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Abstract

Strapazzon, Giacomo, Emily Procter, Peter Paal, and Hermann Brugger. Pre-hospital core temperature mea-
surement in accidental and therapeutic hypothermia. High Alt Med Biol. 15:104-111, 2014.—Core temperature
(Teore) measurement is the only diagnostic tool to accurately assess the severity of hypothermia. International
recommendations for management of accidental hypothermia encourage T,,.. measurement for triage, treatment,
and transport decisions, but they also recognize that lack of equipment may be a limiting factor, particularly in the
field. The aim of this nonsystematic review is to highlight the importance of field measurement of T, and to
provide practical guidance for clinicians on pre-hospital temperature measurement in accidental and therapeutic
hypothermia. Clinicians should recognize the difference between alternative measurement locations and available
thermometers, tailoring their decision to the purpose of the measurement (i.e., intermittent vs. continual mea-
surement), and the impact on management decisions. The importance of T.,. measurement in therapeutic
hypothermia protocols during early cooling and monitoring of target temperature is discussed.

Key Words: accidental hypothermia; core temperature measurement; pre-hospital triage, treatment and transport
decisions; thermometer; therapeutic hypothermia

Introduction

ACCIDENTAL HYPOTHERMIA SHOULD BE ASSESSED in any
patient with a history of cold exposure (including dur-
ing outdoor recreation or expeditions) or a disease that pre-
disposes them to hypothermia or a cold trunk (i.e., skin feels
cold to touch). Hypothermia is defined as core body tem-
perature (T.o) <35°C. Accurate measurement of T is
important in many patient care settings in order to make the
most appropriate treatment and transport decision (e.g., a
hypothermic unstable patient with systolic blood pressure
<90 mmHg or ventricular arrhythmia and T, <28°C should

be transferred to a tertiary care center with extracorporeal
circulation), or for example to obtain the targeted T, during
therapeutic hypothermia (32°-34°C). For pre-hospital man-
agement of hypothermic victims, Ty is one of the funda-
mental guiding parameters for in-field treatment and triage
decisions (Brown et al., 2012). Despite this, current practice
uses a system of staging that is based primarily on clinical
signs and symptoms, which, while being practical and ap-
plicable also by nonmedical providers, does not include di-
rect measurement of T¢ye.

In an international registry of alpine trauma cases in the
European Alps (http://traumaregistry.eurac.edu/), pre-hospital

'EURAC Institute of Mountain Emergency Medicine, Bozen/Bolzano, Italy.
Department of Anesthesiology and Critical Care Medicine, Innsbruck Medical University, Innsbruck, Austria.

104



CORE TEMPERATURE

Teore Was reported in only 9% of cases (unpublished data).
Though these data are only indicative, pre-hospital measure-
ment of T¢.. is likely not commonplace in many regions.
International recommendations for management of acciden-
tal hypothermia encourage T, measurement, but they also
recognize that lack of equipment may be a limiting factor
(Vanden Hoek et al., 2010; Brugger et al., 2013). The aim of
this nonsystematic review is to highlight the importance of
field measurement of T, and, despite the absence of reli-
able evidence-based data, to provide practical guidance for
clinicians on pre-hospital temperature measurement in acci-
dental and therapeutic hypothermia.

History of Body Temperature Measurement

The first thermometer designed for clinical use was a very
basic mouth thermometer introduced in 1612 by the Italian
Sanctorius (Haller, 1985). Fahrenheit invented a more prac-
tical device, the mercury-in-glass thermometer, in 1714, and
after further improvements in the following century, a small,
faster-reading thermometer increased the clinical practice of
temperature measurement (Haller, 1985; Guly, 2011). The
problems associated with low T, were recognized later
when thermometers could record lower temperatures (to
24°C) (Wunderlich and Seguin, 1871; Guly, 2011). Since
1967, when cardiopulmonary bypass revolutionized the
treatment of hypothermic arrested victims (Davies et al.,
1967; Kugelberg et al., 1967), pulmonary artery temperature
became the gold standard for T, measurement in patients
with severe accidental hypothermia (Walpoth et al., 1997).
Concurrently, interest in alternative, less invasive sites for
temperature measurement led to the auditory canal and
tympanic temperature (Benzinger, 1959; Brinnel and Caba-
nac, 1989), and others investigated the effect of environ-
mental factors (i.e., cold) on tympanic, esophageal, and rectal
measurement (Marcus, 1973; Keatinge and Sloan, 1975).

