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Temperature management under general anesthesia:
Compulsion or option

Barkha Bindu, Ashish Bindra, Girija Rath

Department of Neuroanaesthesiology and Critical Care, All India Institute of Medical Sciences, New Delhi, India

Abstract

Administration of general anesthesia requires continuous monitoring of vital parameters of the body including body temperature.
However, temperature continues to be one of the least seriously monitored parameters perioperatively. Inadvertent perioperative
hypothermia is a relatively common occurrence with both general and regional anesthesia and can have significant adverse
impact on patients’ outcome. While guidelines for perioperative temperature management have been proposed, there are
no specific guidelines regarding the best site or best modality of temperature monitoring and management intraoperatively.
Various warming and cooling devices are available which help maintain perioperative normothermia. This article discusses
the physiology of thermoregulation, effects of anesthesia on thermoregulation, various temperature monitoring sites and
methods, perioperative warming devices, guidelines for perioperative temperature management and inadvertent temperature

complications (hypothermia/hyperthermia) and measures to control it in the operating room.
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Introduction

Body temperature 1s a vital sign and is tightly regulated for
normal physiological functioning. Mean core temperature in
healthy humans is 36.5°C—37.3°C. Intraoperative inadvertent
changes in the body temperature occur quite commonly.
Incidence of inadvertent hypothermia (up to 90%) is much
higher than hyperthermia.l! Temperature fluctuations have
harmful physiological effects and can adversely affect patient
outcome. Yet, body temperature is not seriously monitored
intraoperatively; treated even more infrequently. This review
discusses the physiology of thermoregulation, temperature
monitoring sites, and inadvertent intraoperative hypothermia
and focuses on the current thermoregulation guidelines and
practical aspects of intraoperative temperature management.
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Physiology of Thermoregulation

Temperature of core compartment of the body (head and thorax)
is normally around 37°C. Periphery is typically 2°C—4°C
cooler than the core [Figure 1]. This gradient is maintained
by tonic thermoregulatory vasoconstriction. Thermoregulation
is the mechanism by which hypothalamus regulates body
temperature at a stable level. Infants regulate their temperature
remarkably well, but it is less robust in neonates and elderly.

Thermoregulation is based on multiple signals coming
from nearly every type of tissue. The processing of thermal
information occurs in three phases: afferent input, central
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regulation, and efferent responses. Figure 2 describes these
three phases.*® Hypothalamus is the primary central structure
regulating temperature. It integrates thermal input and
activates effector mechanisms which normalize temperature
by altering metabolic heat production and environmental heat
loss. Each effector mechanism has its own threshold; there
is orderly progression of responses in proportion to need,

1.e., more energy efficient responses such as vasoconstriction
are maximally utilized before metabolically costly responses
such as shivering are activated. Efferent responses include
behavioral and autonomic regulation. Behavioral regulation
is the most powerful mechanism and requires conscious
perception of body temperature; it 1s 50% mediated by
skin temperature. Autonomic responses include various
mechanisms. Sweating is the only mechanism by which body
dissipates heat in hot surroundings; each gram of sweat
evaporated dissipates 0.58 kcal of heat.

Threshold temperature is the temperature at which a
response is triggered. Thresholds for vasoconstriction
and shivering are 36.5°C and 36.0°C, respectively.
General anesthesia lowers this threshold by 2°C-3°C.
The thresholds vary daily in both sexes (circadian rhythm)
and monthly in women (up to 0.5°C). Exercise, food
intake, infection, and hypothyroid and hyperthyroid
states also alter threshold temperatures. Interthreshold

coLD WARM UNDER ANAESTHESIA range is the range over which autonomic responses are
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Figure 2: Physiology of thermoregulation
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upper end and vasoconstriction threshold at lower end
[Figure 3]. Normally, it is only a few tenths of a degree
centigrade!” (thermoregulatory zone) but increases under
general anesthesia [Figures 4 and 5].
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Figure 3: Different temperature thresholds under normal physiological conditions

