slower rate as temperature
declines, whether inside or outside the body. The dura-
tion of action of vecuronium neuromuscular block
(10% recovery of first twitch) is prolonged by 120% at
a body temperature of 34.5°C.16 The plasma clearance of
vecuronium is reduced by 11.3% for each degree Cel-
sius decrease in core temperature (more in women than
in men).17 The duration of action of atracurium neuro-
muscular block is prolonged by 154% at a body tem-
perature of 34°C.15 Following a bolus and infusion of
propofol, blood concentrations are 28% greater in
hypothermic than in normothermic patients.15

• Coagulation. Hypothermia significantly increases
both prothrombin time (PT) and partial thromboplas-
tin time (PTT). Often this cause of coagulopathy is not
detected because laboratory tests of PT and PTT are
conducted at 37°C even if the sample is obtained from
a markedly hypothermic patient. In an in vitro study of
pooled normal plasma, the mean ± SD PT increased
from 11.8 ± 0.3 seconds at 37°C to 12.9 ± 0.5, 14.2 ±
0.5, and 16.6 ± 0.2 seconds at 34°C, 31°C, and 28°C,
respectively (P<.001 for each).18 The mean ± SD PTT
increased from 36.0 ± 0.7 seconds at 37°C to 39.4 ± 1.0,
46.1 ± 1.1, and 57.2 ± 0.6 seconds at 34°C, 31°C, and
28°C, respectively (P<.001 for each). Platelet function
is also reduced in the presence of hypothermia.19 The
coagulopathy associated with hypothermia is the result

of reduced clotting factor activity as temperature
declines, rather than any reduction in the amount of
clotting factors present.20 Clotting ability will recover
as the patient warms up.

• Blood loss. Hypothermia results in increased surgi-
cal blood loss, both during operation and in the post-
operative period. Patients undergoing primary total hip
arthroplasty (general anesthesia) with ending mean ±
SD core temperatures of 36.6°C ± 0.4°C (normother-
mia group) and 35°C ± 0.5°C (hypothermia group) lost
an average of 690 mL and 920 mL of blood, respec-
tively, during the surgery (P=.008).21 Total 24-hour
blood loss averaged 480 mL greater in the hypothermic
group (P< .001). Despite techniques to minimize
banked blood administration (including cell salvage), 7
of 30 patients in the hypothermic group required a
total of 8 units of packed red blood cells, while only 1
of 30 normothermic patients needed a unit of packed
red blood cells (P=.02). In a similar study during
regional anesthesia with an even narrower gap between
the normothermia and hypothermia groups (36.5°C ±
0.3°C and 36.1°C ± 0.3°C respectively), intraoperative
blood loss averaged 488 mL in the normothermia
group and 618 mL in the hypothermic group
(P=.002).22 Patients undergoing colorectal surgery also
have a higher rate of allogeneic transfusion when
allowed to become hypothermic intraoperatively.23

The cost to the institution to procure, prepare, and
administer a unit of blood has been estimated at
approximately $100.24 Direct cost for a single forced-air
warming blanket used intraoperatively is approxi-
mately $20, depending on the type and manufacturer
of the blanket. Preventing hypothermia, in addition to
providing patient care advantages, provides economic
advantages to the institution.

• Cardiac morbidity. Cardiac function is directly
impaired at temperatures below 33°C. The threshold
for arrhythmias seems to be about 31°C, and as tem-
peratures fall below 30°C, ventricular fibrillation
becomes increasingly likely.