Underlying Pathophysiological Considerations

Normally the temperature of blood in the human heart is
37.3°C-37.6°C; the lowest reported temperature compatible
with human life is 9°C in hypothermia during cardiovascular
surgery (Niazi and Lewis, 1958) and 13.7°C in accidental
hypothermia (Gilbert et al., 2000). Under normal conditions,
temperature in the heart remains fairly constant due to ther-
moregulation, even in a person without clothing or exposed to
low ambient temperatures. In contrast, skin temperature rises
and falls with changes in ambient temperature. Skin loses
heat to the surroundings if it is warm and insulates the body if
itis cold. Heat is produced in the internal organs, especially in
the liver, brain, heart, and in skeletal muscles during exercise.
Heat loss depends on the rate of energy transfer from the core
to the skin, and this can be regulated through dilation or
constriction of the subcutaneous vessels.

With fever or at high ambient temperatures, two mechanisms
reduce T...: (i) intensive dilation of skin vessels in almost all
areas of the body by inhibition of the sympathetic centers in the
hypothalamus, and (ii) heat evaporation by sweating. In con-
trast, when the body is too cold, hypothalamic sympathetic
stimulation causes constriction of skin vessels, which has an
insulating effect that protects the deep organs from sudden heat
loss; in this case, skin temperature drops faster than T, and an
increasing gradient exists between skin and core temperature
(Guyton, 1991). Thus, in hypothermia skin temperature does
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not reflect T¢ore, and Tqr should be measured close to the inner
organs, especially the heart or brain.

In practical terms, if the skin of a patient feels warm, the
difference between external temperature and T.. are ex-
pected to be minimal and temperature can be reliably taken
externally (axilla, oral cavity, ear canal); however, the clini-
cian should consider possible bias from environmental (e.g.,
cold air) or other factors. If the skin is cold or skin temperature
is lower than normal, one should not rely on external readings
but measure T, as close as possible to the heart or brain.

Thermometer Use in the Field
Measurement location

The ideal measurement site is dependent on environmen-
tal, logistical and clinical (e.g., perfusion) factors (Table 1).
Sites for temperature measurement, in order of increasing
invasiveness, include the skin/axilla, oral cavity, tympanic
membrane, rectum, bladder, esophagus, and pulmonary ar-
tery. Measurement in the pulmonary artery is the gold stan-
dard and reflects temperature in the heart. However, the
invasiveness is limiting for pre-hospital and most in-hospital
applications. Esophageal temperature correlates well with
pulmonary artery temperature if the probe is placed in the
lower third of the esophagus, and is considered the standard
for pre-hospital measurement of T,y in intubated hypo-
thermic victims (Hayward et al., 1984; Robinson et al., 1998;
Durrer et al., 2003; Brugger et al., 2013). Measurement in the
bladder, despite widespread use and reliability for in-hospital
monitoring (Fallis et al., 2002; Shin et al., 2013), is imprac-
tical for field measurement and can be falsely low with cold
diuresis. Rectal probes should be inserted to a depth of 15 cm,
but the patient has to be partially undressed and readings may
lag behind esophageal temperature during rapid changes in
temperatures (Vanggaard et al., 1999; Giesbrecht, 2000).
Epitympanic temperature may be used in non-intubated pa-
tients if the ear canal is not obstructed (e.g., cerumen, snow)
and if the canal is insulated from ambient air (Walpoth et al.,
1994), but currently there is a need for modified epitympanic
probes more suitable for field use. Case reports of deep hy-
pothermic patients have shown that in-field epitympanic
temperature was comparable to T, measured invasively at
hospital admission (Oberhammer et al., 2008; Koppenberg
etal., 2012; Strapazzon et al., 2012), but there is still no clear
evidence for the reliability of epitympanic T, measure-
ments at low ambient temperature. Skin/axilla and oral
measurements with standard thermometers are not accurate
in hypothermic patients.

In practical terms, if a hypothermic patient is intubated, T
should be regularly recorded in the lower third of the esopha-
gus. If the patient is responsive, the use of a contact-based
epitympanic thermometer may be an acceptable alternative. If
Teore Measurement is not possible (e.g., clinical, environmen-
tal, or logistical reasons), out-of-hospital triage and treatment
decisions can be based on clinical evaluation (Brugger et al.,
2013; Lundgren et al., 2013), but the clinician should be aware
of the pitfalls of using clinical signs to infer about T¢ope.

