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Perioperative Temperature Monitoring
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ody temperature is among the classical vital signs, and

for good reason, since thermal perturbations both
cause and indicate disease. Aside from infectious fever,
hypothermia during surgery is the most common tem-
perature disturbance. Temperature monitoring and thermal
management are therefore key responsibilities for anesthesia
professionals. Detailed reviews of thermoregulation,' heat
balance,? and consequences and treatment of hypothermia®
have been published in this journal. There are dozens of
clinical indications for temperature measurement, but this
review will focus on those most relevant to anesthesia.

Body Temperature

Normal human core body averages about However,
there is a superimposed with roughly a
Normal core body temperature thus varies from

(usually about
. In premenopausal women, there are

to about
imposed changes in temperature with the
with core temperature being about
the-phase.

Body temperature is -_5 The thermal
core consists of highly perfused central tissues, mostly the
and

% But even the core is not uniform; for
temperature is abou

example,

than most other core tissues. temperature is therefore

the averaie temierature of core tissues, ierhais r

tem-
characterize body temperature, but

because it is the

and is probably the major determinant of temperature-re-
In hospital environments, the

lated complications.
all
than the - and the surface is i

Skin temperature varies considerably as a function of
ambient temperature, air speed, and peripheral perfusion.®’
A downward thermalﬁ from thei to peripheral
tissues to the-surface is necessary so that heat generated
in the core can flow to the skin and be ﬁ to the

environment.

are usu

surface can be used to

evaluate and

to Hand skin temperature

is therefore usually mORitored during neuromuscular block

i Skin temperature can also help evaluate sympa-
thetic blocks, and to assess regional inflammation and per-
fusion. Muscle temperatures are also used to determine
peripheral compartment temperatures and regional dis-
tribution of body heat.’ body
estimated from the combination of

can be

and
temperatures.''

Why Core Temperature Should Be Monitored

- temperature _ is appropriate during most
general anesthetics both to facilitate “

perthermia and hypother-

Crisis,
the diagnosis. For example, Larach ef al.
estimated that the risk of dying after a malignant hyperther-
mia crises was an order of magnitude higher in unmoni-
tored patients, presumably because temperature monitoring

facilitated speedy diagnosis.'?
Mos: GHOBERENG

malignant hyperthermia. Other,

does not result from

include excessive warming, infectious fever,

and transfu-

sions. Because hyperthermia has so many serious etiolo-

gies, any perioperative hyperthermia requires diagnostic
attention.

erioperative thermal distur-

Randomized trials show
causes serious complications
and
postanes-
' Maintaining normothermia during sur-

thetic
gery has therefore become routine.

especially reducing the thresholds (trig-

gering core temperature) for the major cold defenses,
which are and -

-7’17 Thermoregulatory impairment combined with a
ing room environment and surgical exposure

anesthesia also impairs thermoregulation, largely
SiocunsEton 3 NG 1 o
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CLINICAL FOCUS REVIEW

regions.'® Hypothermia is thus

(for a given

type of surgery)'”—and is presumably equally harmful.
Recognizing that temperature monitoring may be

impractical during short cases, the general consensus is that

anesthesia
In contrast,

imally impair thermoregulatory control and
substantive i Furthermore, neither approach

triggers malignant hyperthermia. Temperature monitoring

is thus not normally required during sedation or for periph-
eral nerve blocks.

Types of Thermometers

The word thermometer is derived from the Greek thermos
(meaning hot) and metron (meaning measure). Several
inventors, most notably Galileo Galilei, developed ther-
mometers at the end of the 16th century. However, none of
these devices were calibrated and could therefore only be
used to estimate relative temperature differences.

The first calibrated thermometer was developed by the
astronomer Olaus Roemer. That alcohol-based thermom-

eter was considerably improved by contemporary physicist
who in -

A decade later, he developed the eponymous scale
point for F

and

Although the Fahrenheit scale is still used in the United
States and a few small countries, of the uses the
scale developed by which is also
referred to as the centigrade scale because it divides tem-
peratures between the freezing and boiling points of water
into a hundred degrees. The only other commonly used
scale, again eponymous, was developed by it
but otherwise uses

Although fever has been recognized as a sign of illness
since antiquity, thermometry was not incorporated into
clinical practice until 1868, when Carl Wunderlich pub-
lished temperature measurements on more than 25,000
patients, correctly concluding that normal body tempera-
ture typically varies £0.5°C from about 37°C.