Shivering

33 Non-shivering
5 thermogenesis
<4 Vasoconstriction
2 35
°
0)
Q
§ a7
>
3 Sweating
< 39 ¥ :
5 Vasodilatation
U
=

41

@,

Anaesthesia

Figure 4: Different temperature thresholds under anesthesia
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Figure 5: Interthreshold range under normal physiological conditions and
under anesthesia

Gain is the extent to which the intensity of thermoregulatory
responses increases with further deviation from the triggering
threshold. Maximum intensity is when the intensity of the
response no longer increases with further deviation in core
temperature.

Thermoneutral zone (TNZ) (range of temperature where
healthy adults can maintain normal body temperature without
using energy above normal basal metabolic rate) value is
25°C-30°C (77°F—86°F) for a naked man, standing upright,
in still air. Light clothing, body composition, age, gender,
and other losses due to radiation and convection alter TNZ.
Hence, TNZ under controlled air conditioned environment

1s around 18°C-22°C.1®

Thermoregulation under Anesthesia

Under general anesthesia, behavioral regulation 1s not relevant
since most patients are unconscious and frequently paralyzed.
Patient relies on autonomic defenses and external thermal
management for thermoregulation.””? Autonomic responses
also are markedly impaired under anesthesia; most anesthetics
increase warm response and reduce cold response thresholds.
The interthreshold range increases up to 10-fold, from 0.3°C
to about 2°C—4°C [Figures 3-5]. Temperatures within this
range do not trigger thermoregulatory defense and patients
are poikilothermic.

Table 1 shows the effects of general anesthetic agents on
sweating and cold thresholds.""'* Midazolam slightly impairs
thermoregulatory control.["! Painful stimulation can slightly
increase vasoconstriction threshold;!'® therefore, regional or
local anesthesia decreases vasoconstriction threshold.

Isoflurane!'” and halothane!'® impair thermoregulatory
vasoconstriction in infants and children. Propofol!® and
volatile anesthetics inhibit nonshivering thermogenesis. Infants
are at further higher risk of hypothermia due to large surface
area to body mass ratio.

Table 1: Effect of general anesthetics on thermoregulation

General anesthetic Sweating Cold threshold
agent threshold

Propofol Increase Linear decrease
Alfentanil Increase Linear decrease
Dexmedetomidine Increase Linear decrease
Isoflurane Slight increase Nonlinear decrease
Desflurane Slight increase Nonlinear decrease
Enflurane Slight increase Nonlinear decrease
Halothane Slight increase Nonlinear decrease

Combination of nitrous Nonlinear decrease

oxide and fentanyl

Slight increase

Clonidine Slight increase Decrease
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Hence, sweating is the best preserved thermoregulatory
defense during general anesthesia. Its threshold is only
slightly increased, and gain and maximum intensity remain
normal. In contrast, vasoconstriction and shivering thresholds
are markedly reduced, and efficacy of these responses is
diminished even after being activated.”

Measurement of Intraoperative Body
Temperature

Combination of core and mean skin temperature measurement
is required to accurately estimate body heat content.?”

Mercury-in-glass thermometers are slow, cumbersome, and no
longer recommended. Electronic thermometers use thermistors
and thermocouples. They are sufficiently accurate (£0.5°C),
inexpensive, and most dependable modality. Infrared monitors
detect heat given off by radiation and can measure temperature
from tympanic membrane and forehead skin but are less
reliable.””" Thermotropic liquid crystals incorporated in
disposable sheets are also available but less accurate.

Temperature can be monitored at various sites as described
in Figure 6.7?2! None of the existing guidelines specify
the best device or best site to monitor temperature. The
site and device selection depend on the physician, type
of surgery, and accessibility of monitoring sites. The
least invasive modality that gives a reliable assessment of

core temperature should be preferred. National Institute
for Clinical Excellence (NICE) guidelines recommend
temperature measurement at |1 h before induction, every
30 min intraoperatively, every 15 min in the postanesthesia
care unit, and every 4 h in the ward or every 30 min, if
active warming is required in the ward.