Types of thermometers

For in-field T, measurement, the optimal thermometer
would be as minimally invasive as possible, easy to handle,
hygienic, and independent of environmental conditions, while
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still able to reflect small temperature changes and have a
short response time (Gunga et al., 2008). Unfortunately, most
commercially available thermometers are designed for in-
hospital procedures and require connection to patient moni-
tors (Table 2). Many newer V monitors are compatible with
standard probes, but the measurement range of these probes
may be suitable to detect only mildly hypothermic (e.g.,
>32°C) patients. There are several hand-held, infrared-based
tympanic devices commonly used for in-hospital applications;
they are not reliable for use in a cold environment. There are no
lightweight, hand-held devices tailored to T, measurement
in deep hypothermic victims and designed to withstand ex-
posure to cold ambient temperatures. Pre-hospital use of most
available thermometers falls outside the tested operating
conditions, since standard sensors have either been validated
in-hospital in relatively stable conditions, or during cold ex-
posure but in normothermic, conscious, and healthy volunteers
(Table 2). The user is responsible for understanding the tech-
nical limits of the device and the sources of error associated
with the device and the measurement site.

In practical terms, choose an autonomous device if con-
nection to a patient monitor is not possible (e.g., terrestrial-
based rescue) and monitor-compatible probes if a monitor is
available (e.g., air- or ambulance-based rescue). Consider
that esophageal and epitympanic probes react more promptly
to changes of T, than measurements in the bladder and
rectum and are more suitable for out-of-hospital emergency
situations. The optimal probe will be a compromise between
invasiveness and ease of use.

Implications of T, Measurement
for Accidental Hypothermia

On-site hypothermia staging

Though direct measurement of T, iS optimal to assess
the severity of hypothermia accurately, common classifica-
tions schemes use descriptive stages based on clinical signs
and symptoms to infer actual T, (Table 3). These systems
differ slightly in the cut-off temperature between stages. The
Swiss system is based on evaluation of consciousness, shiv-
ering, and vital signs (stages HT I to HT IV) and can be used
also by nonmedical providers (Durrer et al., 2003). The
clinical manifestation of accidental hypothermia is typically
a progressive deterioration from mild neurologic impairment
to cardiac instability to loss of vital signs. However, the
disadvantage of descriptive staging is that the level of con-
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sciousness varies widely among patients at a given T, and
therefore it is difficult to recognize the temperature thresh-
olds for risk of cardiac arrhythmias or cardiac arrest (Vanden
Hoek, 2010; Brown et al., 2012). Also, vital signs can be
present in hypothermic patients despite T <24°C (Pas-
quier et al., 2014). Moreover, hypothermia is often compli-
cated by associated injuries or illnesses such as traumatic
brain injury or intoxication (Danzl and Pozos, 1994).

In practical terms, Ty does not always correspond to a
patient’s clinical presentation or level of consciousness. Clin-
icians should consider other underlying reasons for signs and
symptoms and preferably rely on direct T, measurement.

Early assessment of afterdop

Afterdrop is defined as continued core cooling after re-
moval of a hypothermic patient from the cold environment. It
is possible that both general circulatory changes (i.e., con-
vection of heat by blood from the cooler peripheral tissue to
the warmer central organs) as well as temperature equili-
bration (i.e., conduction of heat from the warmer core to the
cooler peripheral tissue) contribute to this temperature drop
(Giesbrecht and Bristow, 1992). The occurrence of afterdrop
has been inferred from studies on regional temperature var-
iations in the body (rectal vs. pulmonary/esophageal) and
its pathophysiological mechanisms were clarified by dis-
crepancies in temperature change during cooling and re-
warming (Romet, 1988; Giesbrecht and Bristow, 1992; Opatz
et al., 2013). Rescue personnel should be aware of this phe-
nomenon, in particular when rescuing victims of cold-water
immersion or when using infusion of cold fluids for volume
resuscitation.

In practical terms, avoid T, measurement with a rectal
probe because of the delay in response to changes in body
temperature. Epitympanic temperature may be a valid alter-
native. Esophageal temperature will provide the fastest and
most reliable measurement both for diagnostic and moni-
toring purposes. Meanwhile, rescuers should keep the victims
horizontal and move them gently.

