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Update for nurse anesthetists

A common sense approach to hypothermia
Tony C. Welch, CRNA, MSNA
Temple, Texas

Hypothermia frequently is considered inadvertent in the
perioperative setting. The preservation of vital body heat
has been an issue since the 1800s. This article provides a
select review of the causes of hypothermia and the methods
for prevention of hypothermia during the perioperative
period. Providing patients with an environment designed to
foster normothermia can preclude the costs of longer hos-
pital stays, prevent morbid conditions associated with
hypothermia, and provide patients with a more comfortable
perioperative experience. Our goal as perioperative health-
care providers is a normothermic perioperative experience
for all patients.

Key words: Causes, costs, hypothermia, morbid conditions,
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Objectives
At the completion of this course, the reader should be
able to:

1. Define hypothermia in relation to normothermia
and heat production.

2. Describe a heat-preservation method that is sim-
ple and effective.

3. Enumerate at least 4 mechanisms that contribute
to hypothermia.

4. Discuss the relative economics of hypothermia
prevention compared with hypothermia-related
adversities.

5. Describe possible sequelae of hypothermia.

Introduction
Maintaining normothermia, an average patient temper-
ature at around 37°C is a daily battle in the periopera-

tive environment. Hypothermia often is considered an
“inadvertent” problem for the perioperative patient,
and it reportedly occurs in some 70% of postsurgical
patients (D. I. Sessler, MD, written communication,
August 2001).1 As early as the 1800s, Florence Nightin-
gale “advised Nurses to constantly monitor patients’
body temperatures by palpating the extremities to pre-
vent the effects of vital heat loss.”2 Hypothermia occurs
when body temperature drops below 36°C. Hypother-
mia can progress to seizures or even cardiac arrest at
approximately 34°C3 (Table 1).
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Factor Effect

Cardiac arrest May occur at 34°C3,4

Preexisting With hypothermia, may result in a
coronary 4-fold increase in morbidity or a
artery disease 3-fold increase in morbid cardiac

outcomes5,6

Hypothermia May increase the level of circulating
norepinephrine by 100% to 700%,
resulting in sympathetically induced
hypertension6

Temperature Below 35°C associated with increased
surgical blood loss and infections5,7

Hypothermia Associated with coagulopathies5,8-11

Rewarming May increase oxygen consumption by
as much as 400% to 700%5,12

Table 1. Hypothermia cautions (body temperature at or
below 36°C3)
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What are the causes of hypothermia? What are the
measures to counteract it? Which patients lose the most
heat, and how is the heat lost? What are the costs of
patients becoming less than normothermic? This article
presents an overview of select articles in the literature
and resources pertaining to hypothermia. The article’s
intent is to describe the causes of hypothermia and pos-
sible interventions. These interventions could limit
sequelae of hypothermia and decrease patient care costs.

Review of the literature
One report lists preoperative warming as a measure that
can be used, beginning on the ward, to maintain nor-
mothermia.13 Another article, in a British journal,
reports that the greatest perioperative heat loss occurs
during the first perioperative hour, that in rooms main-
tained at 21°C all patients develop hypothermia, and
that heated forced air was most effective for patient
warming.14 Similarly, a study involving 502 patients
reported that using a Bair Hugger, a convection warm-
ing device (Augustine Medical, Eden Prairie, Minn),
helped maintain normothermia, resulting in shorter
postanesthesia recovery room stays.15

Factors influencing thermoregulation
Radiant heat loss can account for 60% of patient heat
loss, evaporative heat loss accounts for another 20%,
convective heat loss accounts for 15%, and conductive
heat loss accounts for 5%.16 The average 70-kg adult
produces some 70 kcal of metabolic heat per hour; dur-
ing an anesthetic, the person’s heat production can
drop to 42 kcal/h.1 For every 58 kcal of heat loss above
heat production, there is a 1°C decrease in the patient’s
temperature17 (Table 2).

A recognized factor in perioperative heat loss is
redistribution. Preoperatively, the typical patient’s core
temperature is 37°C, with a peripheral temperature of
31°C to 35°C and a skin temperature of 28°C to 32°C
due to vasoconstriction. Once anesthetized, vasodilata-
tion results in a core temperature of 36°C, a peripheral
temperature of 33°C to 35°C, and a skin temperature of
32°C to 34°C.1 Sessler5,18 describes the redistribution
heat loss process as a major cause of hypothermia when
associated with the contribution of an anesthetic to
hypothermia. Much of this reported heat loss can be
associated directly with the anesthetic.