Hypothermia during General Anesthesia

Hypothermia during general anesthesia occurs from a
combination of anesthetic-induced impaired thermoregulation
(cause vasodilation,? inhibit vasoconstriction, and reduce
metabolic rate by 20%—-30%"2*) and from exposure to cold
environment [ Table 2].”" Heat transfer from the human body
occurs in four ways: conduction, convection, radiation, and
evaporation. Figure 7 describes the various mechanisms of
heat loss under anesthesia.””>?”! Radiation and convection

contribute most to perioperative heat losses.

Hypothermia under general anesthesia has three phases: initial
rapid decrease, slow linear reduction, and plateau phase as

shown in Figure 8.2

Like general anesthesia, neuraxial anesthesia also impairs
behavioral and autonomic thermoregulation. It blocks
all thermal input from anesthetized regions and reduces
vasoconstriction and shivering thresholds by 0.6°C above the
level of block.”” Reduction in these thresholds is proportional
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thermoregulatory mechanisms.

= Intermediate Sites mmmmmmp  Not reliable during rapid thermal perturbations.

Considerably lower than core temperature.
Gives reasonable reflection of core temperature
provided adequate adjustments for core to skin
gradient are made.

Figure 6: Sites for temperature monitoring
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to the number of spinal segments blocked.?"! Supplementation
with analgesics, sedatives, or general anesthesia further
impairs thermoregulation. Hypothermia during neuraxial
anesthesia 1s as severe as during general anesthesia.?” Core
temperature decreases by 0.5°C—1.0°C. The decrease may
not necessarily plateau since nerve block inhibits peripheral
vasoconstriction.??! Hence, under regional anesthesia, patients
often do not recognize being hypothermic;™ cold defenses are
difficult to trigger and are less effective.

Inadvertent Intraoperative Hypothermia

Inadvertent intraoperative hypothermia (core temperature
<36°C) is the most common perioperative thermal
disturbance. Incidence varies from 6% to 90%®***! depending
on the surgical population and demographic characteristics of
patients. Risk 1s higher with prolonged surgery, extremes of
age, extensive burns, lower preoperative temperature, severe
trauma, and major intraoperative fluid shifts.

Table 2: Causes and mechanisms of intraoperative
hypothermia under anesthesia

Cause of Mechanism

hypothermia

oT Set OT temperature and humidity

environment  Exposure of body surface

Cold irrigation fluid
Skin preparation

Cold 1 unit cold RBC can decrease body temperature by
intravenous 0.25°C-0.35°C

fluids Cold crystalloid

Anesthesia Anesthesia-induced redistribution of heat from core
to periphery
General anesthesia induced reduction in metabolic
rate by 20%-30%
Dry anesthetic gases (presence of humidifier)
Volatiles
Impair thermoregulatory vasoconstriction

Muscle relaxants
Prevent shivering

Intravenous sedatives/anesthetics
Propofol, sufentanil, and dexmedetomidine/
clonidine increase sweating threshold and
significantly lower shivering threshold
Midazolam slightly impairs thermoregulatory
threshold

Vasodilators
Promote heat loss

Regional anesthesia
Hypothalamic thermoregulation intact. Heat loss
enhanced by vasodilatation and impaired shivering
below the level of the block and cold IV fluids
Dexmedetomidine and clonidine markedly reduce
shivering threshold. Therefore, these agents are
frequently used as antishivering agents
Surgical Exposure of body cavity
technique Duration of surgery

Besides prolonging anesthetic drugs actions, hypothermia
impairs coagulation and platelet function,?® increases blood loss
and transfusion requirements,?”! increases wound infections, !
prolongs hospital stay, causes postoperative discomfort, and
increases heart rate, blood pressure, and plasma catecholamine
levels.B” Mild hypothermia is associated with threefold increase
in morbid myocardial outcomes. Harmful effects of hypothermia
on various functions are shown in Table 3.1%! Besides, extreme
vasoconstriction due to hypothermia and volume depletion may
obliterate pulse oximetry signals as well.