Triage and transport decisions

Although all cardiac arrhythmias may occur already with
Teore <32°C, cardiac arrest is likely with Ty <28°C (Du-
guid et al., 1961; Grueskin et al., 2007; Paal et al., 2013).
Below 28°C, a patient with circulation should be considered
at risk of imminent cardiac arrest and should be, similar to all

TABLE 3. STAGING OF HYPOTHERMIA

American Heart Association®

Danzl®

Swiss®

>34°C Mild hypothermia

34-30°C  Moderate hypothermia 32 to >28°C

<30°C Severe hypothermia 28 to >20°C

<20°C

37.6 to >32°C  Mild hypothermia
Moderate hypothermia
Severe hypothermia

Severe and profound
hypothermia

35-32°C  Hypothermia I (clearly
conscious, and
shivering)

Hypothermia II (impaired
consciousness, without
shivering)

Hypothermia III
(unconscious)

Hypothermia IV (minimal
vital signs or apparent
death)

<32-28°C

<28-24°C
<24°C

*Vanden Hoek et al., 2010; ®Danzl, 2012; “Durrer et al., 2003; Gordon et al., 2014.
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hypothermic arrested patients deemed eligible for extracor-
poreal rewarming, primarily transported to an CPB/ECMO
center (Brown et al., 2012; Brugger et al., 2013). Despite
occasional cases of successful defibrillation, defibrillations
may be unsuccessful if T,y <30°C (Vanden Hoek et al.,
2010). For completely buried avalanche victims in asystolic
cardiac arrest, T,y should be measured if burial time is
unknown: with T.y,e <32°C and an obstructed airway, as-
phyxia should be presumed and resuscitation withheld
(Brugger et al., 2013). In a mass avalanche accident, priority
for transport and treatment should be given to those victims
with higher T (Brugger et al., 2013).

In practical terms, T, and ECG monitoring are equally
important and required to make on-site triage and treatment
decisions based on recommendations. A pre-hospital monitor
that allows connection to standard temperature probes (not
standard skin sensors) should be used.

Implications of T..e Measurement for Therapeutic
Hypothermia

Therapeutic hypothermia was first described in the early
1950s (Belluci, 1953) and has since become the keystone in
the treatment of cardiac arrest patients with return of
spontaneous resuscitation (ROSC) (Pederby et al., 2010;
Nolan et al., 2012; Scirica, 2013). In the last years, research
on therapeutic hypothermia has been extended to other
fields of emergency medicine such as cerebral ischemia,
myocardial infarction, aneurysmal subarachnoid hemor-
rhage, and traumatic spinal cord injury (Karibe et al., 2000;
Abou-Chebl et al., 2011; Testori et al., 2013; Wilson et al.,
2013). Guidelines suggest cooling as soon as possible after
ROSC (Pederby et al., 2010) and only recently, the potential
additional benefit of pre-hospital cooling has been investi-
gated (Diao et al., 2013; Kim et al., 2014). Heterogeneity in
Teore measurement location has been highlighted (Diao
et al., 2013); measurement and monitoring have been per-
formed pre-hospitally with epitympanic and esophageal
probes (Kim et al., 2014) and intra-hospitally with esoph-
ageal, rectal, bladder, brain, or pulmonary artery probes
(Karibe et al., 2000; Abou-Chebl et al., 2011). During
therapeutic hypothermia protocols, it is mandatory not only
to assess the target T..., but also to maintain the target
temperature within a narrow range. Temperature <32°C
increases the risk of further cardiac instability (Vanden
Hoek et al., 2010) and experimental animal studies have
shown that high temperature, even a minimal rise, can have
detrimental effects on neuron functioning (Lei et al., 1994;
Wass et al., 1995).

In practical terms, in the field T, monitoring with epi-
tympanic or esophageal probes is recommendable for early
application and monitoring results of therapeutic hypother-
mia protocols. Harmful effects can arise with cooling to
<32°C (e.g., if external and endovenous cooling procedures
are combined), and untreated increase in T.ye.

Future Perspectives

Apart from invasive T, measurement sites, a reliable
T.ore measurement device for conscious patients in the field is
currently not available. Though epitympanic temperature
may have advantages over other noninvasive sites, suitability
remains a problem—a previous epitympanic thermometer is
no longer produced (Walpoth et al., 1994) and newer com-
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mercially-available probes may be used in-hospital but are
not reliable in cold ambient temperatures (Strapazzon et al.,
2013). Further developments in technology and/or design of
epitympanic probes may be of interest. A new hand-held
device for measurement on the skin has recently been de-
veloped and is able to monitor regional temperature differ-
ences of the two main target organs (i.e., brain and heart;
Gunga et al., 2008; Kimberger et al., 2009). Studies with this
device in cold patients and in nonstandardized conditions are
ongoing (Werner et al., 2010; Zeiner et al., 2010; Opatz et al.,
2013).

Reliable and continuous pre-hospital T, measurement
could increase use in the field and compliance to guidelines
and consequently lead to improvements in pre-hospital
management of accidental and therapeutic hypothermia.
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