Anesthesia contributes to the loss of core body tem-
perature. Even a heat loss of 2°C can have deleterious
consequences.19 In a study involving 40 patients under-
going general anesthesia, the postoperative tempera-
tures ranged from 36.7°C to less than 35.5°C. That
study found that patients in the 20- to 40-year-old
range exhibited an 80% vasoconstriction response to
hypothermia, while those in the 60- to 75-year-old

range exhibited a 55% vasoconstriction response. In
addition, the 20- to 40-year-olds exhibited a 40% shiv-
ering response to hypothermia, compared to a 10%
shivering response to hypothermia for the 60- to 75-
year-olds. Two things of particular interest in this study
is that the reported ambient room temperature was
26°C (which is well above most operating room tem-
peratures) and the differences in compensatory
responses between the 2 age groups.21

In another study comparing heat loss in patients
receiving either general or epidural anesthesia, general
and epidural anesthesia resulted in virtually identical
core temperatures, but younger patients receiving
epidural anesthetics maintained better core tempera-
tures than did the older patients in the study. However,
general anesthesia resulted in minimal core tempera-
ture changes whatever the patients’ age.20

Physiological implications of hypothermia
In a study of 300 patients with varying degrees of coro-
nary artery disease, morbid cardiac events occurred in
1.4% of the normothermic group compared with 6.3%
of the hypothermic group.6 The authors reported that a
decrease of 0.5°C to 1.2°C could trigger sympatheti-
cally mediated hypertension with a resulting increase of
approximately 100% to 700% in the circulating levels
of norepinephrine, leading to generalized systemic
vasoconstriction. This combination of increased norep-
inephrine levels and vasoconstriction could increase
cardiac workload. In addition, a concomitant decrease
in perfusion probably would result in a colder and
more physiologically stressed patient. The authors pos-
tulated that there was a 55% reduction in morbid car-
diac risks for patients who remained normothermic.

In a study involving 200 patients undergoing colon
surgery, the authors reported several examples of the dif-
ferences in hypothermic and normothermic patients.

Exposure via radiant, evaporative, conductive, or
convective means1,8

Anesthesia in patients with central regulatory
depression1,4,5,18-20

Ambient temperatures: the first perioperative hour in a
21°C room is associated with the greatest heat
loss1,3,8,21

Open thoracic, abdominal, gynecological, or
genitourinary procedures1,3,8

Body size: thin, obese, or pregnant patients with a
lack of tissue mass or a large body surface area1,5,8,14

Age: infants, children, and people older than 60
years12,18,20,21

Table 2. Reasons and risk factors for hypothermia



The infection rate was 19% for hypothermic patients but
6% for normothermic patients (P=.009). For 20% of
hypothermic patients, the hospital stay was 2.6 days
longer (P=.01). Overall, for hypothermic patients,
sutures were removed 1 day later (P=.002). The authors
stated that an intrinsic heat loss to 35°C or less could
lead to a larger perioperative blood loss, as much as 500
mL, than in patients whose temperature was maintained
around 36°C during the perioperative period.7 Not only
are these group differences highly significant statistically,
their clinical significance is compelling as well.

The patient’s disease process is not the only consid-
eration. The type and length of the procedure can be
factors in how cold the patient becomes. A retrospec-
tive, descriptive study of 200 patient records comparing
temperature changes found that the patients experienc-
ing the greatest temperature loss were those undergoing
either abdominal or gynecological procedures.8 That
study involved a group of patient status I and II patients
between the ages of 20 and 55 years with an operative
time of 1 to 3 hours. Tympanic probes were used to
record core temperatures while patients were in the
holding area and in the recovery room. The dependent
variable, temperature, was most significantly affected by
the independent variables, namely, procedure type, pro-
cedure length, and preoperative body temperature.
Patients with higher preoperative temperatures stayed
warmer perioperatively, and those undergoing longer
procedures lost more body heat.