The most common cause of severe postoperative
morbidity involves cardiac complications. Postopera-
tive hypothermia is associated with a significantly
greater incidence of cardiac complications compared
with normothermia. Studies of postoperative complica-
tions related to body temperature typically define the
break point between normothermia and hypothermia
near 35°C. Cardiac events, such as unstable
angina/ischemia, cardiac arrest, and myocardial infarc-
tion, occur significantly more frequently in hypother-
mic patients (6.3% vs 1.4%; P=.02), as does ventricu-
lar tachycardia (7.9% vs 2.4%; P=.04) and myocardial
ischemia (9% vs 5%; P=.17).25

A study of patients undergoing lower extremity vas-
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cular surgery showed an even higher rate of myocardial
ischemia and angina. Temperature on admission to the
intensive care unit was an independent predictor of
myocardial ischemia with an incidence almost 3 times
greater in hypothermic patients. Electrocardiographic
changes consistent with ischemia were recorded in 36%
of the hypothermic patients compared with only 13%
of the normothermic patients (P=.008).26 The inci-
dence of angina was 18% in the hypothermic group and
1.5% in the normothermic group (P=.002). The inci-
dence of PaO2 less than 80 torr was 52% in the
hypothermic group and 30% in normothermic group
(P=.03), despite supplemental oxygen therapy.

•Wound infection rate. Decreased tissue oxygenation
is associated with decreased resistance to wound infec-
tion. Mild hypothermia is common immediately after
surgery. This hypothermia results in compensatory
cutaneous vasoconstriction and a decrease in tissue
oxygenation. The first 3 hours after a wound is inocu-
lated with bacteria have been identified as the “decisive
period” during which a wound infection will either
develop or be repelled. Normothermia and normovo-
lemia help optimize cutaneous oxygen delivery and
contribute to the body’s fight against wound infections.
Although body temperature is only one of many impor-
tant factors in determining whether a wound will
become infected, there is a significant increase in the
incidence and severity of wound infections when
hypothermia is allowed in the intraoperative and
immediate postoperative periods.27 In fact, wound
infection rates have been shown to be 3 times higher in
hypothermic than in normothermic patients.23

• Duration of hospitalization. Patients undergoing
colorectal surgery who were allowed to become
hypothermic (average core temperature, 34.7°C) dur-
ing surgery and anesthesia tolerated solid food a day
later, had their sutures removed a day later, and were
hospitalized an average of 2.6 days longer than nor-
mothermic patients (average core temperature,
36.6°C).23 Of interest, the duration of hospitalization
was longer in the hypothermic group whether or not
the patient experienced a wound infection.

• Postanesthetic shivering. Shivering upon emergence
from anesthesia is often very uncomfortable to patients.
In addition to increasing oxygen demand, it increases
intraocular pressure and intracranial pressure, and the
motion involved may increase incisional pain. Shiver-
ing is probably related to hypothermia if core body
temperature is low, peripheral vasoconstriction is pres-
ent, and the shivering pattern is consistent with that
normally seen in cold individuals (ie, is not a patho-
logic tremor). Shivering can be reduced or eliminated
by skin surface warming when hypothermia is not
excessive since approximately 20% of thermal sensory

input is from the skin surface. Keep in mind, however,
that shivering is not always due to hypothermia. Pain
has been shown to cause at least some cases of shiver-
ing.28 This may have something to do with why small
doses of meperidine have been clinically noted to
reducing shivering.

Perioperative warming methods
• Circulating water mattresses. For years, circulating

warm water mattresses have been used under patients
in an effort to maintain normothermia. When used
under patients, they are ineffective. Little heat is lost
through the skin surface in contact with the mattress
pad because it is a good insulator. When placed over
patients, circulating water mattresses are somewhat
effective.

• Heated humidifiers. Heated humidifiers actively
warm gases in the inspiratory limb of the anesthesia
circuit. Since they add heat to the system, it seems as
though they would contribute to increasing patient
temperature during general anesthesia. They are, how-
ever, largely ineffective both for patient warming and
even for preventing decreases in patient temperature.10

At best, they slightly attenuate the decrease in core
temperature seen early in the operative period com-
pared with no treatment at all. Despite their meager
contribution to maintaining patient temperature, they
do add significantly to the risk of anesthesia. Heated
humidifiers increase the risk of airway burns and infec-
tion (warm moist environment), and they add resist-
ance to the anesthesia circuit.

