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Abstract

Background: Rapid stratification of the risk of cardiac arrest is essential in the assessment of patients with isolated
accidental hypothermia. Traditional methods based on measurement of core temperature are unreliable in the

field. Behavioural observations have been used as predictors of core temperature and thus indirect predictors of car-
diac arrest. This study aims to quantify the direct relationship between observed conscious level and cardiac arrest.

Methods: Retrospective case report analysis identified 114 cases of isolated accidental hypothermia meeting inclu-
sion criteria. Level of consciousness in the acute assessment and management phase was classified using the AVPU
system with an additional category of “Alert with confusion”; statistical analysis then related level of consciousness to
incidence of cardiac arrest.

Results: All patients who subsequently suffered cardiac arrest showed some impairment of consciousness

(p< <.0001), and the risk of arrest increased directly with the level of impairment; none of the 33 fully alert patients
arrested. In the lowest impairment category, Alert confused, a quarter of the 12 patients went on to arrest, while in
the highest Unresponsive category, two thirds of the 43 patients arrested. Where core temperature was available (62
cases), prediction of arrest by consciousness level was at least as good as prediction from core temperature.

Conclusions: This study provides retrospective analytical evidence that consciousness level is a valid predictor of car-
diac arrest risk in isolated accidental hypothermia; the importance of including confusion as a criterion is a new find-
ing. This study suggests the use of consciousness alone may be at least as good as core temperature in cardiac arrest
risk prediction. These results are likely to be of particular relevance to the management of accidental hypothermia in

the pre-hospital and mass casualty environment, allowing for rapid and accurate triage of hypothermic patients.

Introduction

It is well established that patients with isolated acciden-
tal hypothermia are at risk of cardiac arrest [1]. In Eng-
land and Wales between 2013 and 2018 there were 330
deaths from ‘exposure to excessive natural cold’ (Office
for National Statistics), whilst in the United States an
average of 1301 deaths/year occurred between 1999 and
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2011 [2]. The fundamental cause of death in hypothermia
is the level of critical brain hypoxia. The fall in brain oxy-
gen-consumption at lower core temperatures provides
some resilience to low or no cardiac output states [1, 3,
4], but the brain cannot withstand hypothermic cardiac
arrest indefinitely. It is therefore vital to try to main-
tain any ongoing cardiac output during initial patient
management.

Hypothermic patients have a susceptibility to ‘rescue-
collapse’ Traditionally described in water rescue, this
sudden deterioration of the patient on initial manage-
ment by first responders is frequently seen in the land
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environment [5-7]. The pathophysiology behind res-
cue-collapse is not entirely understood, but is likely a
combination of ‘afterdrop;, catecholamine changes, and
movement induced arrhythmias in an unstable myocar-
dium [8-16]. Rapid stratification of risk of cardiac arrest
in these patients would have two main benefits. Firstly,
accidental hypothermia is often encountered in remote
areas including backcountry environments, military
operations/exercises, and expeditions; the ability to effi-
ciently triage hypothermic patients and decide who can
be managed in the field with low risk of cardiac arrest is
invaluable in appropriate logistic asset allocation. Sec-
ondly, having an early appreciation of cardiac arrest risk
can guide initial management decisions towards main-
taining a perfusing rhythm.

Traditionally, methods to stratify the risk of cardiac
arrest have been based on core temperature [1, 17-19].
In the pre-hospital environment, reliable measurements
of core temperature are often not accessible. Infrared
tympanic probes are generally considered unsuitable for
field use because the sensors are not calibrated in low
core temperature [20]. Low reading core temperature
thermometers may not be in use and, when available,
many have methodological issues. Rectal probes require
exposure and handling of the patient possibly resulting in
further drops in core temperature (thermoneutral tem-
perature for an unclothed human is 28 °C) [21] and/or
movement induced arrhythmias [15]. In addition, rectal
temperatures can lag behind true core temperature by up
to an hour during warming and cooling and it has been
suggested they are unsuitable for monitoring afterdrop
[20, 22, 23]. Epitympanic thermistor probes may give
falsely low values in patients with unstable circulation
and require both modification and validation for pre-hos-
pital use [4, 20, 24—26]. Oesophageal probe temperature,
when placed in the lower 1/3 of the oesophagus, closely
correlates with pulmonary artery temperature and should
be the gold standard in patients with a secured airway [9].
However this is usually only appropriate for patients with
reductions in consciousness. These factors, combined
with the requirement to make rapid early management
decisions, support the necessity for a clinical assessment
tool as an adjunct to the initial patient evaluation.