Physical factors that cause heat loss
One liter of intravenous crystalloid fluid at room tem-
perature (20°C) can cause a 17-kcal heat loss. One unit
of packed red blood cells at 4°C can cause a 9-kcal heat
loss. An undraped patient in a 21°C operating suite can
lose up to 50 kcal of body heat per hour. Convective heat
loss in an operating room, with 10 to 15 air exchanges
per hour, can account for a 10-kcal heat loss. Evapora-
tive heat loss, due to respiration or skin exposure, can
cause a heat loss of 12 to 16 kcal/h. With exposed vis-
cera, the patient can lose as much as 400 kcal/h.1

Negative outcomes associated with
hypothermia
Immediate patient risks associated with heat loss
include discomfort, fatigue, and shivering associated
with an increased oxygen requirement of 400% to
700%.12 The hypothermic patient is more susceptible
to coagulopathies, such as impaired platelet function
and clot formation, and impaired immune function.5,9-
11,22,23 Hypothermia can contribute to cardiac instabil-
ity,5,6 and it can delay recovery from anesthesia.5,24,25

There also can be decreased healing, including wound
dehiscence, peritonitis, and perforation, associated

with an increased incidence of infection and necessi-
tating longer hospital stays. Hypothermia also is asso-
ciated with the need for blood transfusions at a cost of
$300 to $500 per unit.12,26 There is a 3-fold increase in
the incidence of adverse myocardial outcome and sur-
gical wound infections.5,7 These increased risks are all
associated with increased costs.

The economics of heat loss
A heat loss of 1.5°C can result in cumulative adverse
outcomes. These outcomes can, in turn, add from
$2,500 to $7,000 or more to the cost of a perioperative
event.4 Promoting normothermia with the use of 1 or 2
convective warmers at $7 to $20 per application might
offset an intensive care unit stay costing more than
$1,000 per day or an increased hospital stay at a cost of
more than $465 per day.27 The use of a convective
warmer could prevent the loss of 10 kcal (convective
loss) and 50 kcal (radiant loss) of vital heat during the
perioperative course while perhaps maintaining nor-
mothermic physiology and shortening the periopera-
tive stay. Patients arriving in the postanesthesia recov-
ery area who are hypothermic require a longer recovery
period that almost certainly adds to the economic and
physiologic costs of their perioperative experience.15 In
fact, it is reported that returning to normothermia
often requires from 2 to 5 hours, depending on the
degree of hypothermia and the age of the patient.18

Estimating recovery room costs at $100 per hour sug-
gests increased patient recovery costs of $200 to $500
for a hypothermic patient (Table 3).

Interventions directed at minimizing heat loss
The use of a warming and humidification apparatus or
artificial nose on the anesthesia circuit helps maintain
or promote core body heat that otherwise would be lost
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Factor Cost

Delayed Estimated at $100 per hour for
anesthetic recovery room care, varying from 2
recovery to 5 hours5,15,18,24

Unintended $2,500-$7,0004

outcomes

Intensive care $1,000 per day27

unit stay

Hospital stay $465 per day27

Estimated costs Convection warmer, $10
of warmers per Anesthesia circuit humidifier, $5
use (estimates Intravenous fluid warmer, $10
from sales Genitourinary fluid warmer, $50
representatives)

Table 3. Costs of hypothermia
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due to room temperature anesthetic gases.28 These heat
and humidity devices come on many standardized anes-
thesia circuits or can be added to an anesthesia circuit
for approximately $5. Using such a circuit humidifier
might prevent the loss of as much as 12 kcal of evapo-
rative heat per hour in patients receiving a general anes-
thetic. Likewise, the use of an intravenous fluid warmer
costing as little as $10 per application could prevent
from 9 to 17 kcal/h in patient heat loss. The warming of
irrigation fluids, such as those used in genitourinary
procedures, could prevent 17 kcal of intrinsic heat loss
during procedures using as little as 3 L of irrigation
(although the devices cost around $50).28

At a collective cost of less than $50, except for the gen-
itourinary irrigation warmer, should all of these devices
be used for each patient? When viewed in comparison
with even a half-day hospital stay at a possible cost of
$250, use of the devices could result in a cost-benefit ratio
of 5:1 on the investment in patient comfort and physio-
logic homeostasis. It follows that patients whose temper-
atures are maintained as close to normothermic as possi-
ble will experience a more favorable perioperative course,
not only in terms of comfort level, but also in terms of
fewer adverse physiological events and costly sequelae.

Discussion
• Who is susceptible? Hypothermia can occur in all

perioperative patients, and it can be pronounced in any
anesthetized patient. Body heat loss is especially pro-
nounced in infants, children, and people older than 60
years. As a group, many of these persons have not
developed or have lost physiological thermoregulation
coping mechanisms. In addition, thin, obese, or preg-
nant people tend to lose body heat more quickly. This
type of heat loss can become pronounced due to either
a lack of tissue mass or a relatively high body surface
area. Certain operative procedures, such as open tho-
racic or abdominal procedures or gynecological proce-
dures, have an inherently large heat loss index. This
large heat loss index also is seen in genitourinary pro-
cedures that use multiple liters of fluid for irrigation.
Heat loss also is more pronounced in lengthier proce-
dures, especially those lasting an hour or more.