Postanesthetic shivering occurs in up to 40% of patients.™'
Incidence is higher in younger patients and those with low
core temperature.*?) Apparently benign, but several adverse
effects such as increased oxygen consumption of up to 100%,
raised intraocular and intracranial pressures, surgical incision
stretch causing wound pain, and morbid myocardial outcomes
are associated with it. Risk of postanesthetic shivering is
reduced by maintaining strict normothermia. Treatment
options include skin surface warming, pharmacological
treatment with meperidine (25 mg/intravenous [[V]),*]
clonidine (75 ug/IV),** dexmedetomidine,*?! ketanserin
(10 mg/IV),“" magnesium sulfate (30 mg/kg IV),"*!
tramadol, physostigmine (0.04 mg/kg IV), and
nefopam (0.15 mg/kg). The specific mechanism by which
ketanserin, tramadol, magnesium sulfate, and physostigmine
act is unknown. Meperidine reduces shivering threshold twice
as much as vasoconstriction threshold. Dexmedetomidine is
a newer agent which reduces vasoconstriction and shivering
thresholds and is very effective in reducing shivering.

Thermal Management Guidelines

ASA standards require every patient receiving anesthesia
to have temperature monitoring when clinically significant

Table 3: Adverse effects of hypothermia

Temperature (°C) Effect

30-35 Physiological attempts to increase temperature,
generation of heat: Shivering, peripheral
vasoconstriction

<36->35 Tachycardia

<35 Bradycardia, low platelet count, impaired
platelet function, impaired coagulation cascade,
altered clearance of various medications

<33 ECG changes: Increased PR-interval, widening
of QRS-complex, increased QT interval

<32 Mild arrhythmias

<30-31 Depressed consciousness, lethargy, coma

<30 “Hibernation:” Shivering ceases, marked
decrease in rate of metabolism

<28-30 Increased risk of tachyarrhythmias, beginning

with atrial fibrillation

RBC=Red blood cell, IV=Intravenous, OT=Operation theater

ECG=Electrocardiography
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Negligible since patients are in
direct contact with foam pad
which 1s an excellent thermal

msulator. Proportional to
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difference between surfaces.

Figure 7: Heat loss mechanisms under anesthesia

0.5-1.5°C fall in core temperature in 1% hour due to anaesthetic induced vasodilation
causing redistribution of heat from core to periphery. Peripheral temperature increases
from 33 to 35°C. Redistribution depends on core to periphery temperature gradient;
37 5 accounts for 81% of temperature fall.
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Figure 8: Phases of hypothermia under general anesthesia

changes in body temperature are intended, anticipated, or  general anesthesia, body temperature of pediatric patients
suspected. For office-based sedation, regional anesthesia, or  shall be measured continuously.
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However, according to a European survey by the
Thermoregulation in Europe Monitoring and Managing
Patient Temperature Study group, temperature monitoring
is done in 19.4% patients (24% in general anesthesia,
6% in regional anesthesia) and only 38.5% patients are
actively warmed (43% during general anesthesia, 28%
during regional anesthesia). Nasopharyngeal temperature
under general anesthesia and tympanic temperature during
regional anesthesia are most frequently measured and forced
air warmers (FAWs) are used for warming.™”!

The Outcomes Research Consortium guidelines state as

follows.

* Body temperature should be monitored in most patients
undergoing general anesthesia exceeding 30 min in duration

¢  Body temperature might ideally be monitored continuously;
however, 15 min intervals are probably sufficient in most
patients

*  Core temperature should be measured during spinal or
epidural anesthesia in patients whom clinicians believe
are likely to become hypothermic

* Intraoperative core temperatures should usually be
maintained >36°C unless hypothermia is specifically
indicated.