Given the increased likelihood of cardiac arrest with
lower core temperature [21], the well-known Swiss-Stag-
ing Model of hypothermia uses vital signs at presentation
to estimate core temperature (as a surrogate for cardiac
arrest risk) from clinical indicators only (Table 1) [19].

There are a number of issues with this assessment
tool. Its ability to estimate core temperature has been
shown to be unsatisfactory [18]. Shivering is a noto-
riously unreliable sign, continuing with a core tem-
perature at least down to 28-30 °C [23, 28]. Many
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Table 1 Swiss staging of hypothermia, Brown et al. 2012 [27]

Stage Brown et al. [27] symptoms/signs Typical core
temperature
Q)

HTI Conscious, shivering 32t035

HT I Impaired consciousness, not shivering 28t0<32

HT Il Unconsciousness 2410<28

HT IV No vital signs <24

studies have described patients with a core tempera-
ture of below 24 °C with vital signs [7, 29-31]. For these
reasons the Wilderness Medical Society guidelines on
accidental hypothermia, 2014 & 2019, advise against
relying on the Swiss-Staging system [21, 32]. This is fur-
ther supported by the most recent adaption of the Swiss
System by the International Commission for Mountain
Emergency Medicine (ICAR MedCom) [33].

Hypothermia is a clinical continuum with much
interpersonal variation. Stratifying the risk of cardiac
arrest by estimating the patient’s core temperature from
the presenting clinical picture is not plausible because
of the variance in individual response to specific core
temperatures. Instead, directly predicting cardiac arrest
risk from clinical features is preferable.

A retrospective case report analysis from Pasquier
et al,, reviewing 183 cases of accidental hypothermia for
concordance between traditional Swiss-Staging classi-
fication and measured core temperature, demonstrated
that no patients in their subgroup analysis with a nor-
mal conscious level (defined as ‘HT1’) suffered cardiac
arrest [18]. However, given that their primary endpoint
was the correspondence between core temperature and
Swiss-Stage, no further conclusions regarding the use of
conscious level as the predictor were drawn. In addition,
Frei et al. undertook a systematic literature review of wit-
nessed cardiac arrest in hypothermia to assess for clinical
characteristics and outcomes in this patient group [34].
Crucially, all of the patients who had their GCS recorded
(n=24) who arrested had a GCS<11—this GCS was
referred to as ‘Pre-Cardiac Arrest GCS” with no further
information on timing of this assessment given.

The initial hypotheses of this study are therefore:

1. The risk of cardiac arrest is directly proportional to
conscious level. Categorising hypothermia by level
of consciousness is more appropriate and clinically
repeatable for the management of hypothermic
patients than traditional assessment by clinical esti-
mation of core temperature.

2. The following proposed novel clinical stages will
more accurately predict the risk of cardiac arrest,



Barrow and Ives Scand J Trauma Resusc Emerg Med (2022) 30:13

making management decisions easier, clearer and
safer than previous assessment tools:

3. Cold stressed with no risk of cardiac arrest Patient
Alert with normal cognition

4. Hypothermia with low risk of cardiac arrest Patient
alert but has signs of altered cognition

5. Hypothermia with significant risk of cardiac arrest
Patient has significant reductions in conscious level
(V,BU)

These hypotheses are partially supported by the recent
ICAR MedCom ‘Revised Swiss-System’ [33]. This system
applies a three point ordinal scale of low; ‘medium; and
‘high’ risk of cardiac arrest based on conscious level as the
primary element for staging, without attempt to quan-
tify this risk further. The indirect argument presented is
based on Pasquier et al’s study which demonstrates that
haemodynamic and conscious level parameters correlate
with core temperature, the latter showing the highest
correlation (Spearman’s rho = 0.78) [35]. It is worth not-
ing that this correlation is not the strongest, with a GCS
of 5 being associated with a core temperature between 20
and 31 °C and a GCS as high as 14 being associated with
a core temperature from 25 to 34 °C.

Testing the above hypotheses of this study aims to pro-
vide direct evidence for conscious level as an independ-
ent risk stratification tool in the initial assessment of
patients with isolated accidental hypothermia. A retro-
spective case report analysis was conducted to look for
correspondence between conscious level on arrival of
medical support and cardiac arrest in the isolated acci-
dental hypothermia patient group.