• How is heat lost? Patients lose a majority of their
intrinsic heat during the perioperative period by way of
exposure via radiant heat loss (60%). Additional heat
loss can occur through evaporation (20%), convection
(15%), and conduction (5%). People lose their intrinsic
heat due to exposure of body surface areas, as much as
40% to 60% occurring from the head and upper body.
Since a person’s normal temperature is around 37°C,
simply placing the person in a room at 21°C, anes-
thetized, and covered with only a cotton sheet, subjects
the person to substantial heat loss.

• What can be done to prevent heat loss? Simple inter-
ventions can be the most cost-effective for maintaining
normothermia. For example, warming the patient on
admission to the surgical clinic, surgical ward, or hold-
ing area with warmed blankets or even close-weave
coverings helps maintain perioperative normothermia
and adds to the patient’s comfort. Simply keeping the
person covered, and thereby preventing undue expo-
sure, directly limits radiant heat loss that is associated
with 60% of the total perioperative patient heat loss.
This is especially true in relation to patient exposure to
ambient operating room temperatures that greatly con-
tribute to radiant heat loss. Covering the patient’s head
with a hand towel or a thermal cap helps retain body
heat. The conscientious limitation of the skin prepara-
tion area and the volume of the cleansing solutions
helps control evaporative heat loss. In addition, the
simple use of cloth barriers limits patient contact with
cold metallic or plastic surfaces and helps conserve
body heat, thereby limiting conductive heat loss.

There are more costly heat loss protection measures
to help maintain normothermia. The patient’s perioper-
ative temperature can be improved by preoperative
warming as reported in a study in which the patient’s
core temperature was improved with preinduction
warm, forced-air techniques.29 The use of convection
warmers can provide patients with warmth they cannot
generate once anesthetized.30 As mentioned earlier, con-
vection warmers cost from $7 to $20 per application, in
comparison with the increased costs of a prolonged
recovery room or hospital stay due to hypothermia.

The use of intravenous fluid warmers helps to sustain
core temperature at a cost of around $10 per application.
This is especially important in procedures requiring
either a modest or a large amount of fluid replacement.
Irrigation fluid warmers for genitourinary procedures
also are available. As with the convection warmers, a
comparison of the potential costs of the adverse out-
comes associated with hypothermia illustrates the costs
of keeping the patient warm during the perioperative
period are relatively low when viewed against the costs
of dealing with possible adverse events associated with
patients who are allowed to become hypothermic during
their perioperative experience (see Tables 3 and 4).

Conclusions
Humans exist in a milieu termed normothermia that is at
or around 37°C. Generally heat loss occurs by exposure
through radiant (60% of total loss), evaporative (20% of
total loss), convective (15% of total loss), and conduc-
tive (5% of total loss) means. Large amounts of core body
heat are lost from the head and upper body. Heat loss is
especially pronounced in the young or old people and in
thin, obese, or pregnant patients. The most basic means



of preventing heat loss is by limiting exposure, especially
of the head and torso, which accounts for more than 50%
of the body surface area. Simply minimizing the patient’s
exposure to the operating suite’s ambient temperature
can limit heat loss by as much as 30%. A variety of heat-
generating devices are available to control the patient’s
heat loss potential. These warming devices include anes-
thesia circuit humidifiers, convective warmers, intra-
venous fluid warming circuits, and irrigation fluid warm-
ing apparatus. Perhaps the most beneficial of these is the
convection warming device, especially when used in the
upper body area.

Hypothermia is a significant risk factor for perioper-
ative complications. Whatever method is used for
maintaining or promoting normothermia, first and
foremost, it should be remembered that careful and
thoughtful actions directed at maintaining normother-
mia can significantly affect the course of the patient’s
perioperative experience.
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Close-weave coverings limit patient exposure and
reduce heat loss.3,5

Preoperative warming is associated with a warmer
perioperative experience.5,8,13

Warming devices, which actively limit patient heat loss,
include:

Humid vent apparatus5,28

Convection warmers1,5,8,15,30

Intravenous fluid warmers1,5

Irrigation fluid warmers1

Limiting the volume and area of use of skin preparation
solutions helps limit heat loss.3,5

Table 4. Hypothermia interventions