Most clinical thermometers report the temperature of
their sensors to within a few tenths of a degree Celsius
without user calibration, which is perfectly adequate for
clinical use. While there are dozens of kinds of thermom-
eter, only four are generally available for perioperative use.

Thermistors and Thermocouples

are whose resistance
with Because the rela-

tionship is consistent for a given type, resistance can be

Anesthesiology 2020; XXX:00-00

converted to absolute temperature. The conversion soft-
ware for standard YSI 400 thermistors is incorporated into
all multifunction anesthetic monitors.h

In practice, ther-

are based on the
discovered in 1831 by Thomas
mocouples are

that generate a

because the relationship is consistent for a given metal
combination, the i can be to

arious metals can be used, but most medical
thermocouples are (“Type

inexpensive and sensitive in the relevant range._
is a fragile hermocouples are perfectl
s o i G o

satisfactory for

use because the constantan wire fractures.

The production cost of thermistors and thermocouples
is perhaps a few cents each, although surrounding materials,
such as an esophageal stethoscope, and sterile or clean pro-
cessing add cost. Most are labeled for single use, but there

is no particular contraindication to reuse with appropriate
or become progressively less accurate. Instead, they sim-
plyiat some point, usually when a connecting

wire fails.

Infrared

All substances
in the
emissivity of the and on its
-’ (ideal surfaces)
light and emit characteristic frequencies that
on their according to he term
refers to the fact that and thus

to until temperature reaches about 500°C
of degrees. At 1,000°C, a black body appears red, and it
becomes white at about 5,000°C. Fortunately, the lethal
gamma rays produced at tens of millions of degrees in the
center of the do not make it to the

, usually
depends on

incident

which is

tissue (of any color) has an emissivity similar to a

of the relevant surface.

The great advantage of infrared thermometry is that
« RS -1 2751

cations include determining the temperature of molten
metal, the temperature of stars, and —
i In a clinical context, tissue temperature,

say of an organ surface during surgery, can be measured
without direct contact and risk of contamination. Infrared
imaging can be used to simultaneously assess skin tempera-
ture over the entire visible surface, which can be useful for
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evaluating the effect of various warming systems or where
heat is being lost or gained during various environmental

exposure conditions.

Zero Heat Flux

was developed by Fox and
Solman in Roughly speaking, these devices consist
of two thermometers separated by an insulator, covered by
a heater. One thermometer is positioned between the skin
surface and the lower surface of the insulator, and the other
between the upper surface of the insulator and the heater.

The temperature of the heater is servo-controlled to kee
both thermometers at the same temperature.

Because there is no tempera-
ture gradient across the insulator, there can be no flow of
heat. The entire system thus becomes a perfect insulator.

Normally, there is a thermal gradient from the body core
(trunk and head), where most heat is generated to the skin
surface. On average, this gradient is required since it would
otherwise be impossible to dissipate core heat. In the pres-
ence of a zero-heat-flux thermometer, heat flowing toward
the covered surface cannot escape through the perfect insu-
lator and therefore accumulates below the device. In theory,
after some minutes of equilibration, a column of tissue at
the same temperature will extend from the core to the skin
surface below the zero-heat-flux thermometer. When these
conditions are met, the temperature of the patient’s core
and thermometer are identical (fig. 1).*'

In practice, the assumptions of zero-heat-flux thermom-
etry are never exactly met because the column of tissue
connecting the core to the skin surface and thermometer
is disrupted by lateral convection of heat by flowing blood.
The depth of the column depends on the width of the
servo-controlled area (larger area deepens the column) and
regional blood flow (greater flow makes the column shal-
lower). Typically, the column extends about a centimeter
below the skin surface. Fortunately, there are body regions
where core temperature usually extends to within about a
centimeter of the skin surface. The forehead is one such area,
and is the site most used for zero-heat-flux thermometry.

For decades, the only commercial zero-heat-flux ther-
mometer was made in Japan by Terumo and was not avail-
able in North America or Europe. That product is no longer
sold. The only zero-heat-flux thermometer now available is
from 3M (USA). It has been evaluated by various investiga-
tors and typically shown to have 95% limits of agreements
of about £0.7°C so long as core temperature perturbations
are relatively slow.?>*

Recently, systems have been developed that do not
include a heater, instead using proprietary algorithms to
estimate core temperature from the difference in tempera-
ture across a known insulator.”? Such systems are presum-
ably sensitive to ambient temperature changes, including

those resulting from clinical warming systems. Additional
validation remains necessary to confirm that they work reli-
ably across various clinical conditions.