A passive method to achieve results similar to the
addition of an in-circuit heating device, though unstud-
ied for this purpose, is the use of low, fresh-gas flow
rates during maintenance of anesthesia. Reducing fresh
gas flow increases the rebreathing of gas already
warmed and humidified by the patient and, thus,
reduces the thermal cost to the patient. This does not
“heat” the patient but does slow the actual heat loss.
Closed circuit anesthesia would achieve maximum heat
savings in this regard but is technically more difficult to
perform.

•Metallic reflective blankets. Aluminized, so-called
space blankets purport to reduce heat loss due to con-
vection and radiation by reflecting radiated thermal
energy back to the patient. They are no more effective
than cotton blankets.8,9

• Heat and moisture exchangers. Heat and moisture
exchangers (HMEs), also known as an “artificial nose,”
are helpful in decreasing heat loss via the respiratory
system. However, their efficacy is not maximized until
they become saturated with warm exhaled water vapor,
which typically takes about an hour. Thereafter, mois-



ture, and the heat it contains, is trapped by the HME on
exhalation and returned to the patient during inhalation
while increasing circuit resistance only slightly. They are
widely accepted, in part because of their low cost, dis-
posability, and low risk. When used for cases shorter
than an hour, though, they probably have no value.

• Heated intravascular fluids. Fluid warmers are
effective at preventing decreases in body temperature
due to the infusion of cold fluids but contribute little to
warming unless the patient is markedly hypothermic
and requires large volumes of fluids or blood. In the
average-sized adult, a liter of crystalloid intravenous
(IV) fluid reduces core temperature by about 0.25°C.
Cold blood products have a greater effect. If the infu-
sion of a large volume of fluid is anticipated, especially
if over a short time, warming fluids will prevent the
hypothermia that cold fluids would otherwise cause. If
the case is likely to require only a “keep-open IV,”
warming fluids is unlikely to be of benefit.

• Forced-air warming blankets. Forced-air warming
blankets are the most effective method of perioperative
patient warming in current use.7,13,14 The efficacy of
warming systems by different manufacturers varies
greatly. Although few studies of heat transfer rates have
been performed, the greatest heat transfer rate has been
demonstrated with the Bair Hugger (Augustine Med-
ical, Eden Prairie, Minn), with the WarmTouch
(Mallinckrodt Medical, St Louis, Mo) running a close
second.29 The third and fourth most effective warming
systems transferred only 64% and 40% of the heat
transported by the most effective warming blanket. The
differences in heat transfer rate are not due to supply-
ing hotter air to the blanket, but rather to the efficiency
of each manufacturer’s device.

• Ambient temperature. In an exposed patient unable
to use vasoconstriction to defend his body temperature,
cool ambient temperatures facilitate heat loss. At room
temperatures below 70°F, all anesthetized patients will
become hypothermic if no warming is provided. Above
75°F, ambient temperature is less a factor in the devel-
opment of hypothermia in adults if their skin is intact.
Despite any loss of heat, heat redistribution will still
occur, resulting in a decline in core body temperature.
This information is, of course, of little clinical value
since most patients undergo a surgical incision (their
skin is no longer intact), and few operating rooms have
an ambient temperature of 75°F or higher.

Complications associated with warming
Very few burns occur during anesthesia. A 1994 study
of 3,000 closed insurance claims included only 54 burns
(1.8%), of which 28 resulted from attempts by anesthe-
sia to warm the patient (52% of all recorded burns).30

The most common cause of burns was application of a

warmed IV bag next to the skin (64% of anesthesia-
related burns) followed by circulating water blankets
(18%). Despite our knowledge of this hazard, warmed
IV bags continue to be placed against patients, resulting
in second- and third-degree burns.31Although forced-air
warming blankets had been in use for almost 10 years
by 1994, no burns were attributed to these devices.

Burns result as a combination of temperature, skin
surface circulation, and duration of exposure (Figure). A
warming blanket set to a temperature that does not result
in a burn when used on the chest and arms may result in
a burn when applied to the lower extremities during a
vascular procedure requiring cross-clamping of the vas-
cular supply to the legs. Remember, a crock pot that is
barely warm to the touch will cook meat if the meat is
left exposed to the heat all day with no way to cool off.
This principle is best exemplified in an anecdotal report.