The NICE proposed Clinical Practice Guidelines for
Management of Inadvertent Perioperative Hypothermia in
Adults. They define hypothermia as core temperature
less than 36.0°C. The perioperative pathway is divided
into three phases: preoperative phase (1 h before induction
of anesthesia), intraoperative phase (total anesthesia time),
and postoperative phase (24 h after entry into recovery area
in the theater suite). They recommend assessing patients for
risk of developing perioperative hypothermia before transfer
to the operation theater (OT). Anesthesia should be induced
only after core temperature is more than 36°C. IV fluids and
blood products must be warmed to 37°C using fluid warming
device. Use of FAWSs 1s recommended to prevent and treat
perioperative hypothermia.

The ACC/AHA 2007 Guidelines on Perioperative
Cardiovascular Evaluation and Care for Noncardiac Surgery
made Class [ (Level of Evidence: B) recommendation to
maintain body temperature in normothermic range for
most procedures other than during periods, in which mild

hypothermia 1s intended to provide organ protection.!

However, 2014 ACC/AHA Guidelines on Perioperative
Cardiovascular Evaluation and Management of Patients
Undergoing Noncardiac Surgery makes Class IIb
recommendation (Level of Evidence: B) that maintenance
of normothermia may be reasonable to reduce perioperative
cardiac events in patients undergoing noncardiac surgery.””

Perioperative Thermal Manipulations

Perioperative temperature fluctuations can be minimized
by a variety of methods. Intraoperative warming, when
patients are vasodilated due to anesthetic agents, is more
effective, appropriate, and easier than treating hypothermia
postoperatively (because of vasoconstriction due to weaning
effect of anesthetics).

Preventing Redistribution Hypothermia

Preoperative warming

The initial redistribution hypothermia is difficult to treat
because flow of heat from core to periphery is massive and
transfer of peripherally applied heat to the core requires an
hour, even in vasodilated patients.”

Skin surface warming before induction of anesthesia does not
significantly increase core temperature but increases peripheral
tissue temperature and total body heat content, thus decreasing
the temperature gradient.”" NICE guidelines recommend
preoperative warming if temperature is <36°C and keeping
patient comfortably warm at 36.5°C-37.5°C. Several
studies have been carried out to evaluate the effectiveness of
preoperative warming in preventing hypothermia. Skin surface
warming for only 30 min before induction of anesthesia has
been shown to prevent redistribution hypothermia.??! Most
authors have warmed patients for an hour before induction
using FAW. Effect of prewarming for 60 min before induction
using an FAW device with temperature set at 38°C, in
patients undergoing spinal surgery under general anesthesia,
was studied. Lesser decrease in core temperature and lower
incidence of intraoperative hypothermia was seen in the
prewarmed group.”?! The efficacy of prewarming children
by increasing ambient temperature in the induction room
and OT to 26°C for 30—40 min has been found to be safe

and effective.>*

Airway heating and humidification

With use of low flow rates and semi-closed circuits, heat loss
by evaporation from respiratory system is minimal. Less than
10% of metabolic heat produced is lost through the respiratory
tract. Hence, heating and humidification of anesthetic gases
to maintain core temperature are not very effective.’
Warming intravenous fluids

Administration of large quantity of cold fluids causes significant
heat loss. One unit of refrigerated blood or one-liter crystalloid
at room temperature can reduce mean body temperature by
0.25°C.5° At flow rate <35 ml/min, warming of fluids is
not required in adults. Fluid warming is the only method
that produces direct core warming and 1s recommended
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for all intraoperative infusions =500 ml in adults. Fluids
cannot be heated to temperatures much higher than normal
body temperature; most fluid warmers deliver fluid around
body temperature. Red blood cells are stored at 4°C. Rapid
transfusion (>100 ml/min) may cause sudden decrease
in temperature with serious consequences. According to
the WHO guidelines, keeping the patient warm is more
important than warming blood; warming of blood is required
in settings of large volume transfusions (adult: >50 ml/kg/h;
children: > 15 ml/kg/h), exchange transfusions in infants and
in patients with clinically significant cold agglutinins.