Methods

A systematic literature review was undertaken to identify
patients with isolated accidental hypothermia. No limit
on publication date or status were set, but only stud-
ies in English were included. PubMed search keywords
were limited to “case report’ AND ‘hypothermia” Stud-
ies were initially screened by title and abstract and if not
excluded, the full paper was sourced and reviewed. A
limited number of additional studies were sourced from
the bibliography of included articles. PubMed ID was uti-
lised to ensure studies were not duplicated. Patients were
subsequently included/excluded based on specific crite-
ria. Samples were included if patients were suitably sus-
pected to have hypothermia on arrival of first responders.
Samples were then excluded if the patient had already
arrested on arrival of first responders; if the case was
of iatrogenic/therapeutic/experimental hypothermia;
if any additional factor was involved that may influence
conscious level including alcohol, drugs, medical condi-
tions, drowning (excluded due to influence of possible
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hypoxia on conscious level at assessment), trauma, learn-
ing disabilities, age <4yo, avalanche without air pocket,
medications outside therapeutic range, dementia; and if
insufficient information was contained within the study.

Data collection
The following variables were collected from included
studies when available: author, date of publication,
PubMed ID, patient age, sex, confounders, AVPU or
comments on conscious level taken during patient
assessment, timing of consciousness assessment where
available, whether AVPU was documented or inter-
preted by researcher at time of reading, whether the
patient was confused, initial GCS, initial systolic and
diastolic blood pressure, initial heart rate, presence
of arrhythmias, respiratory rate, initial core tempera-
ture, method of core temperature measurement, initial
blood glucose, initial patient management, whether the
patient suffered cardiac arrest, how cardiac arrest was
confirmed, and any additional pertinent information.
Cases were classified into ‘Alert) ‘Alert with confusion,
“Voice, ‘Pain’ or ‘Unresponsive’ as follows: many stud-
ies (n=45) directly stated the patient’s conscious-level
which was accepted as published. A further set (n=14)
used the Glasgow Coma Scale which was converted
into AVPU using criteria adapted from Kelly et al. and
McNarry et al. [36, 37]. The remainder (n=55) gave
behavioural descriptions of the patient which required
classifying. To avoid bias, this was conducted by the
second author who was blinded to outcome (cardiac
arrest or not) and any patient identifiable information
including core temperature, age, or haemodynamic
parameters. Patients were classified as follows:

o ’Alert’—Awake with normal cognitive function.

o ‘Alert Confused’—Alert but with a change in higher
cognitive function such as unusual behaviour, inap-
propriate language, or inability to follow commands
for non-physical reasons.

+ ‘Voice’—Unalert responding with physical or verbal
responses to verbal stimuli only.

+ ‘Pain’—Unalert responding to physical stimuli only.

+ ‘Unresponsive’—Responding to neither verbal nor
painful stimuli

Core temperature data, where available, were classed
as reliable if measured rectally, in the oesophagus,
and in four cases, in the bladder. Timing of core tem-
perature assessment was not always reported but was
assumed to be during the acute assessment phase,
including arrival to the emergency department, for all
cases.
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Results

Of the 3252 records identified, 2854 were excluded by the
title and abstract. 466 patient data sets were extracted
from the remaining 398 full-text articles. These were
in turn examined against inclusion and exclusion cri-
teria resulting in 114 patient inclusions from 79 studies
(Fig. 1).

The 114 cases examined comprised 37 females, 74
males and three for whom no gender was stated. Age
was given for 104 cases (91%), with a mean of 43.0 years,
range 4 to 95 years. Haemodynamic data were patchily
presented, with all three parameters (SBP, DBP, HR) given
in only 18 cases (16%). Presence or absence of arrhythmia
was noted in 26 cases (23%). Reliable core temperature
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data were available for 61 cases (54%) and this subgroup
was the subject of an additional analysis. Conscious-
ness was assessed on initial arrival of first responders
in 69 cases, on arrival to the Emergency Department in
41 cases, admission to Intensive Care in 1 case, and was
unclear in 3 cases.

Of the 114 cases, 44 (39%) subsequently suffered a car-
diac arrest. Table 2 summarises the observed differences
between those who did, and did not, arrest.