Temperature [Monitoring Sites

Most clinical thermometers accurately report their own

temperature, and usually the temperature of adjacent tis-
sue. It is generally accepted that the _

of a site/thermometer combination designed to estimate
core temperature ﬂ from
temperature. A basis for accepting this range is
that it and that
smaller deviations have never been shown to provoke harm.

The difficulty is that tissue temperature varies considerabl
from region to region.

than from inaccuracies in the

The temperature of the core thermal co

mpartment can be
evaluated in the ] e

or because each site is well

perfused with blood from the core. Even during rapid ther-
mal perturbations (e.g., cardiopulmonary bypass), these tem-
perature-monitoring sites remain reliable—although there
may be transient real differences among them.

when

esophageal monitoring is precluded for surgical reasons or
blocked by a supraglottic ai

rway. Nasopharyngeal probes
need to be inserted between

to accurately estimate core temperature in adults—which is

membrane to insert

than ienerall appreciated because the is several

and is - difficulty is that
pati

ents and clinicians inserting thermistors or thermocou-
1+ EEERRR AR .. 1. (oo

membrane and thus do not insert the probes far enough
to reach the membrane itself. This problem is aggravated
because many commercial probes are too flexible to negoti-
ate the length of the aural canal. The risk of puncturing the
tympanic membrane is negligible; the far more common

problem is that probes are not inserted sufficiently far,
in an inaccurate core temperature estimate.

Consequently,
from the tympanic mem-

resultin,

The

brane are For example, incorporating an infrared

30,31

sensor into an earphone appears reliable,””! although such

Anesthesiology 2020; XXX:00-00
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CLINICAL FOCUS REVIEW

This point is the same

temperature... ..as this point

Isothermal
tunnel

Fig. 1. onsist of separated by an covered by a heater. One thermometer is positioned
between the skin surface and the lower surface of the insulator, and the other between the upper surface of the insulator and the heater. The
temperature of the heater is servo-controlled to keep both thermometers at the same temperature. Because there is no temperature gradient
across the insulator, there can be no flow of heat, making the entire system a perfect insulator. Normally, there is a thermal gradient from
the body core, where most heat is generated to the skin surface. In the presence of a zero-heat-flux thermometer, heat flowing toward the
covered surface cannot escape through the perfect insulator and therefore accumulates below the device. In theory, after some minutes of
equilibration, a column of tissue at the same temperature will extend from the core to the skin surface below the zero-heat-flux thermometer.

When these conditions are met, temperature of the core and thermometer are identical. Because of lateral convection of heat bi bIood| the

column ﬁiically extends only about a centimeter below the skin surface—but

systems are not

and therefore
s normally used, that is directed into

the aural canal, infrared aural canal “tympanic membrane”
,

systems have become so

Core temperature can also be obtained from ingested
capsules that transmit temperatures to a nearby antenna,
usually worn as a vest. These systems are rarely used for
routine practice, but are invaluable when it is necessary to
reliably measure core temperature over days, say for studies
of circadian rhythms.*

There are various sites that, under appropriate circum-
estimate core temperature.

stances, reasonabl

temperatures, for example, are

temperature.*
-or most patients _ from

Anesthesiology 2020; XXX:00-00

sophisticated axillary thermometer measures temperature
at the skin surface and on the reverse side of the device,
allowing it to compensate for changes in arm position and
ambient temperature.”
In contrast,

thermal perturbations.
temperature when

temperature especially
" The “intermediate” nature of these sites
can be helpful for assessing the adequacy of peripheral
rewarming during cardiopulmonary bypass. But they are

oor indicators of core temperature. For example, consider
hthe size of adult humans havin,

mia crises.

temperatures were nearly and the animals
but
Rectal temperature therefore completely failed in one of
its key purposes, helping diagnose malignant hyperthermia
(fig. 3).* Rectal temperature also often fails to accurately
reflect core temperature under other circumstances includ-
ing heat stroke.?”* There is probably less of a lag between
core and the bladder or rectum in infants and small children,

making both sites reasonable for many pediatric indications.

temperatures were essentially

Copyright © 2020, the American Society of Anesthesiologists, Inc. Unauthorized reproduction of this article is prohibited.
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Difference between nasopharyngeal
and esophageal temperature across
probe depths