Several fluid warming devices are available.
¢ Dry warming systems

¢ Countercurrent heat exchanger

e Water bath

¢ Convective air systems

e Insulators.

Delivery of warm fluids depends on the warming method
used, flow rate, and length of tubing between warmer and
patient.’”! At low flow rates (<0.5 L/h), considerable heat
loss occurs between the warmer and patient.®® At faster
flow rates (>9 L/h), limited time and surface area for heat
exchange are available, and resistance to flow through the
warming apparatus 1s high.®” Table 4 shows comparison of
various fluid warming devices.?”*8% Use of water baths or
microwave technology for warming blood is not advocated.
Resuscitation fluid warmers can warm large volumes of fluid
rapidly and have air detector system which stops infusion if
air is detected in circuit.

Cutaneous warming

The amount of heat lost through skin is roughly proportional to
the exposed body surface area.!'’ Operating room temperature
is the most critical factor that determines cutaneous losses
through radiation, convection, and evaporation. Increasing
room temperature is one way of minimizing heat loss. Room
temperature more than 23°C and 26°C is generally required
to maintain normothermia in adults and infants, respectively,

but is reported uncomfortable by most OT personnel. Some
authors recommend ambient temperatures of 21°C, 27°C, and
29°C for adults, full-term newborns, and premature newborns,
respectively.®” Revised National Accreditation Board for
Hospitals and Health Care Providers guidelines for air
conditioning in OTs require temperature and relative humidity
in OTs to be 21°C = 3°C and 40%—60%, respectively,
with a relative humidity of 55%. Appropriate display of
these conditions and minimum of 25 air changes/h with a
minimum of 4 air changes having fresh air component is
required. Airflow must be unidirectional and downward on

the OT table.[?

In the operation room, passive insulation or active warming can
achieve cutaneous warming. Passive insulation is the easiest
method of cutaneous warming but is insufficient alone.” Cotton
blankets, surgical drapes, plastic sheets, reflective composites
(“space blankets”), and sleeping bags are used. Insulation is
provided by the layer of still air trapped beneath the device.
A single layer reduces heat loss by approximately 30%; addition

of extra layers further reduces heat loss only minimally.[*

Active warming devices include circulating-water
mattresses/garments, FAWSs, resistive heating devices,
negative pressure water warming systems, and radiant heaters.
Underbody warming devices/mattresses are used for surgeries
where blankets cannot be used. However, contrary to belief,
these are not superior to over the body warming devices due
to reduced perfusion of dependent areas. Warming mattresses
have been shown to maintain temperature during prebypass
period in cardiac surgeries.'”! Besides the technology used
to maintain normothermia, intraoperative warming also
depends on age of patient, type of surgery, disease state,
and anesthetics. Table 5 gives a description of various active
warming devices.P7%¢7"1 FAWs are the most commonly tested,
recommended, and used devices for intraoperative warming.

Postoperative warming therapy
Forced air blankets and radiant heaters are most commonly
used to warm patients in postanesthesia recovery room.

Table 4: Comparison of various fluid warming devices

Device Advantage

Disadvantage

Remarks

Warming cabinets Cheap, simple

Countercurrent
warming system

No loss of heat even with low flow rates,
efficient in delivering warm fluid at patient
end compared to other fluid warming devices

Blood warmer

Dry heat
technology

Rate of heating is controlled and adjusted
as per flow rate, even small temperature
changes can be sensed, been used with good
success, no risk of contamination

Cooling of fluid with low flow rates

Infection, air embolism, dilutional
electrolyte disturbances if there is leak
within the coaxial tubing

Hemolysis causing reduced O, carrying
capacity, electrolyte disturbances

Fluid must be kept overnight
to ensure uniform warming
Warm nonsterile water
flowing around an inner
sterile infusion lumen
Maximum operating
temperature is 43°C