A patient had undergone vascular surgery of both
legs. On admission to the recovery room, said patient
complained of being cold, and a forced-air warming
blanket was applied from the waist down. Thirty min-
utes later, the nursing staff became concerned because
the right leg was pulseless and blanched. The patient
returned to surgery to have a clot removed from the right
leg and returned a second time to the recovery room. No
further warming blankets were used. Later it was noted
that the right leg had sustained a first-degree burn while
the left leg had not. Why the difference? Both legs were
exposed to forced-air warming at the same time, for the
same duration of time, and at the same temperature. The
only difference was that the right leg had no circulation
to remove the heat that was applied to it.

Intraoperative temperature monitoring
• Indications. The immediate availability of tempera-

ture monitoring is a standard of care during the provi-
sion of anesthesia, but its use is not always required.
Although hypothermia may develop during extensive
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Figure. The 3 factors that contribute to burns of
patients when using an active warming device
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regional anesthesia, temperature monitoring is not
always necessary. The patient is often able to commu-
nicate thermal discomfort, and the body is more able to
regulate temperature than during general anesthesia.
During general anesthesia, temperature monitoring
should be performed in all but the shortest cases, as
core hypothermia is common from a variety of causes.

•Methods. Although peripheral cooling and vasocon-
striction are important, we are most concerned with
central body temperature intraoperatively. Locations
demonstrated to be representative of central body tem-
perature include the low esophagus, the tympanic mem-
brane, the nasopharynx, mixed venous circulation, and,
perhaps, the bladder. The temperature of more periph-
eral sites is largely dependent on circulation and so does
not consistently reflect central temperature.

Liquid crystal skin surface thermometers, although
not indicative of core temperature, have been suggested
to be adequate to observe temperature trends. The rela-
tionship between skin temperature and core tempera-
ture during anesthesia, although consistent under some
circumstances, varies with ambient temperature, the
presence of air movement at the sensor site, local vaso-
constriction, and other factors. Skin surface tempera-
ture strips are not accurate enough even for trending
purposes.32-35

Conclusion
For many years, anesthesia providers lacked practical,
clinical methods to prevent patient hypothermia. Prob-
ably largely due to this fact, hypothermia has long been
ignored or viewed as an inconvenience. We now under-
stand that hypothermia contributes to a host of unde-
sirable patient outcomes, including increased surgical
and postoperative blood loss, longer hospital stays,
unpredictability in drug elimination, morbidity, and
even death. Knowing this, anesthesia professionals
should no longer view hypothermia as acceptable.
While it is still not possible to ensure that every patient
in every circumstance will be normothermic at the con-
clusion of the surgical procedure, the goal of normoth-
ermia is achievable for most patients.

Attention to patient temperature should begin in the
holding area by providing adequate covering, especially
for patients who are too sedated to ask for another
blanket or who have received preoperative medication
that causes vasodilation. In the operating suite, warm-
ing methods should begin before induction with
vasodilating agents such as propofol, and appropriate
combinations of effective warming methods should be
used intraoperatively without undue concern over cost.
Forced-air warming blankets, the most effective and
probably least expensive active warming device, should
be used more frequently and applied before patients

become hypothermic. It is usually much easier to keep
a patient warm than to rewarm the patient once
hypothermia has occurred.

Maintenance of normothermia will make the effects
of injectable drugs more predictable (especially impor-
tant for muscle relaxants), reduce the need for banked
blood with its attendant risk, and reduce the overall
number of inpatient hospital days postoperatively, and
in some cases, mortality may decline. These advantages
far outweigh the relatively small cost of effective warm-
ing devices. In fact, it is entirely possible that uniform
attention to patient warming might result in overall
cost savings. Ventilator time in the postanesthesia care
unit, banked blood, wound infections, and hospital
days are all more expensive than forced-air warming
blankets. This introduces the possibility that anesthesia
providers could, for once, have the best of both
worlds—higher quality patient care that also costs less.
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