Mean difference in temperature (+ 2 SD)
(Nasopharyngeal - Esophageal Temperature)
=
1

-2

T T T T T T T T
2 4 6 8 10 12 14 16 18 20

Nasopharyngeal probe depth (cm)

as a function of
in adult surgical patients.

ratures were accurate at insertion depths
defined by being within +0.5°C of esoph-
ageal temperature. Reprinted with permission from Wang et al.?®

Skin

Skin temperature is determined by the

from the surface is mostly

‘While each type of heat
loss is controlled by different mostly nonlinear equations,
cutaneous heat loss is
over

small ranges.
Skin surface temperatures are considerabl

than core temperature*';

ture in hospital environments. Unfortunatel

. The main determinant of
change is ambient temperature rather than vasomotion.®
Consequently, simply adding a fixed
as 2°C, to skin temperature does

such

A special case of skin temperature monitoring is temporal
artery thermometers. These are infrared skin surface ther-
mometers that record skin temperature at approximately

Esophageal

40

28, Axilla
Teomp Rectal

(0 3. §
‘ ’./".‘._,.. Forehead
341 Hfﬂa#r"
0 5 30 5 6
Elapsed Time (min)

Fig. 3. the size

of adult humans were given halothane and succinylcholine at
elapsed time 0. Within 15min, arterial partial pressure of carbon
dioxide exceeded 90 mmHg, and arterial pH was less than 6.9.

temperatures did Rectal and skin temperature
alignant hyperthermia crises.
Modified from laizzo et al. with permission.*

10 Hz and detect the highest temperature as the device is
scanned across the forehead, including the region of the
temporal artery. The theory is that the blood in the tem-
poral artery is near core temperature and, therefore, that
supervening skin temperature will also approximate core
temperature. While the theory is attractive, device accuracy
is inconsistent.”** As with infrared aural canal thermom-
eters, their popularity seems unfortunate.

Conclusions

Nearly -atients become

eneral or neuraxial anesthesia, and the

There is
causes seri-

considerable evidence that

Temperature monitoring guides perioperative
thermal management and helps detect fever and malignant
hyperthermia.

Medical thermometers accurately estimate temperature
of adjacent tissue; the difficulty is that

and that tissue temperatures in

ractical temperature monitor-
ing sites during general anesthesia. Both are sites,
and they are both resistant to artifact. suitable

for neuraxial anesthesia and postoperative care include
and along with

Uncompensated skin temperature or skin tempera-
ture adjusted by ways

Anesthesiology 2020; XXX:00-00
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CLINICAL FOCUS REVIEW

of estimating core temperature. Temporal artery scanning
and infrared aural canal thermometers are also inconsistent.

in adults
because they can substantially temperature during
rapid thermal perturbations.

In summary, most unwarmed surgical patients become
hypothermic, and hypothermia causes complications. The
purpose of temperature monitoring is to detect thermal
disturbances and maintain appropriate body temperature
during anesthesia. Core body temperature should be mea-
sured or reliably estimated in most patients given general
or neuraxial anesthesia for more than 30 min. Unless hypo-

thermia is specifically indicated (e.g., for protection against

Information Sources

The author supplemented his personal collection of pub-
lished temperature-related articles (n > 2,250) with a search
of the Medline database (years 2009 to 2019). The specific
search terms were as follows: ((Perioperative Period[MeSH]
OR  Perioperative Care[MeSH] OR  perioperative]title]
OR preoperative[title] OR  intraoperative[title] OR post-
operative[title) AND (Body Temperature[MeSH] OR tem-
perature(title]) AND (Physiologic Monitoring[MeSH] OR
monitor*[title])) AND ((Perioperative Period[MeSH] OR
Perioperative Care[MeSH]| OR perioperative[title] OR pre-
operative|title] OR intraoperative|[title] OR postoperative|ti-
tle) AND (Thermometry[MeSH] OR “zero heat flux”[title]
OR thermomet*[ti] OR thermistor*[title] OR thermocou-
ple*[ti])) AND (Intraoperative Monitoring[MeSH| AND
(Body Temperature[MeSH] OR temperature]title])).

Apparently relevant references from within citation lists
were also considered. All articles were considered; those
with the most robust methodology and largest sample
size were given most weight. In general, the most reliable
evidence is cited, with the most recent being cited when
comparable articles provide evidence for a given point.
Major reviews are cited to provide additional details and
references. Articles were selected for citation based on the
author’s impression of their importance.
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