The two groups did not differ significantly by age or
sex. Haemodynamic parameters differed in the expected
direction and despite small numbers two of these, dias-
tolic BP and heart rate, reached significance; where
recorded, arrhythmia was not a discriminating factor in
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Table 2 Comparison of Arrest and No arrest groups
Cases Sex Mean age SystolicBP  DiastolicBP  Heart rate Arrhythmia present  Core temperature

Arrest 44 35% F 464 81.1 46.4 416 44% 235°C

65% M
No arrest 70 30% F 40.6 984 66.0 56.7 25% 30.6 °C

70% M
N 114 m 104 30 20 42 26 841
Significance ¥’=058 t'=116p=25 t*=182 ™*=3.07 t*=224p=0.03 Fisher Exact t=757

p=068 p=008 p=0.007 p=042 p< <0.001

*Indicates t is corrected for unequal variance

Includes the less reliable temperature measures

Table 3 Numbers of cardiac arrests by level of consciousness

Arrest No arrest Totals
Alert 3 42 45
Voice 4 7 1
Pain 8 7 15
Unresponsive 29 14 43
Totals 44 70 114

The above differences are highly significant (x*=35.9, p<10~7)

this sample. There was a large and highly significant dif-
ference in core temperature, as would be expected.

Consciousness level

There were large, systematic and highly significant dif-
ferences in the reported level of consciousness between
those who suffered cardiac arrest and those who did not,
summarised in Table 3 and Fig. 2:

Table 4 Presence of confusion and occurrence of cardiac arrest

Arrest No arrest Totals
No Confusion 0 33 33
Confused 3 9 12
Totals 3 42 45

The differences are significant, Fisher exact test p=0.016

Confusion
Twelve of the 45 “Alert” cases were reported to show
confusion, and all three of the “Alert” arrests occurred
in this subgroup, shown in Table 4.

Adding confusion as a discriminating factor alters
Fig. 3 as shown below:

Core temperature versus consciousness level

as a discriminator

The subset of cases (62) for which reliable core tem-
perature data were available allows comparison to be
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Fig. 3 Percentage of cardiac arrests by consciousness level including confusion

made between this criterion and consciousness level as
a predictor of cardiac arrest (Tables 5, 6). The recom-
mended core temperature threshold for predicting car-
diac arrest is 28 °C [1, 21]. No alert cases were reported
to be confused in this group, and the comparison below
is between fully alert cases and the group comprising
unresponsive cases and those responsive to pain/voice.

Whilst the two tables above are not statistically sig-
nificant, the implication is that consciousness level
predicts cardiac arrest at least as well, and potentially
better, than core temperature, although possibly at the
expense of marginally more false positives.

Table 5 Predictions from core temperature

Predicted

Tem p<28°C Temp> =28°C Accuracy (%)
Actual
Arrest 23 2 92
No arrest 13 24 65

Table 6 Predictions from consciousness level

Predicted

V/P/U A Accuracy (%)
Actual
Arrest 25 0 100
No arrest 18 19 51

Discussion

The data set presented, which did not differ signifi-
cantly by age or biological gender, showed highly sig-
nificant differences in core temperature and conscious
level between groups that did and did not suffer cardiac
arrest. Haemodynamic data on assessment was sporad-
ically reported, and only diastolic blood pressure and
heart rate were significant. Systolic blood pressure and
presence of arrhythmia were not significantly different.
Caution should be taken in the interpretation of this
haemodynamic data as absolute numbers were low and
it may be expected that significantly unwell patients,
who may tend more towards cardiac arrest, would have
observations that are harder to gain and therefore be
under-represented.

Grouping patients into ‘Alert; “Voice, ‘Pain; and ‘Unre-
sponsive’ (as described in the methods section), proved
highly significant for cardiac arrest prediction. The subdi-
vision of ‘Alert’ into ‘Alert’ and ‘Alert Confused’ was again
highly significant. No patients in the ‘Alert’ and non-
confused group arrested, whilst 25% of the ‘Alert’ but
confused patients did arrest. These findings support the
initial hypotheses of this study. It should be noted that
any change in cognition proved to carry a significant risk
of cardiac arrest (25%) and the more severe the change in
consciousness the higher the risk of arrest.

Given that traditional risk assessment is based on core
temperature, a sample with ‘reliable’ (defined above)
core temperature measurement was extracted for analy-
sis. The timing of core temperature measurement was
not always available and was assumed to be during the
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acute phase of management in all cases (including initial
assessment in ED). Core temperature proved a good pre-
dictor of arrest. Interestingly, Tables 5 and 6, whilst not
statistically significant, suggest that conscious level may
predict cardiac arrest risk at least as well as core temper-
ature alone. However, due to robust population selection
for core temperature acquisition, this population is fun-
damentally different from the main analysis population.
In addition, the timing of core temperature measurement
may not have corresponded with the timing of assess-
ment of conscious level as this temporal relationship was
rarely specifically stated in our population. Perhaps the
combination of core temperature and consciousness, in
the appropriate scenarios, could provide even more accu-
rate prediction of cardiac arrest risk. Unfortunately, the
sample size was insufficient to draw further conclusions.