Uses aluminum plates to
warm fluid near patient end

Journal of Anaesthesiology Clinical Pharmacology | Volume 33 | Issue 3 | July-September 2017

313



Bindu, et al.:Thermoregulation under anesthesia

Table 5: Comparison of various cutaneous active warming devices

Device Mechanism Advantage Disadvantage Remarks
of action
Circulating Conduction ~ No ambience warming Take 2-3 times longer than forced air Heated water is passed
water mattresses warmers, nearly ineffective, cover only within a mattress, more
posterior surface, need unimpeded high  effective and safer when
thermal contact with well-perfused skin,  placed over patients rather
pressure point ischemia, limited warming than under them
capacity in lateral or lithotomy positions
Circulating Conduction  Can transfer large amounts of heat, Bulky, risk of water leakage Access both anterior and
water garments outperform forced air warmers, low posterior surfaces of body
risk of burns, no ambience warming
Forced air Convection Readily available, completely Can disrupt laminar air flow patterns, Heated air is distributed
warmers eliminate heat loss, remarkably may harbor microbial pathogens, can through a specially
safe, reduce convective and radiant contaminate surgical site, costly, warm designed blanket that
heat losses, fast warm up time, high ambience circulates warm air around
warming capacity, do not cause body;, efficacy depends on
burns, useful for rewarming blanket properties and
surface area covered
Resistive heating Conduction ~ Reusable, energy efficient, easy Can cause burns, long warm up time Low voltage electric
devices to clean, cost effective, good current is passed through
alternative to forced air warmers, semiconductive polymer
do not interfere with surgical site or carbon fiber systems to
generate heat
Negative Can cause burns, role in intraoperative Apply subatmospheric
pressure water setting questionable since already pressure with a
warming systems vasodilated thermal load improving
subcutaneous perfusion
and opening AV shunts,
promote periphery to core
transfer of heat
Radiant heaters ~ Radiation Fast warm-up time, good warming  Bulky, warm ambience, risk of burns Used in postanesthesia

capacity

recovery room

AV=Arteriovenous

Due to continued peripheral vasoconstriction, they have low
efficiency and take long time to warm patient. Intraoperative
warming is therefore ideal. Active warming is better compared
to passive warming alone in the postoperative phase also.
Active warming helps regain temperature an hour faster.
Evidence suggests that active warming with convection is
slightly superior to conductive and radiant warming in the
postoperative period too."?!

Hyperthermia and Fever

Hyperthermia is more dangerous than a similar degree of
hypothermia. It causes discomfort and increases metabolic
demand and cardiovascular stress. “Hyperthermia” indicates
core temperature exceeding normal values; “fever” indicates
regulated increase in core temperature targeted by the
thermoregulatory system.™ Passive hyperthermia results from
excessive patient heating without adequate core temperature

Ol Tt commonly occurs in infants and children

[62]

monitoring.
because sweating under anesthesia is less effective in them.
Exact incidence is not known. It is treated by discontinuing
active warming and removing excessive insulation. Fever
develops when endogenous pyrogens increase the “set point” of
thermoregulatory system. Fever is relatively rare under general
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anesthesia since volatile anesthetics™' and opioids™ inhibit
expression of fever. Perioperative fever can be due to infection,
mismatched blood transfusions, blood in fourth ventricle,
allergic reactions. Some degree of fever typically occurs after
surgery also.[”” Fever 1s treated by removing the underlying
cause, antipyretics, and finally by cautious active cooling.

Conclusions

Intraoperative temperature is still one of the least commonly
monitored vital parameters. Fluctuations in temperature occur
commonly intraoperatively, and careful monitoring, prevention,
and treatment must be imbibed into the wholesome anesthetic
plan of patients. A combined approach targeting perioperative
warming using a combination of fluid and cutaneous warming
strategies should be advocated. The site and device of
temperature monitoring may be left to the anesthesiologists’
discretion depending on the site of surgery and accessibility.
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