The timing of the assessment of consciousness was on
initial arrival of first responders in most cases (n=69),
with 41 cases being on arrival to the Emergency Depart-
ment, 1 on arrival to Intensive Care, and was unclear in
3 cases. Therefore, practically, it seems pertinent to treat
all patients with any change in cognition during the acute
management (up to and including in the Emergency
Department), where accidental hypothermia is sus-
pected, with the utmost care in order to minimise cardiac
arrest risk. For accidental hypothermia, conscious level
may provide a practical monitoring tool in the pre-hospi-
tal cold weather space where traditional monitoring sys-
tems may be impractical or unreliable.

Taking into account the limitations discussed below,
this provides direct evidence to support a move away
from the traditional Swiss-Staging System towards uti-
lising level of consciousness as a triage tool for assessing
patients with isolated accidental hypothermia further to
the ICAR MedCom ‘Revised Swiss System’ [33].

It would be interesting to consider the underlying
physiological association between conscious level and
susceptibility to cardiac arrest in accidental hypothermia.
Whilst the cardiac and neurological changes associated
with hypothermia are complex and multifactorial [38],
perhaps an underlying metabolic/electrical susceptibility
to cold may explain the vast variation in conscious level
and cardiac arrest risk over various core temperatures.

Limitations

As this study is a retrospective case report analysis, the
risk of publication bias is present. However, due to the
nature of accidental hypothermia, case reports were
selected as the inclusion data type due to the paucity
of experimental data on isolated significant hypother-
mia, and the desire to extrapolate this study to real
world assessment cases. This study was also subject to
language bias (only studies in English were included),
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and some degree of availability bias (limited to PubMed
database search). The authors attempted to limit the
impact of outcome bias by including all available case
reports for analysis.

Accidental hypothermia is uncommon. Whilst this
may tend somewhat against outcome reporting bias—
given that cases are more likely to be published regard-
less of outcome due to the infrequency of disease
occurrence—the statistical power of this study may be
reduced due to small sample size.

Another important consideration is that the popu-
lation analysed is highly selected to remove any con-
founders of conscious level. Some case reports may
have excluded details of these confounders and may
thus be mis-represented in the analysis.

Furthermore, as many cases of accidental hypother-
mia encountered in real world medical practice are
multifactorial, extrapolation is to a distinct but rela-
tively narrow field of application.

Another limitation is the timeline information in the
data sample. Timings of assessment of consciousness,
measurement of core temperature, and confirmation of
cardiac arrest were rarely all published within a single
case report. We therefore limit our interpretation to
state that if conscious level decreases at any point in
patient assessment or management, up to and including
the Emergency Department, the risk of cardiac arrest
increases. Furthermore, this dataset limits interpreta-
tion of the imminence of cardiac arrest after assess-
ment. As only one study progressed to give information
in the Intensive Care Unit, it can be assumed that the
risk of arrest is present in the acute course.

In terms of data interpretation, the authors attempted
to limit bias in the extraction of ‘AVPU’ categorisation
from the 114 cases by blinding the second author to
outcomes and patient information so ‘AVPU’ could be
independently assessed. However three issues remain:
Firstly, the 45 studies that directly state the patient’s
conscious level are subject to the inherent interrater
reliability issues with the AVPU scale [39]; Secondly,
the 14 GCS conversions undertaken in this analysis
are influenced by overlap in the categorisation of ‘V’
and ‘P’ by GCS (‘A’ and ‘U’ are more readily associated
with GCS 15 and 3 respectively) [36, 37]; Thirdly, the
55 cases which required interpretation of ‘AVPU’ from
descriptive text may be less reproducible and clinically
accurate than cases with documented consciousness.

Regarding clinical data, there was generalised under-
reporting of the method of cardiac arrest confirmation.
This is relevant because detecting cardiac output in the
severely hypothermic, non-responsive patient can be
extremely difficult, and further complicated by recent
suggestions to withhold CPR in a possibly perfusing
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rhythm even in the absence of pulses (PEA) [21]. We may
infer that whilst a number of studies explicitly stated the
method of arrest confirmation (n=27), some patients in
which this was not stated may have been initially misdi-
agnosed as cardiac arrest.

Perhaps most importantly, there was wide variation
in descriptions of the initial management of patients
with suspected accidental hypothermia. The majority of
studies provided insufficient information to control for
appropriate initial management. It is likely that circum-
rescue collapse and rescue induced cardiac arrest can
be somewhat mitigated with careful handling, selective
rewarming etc. [21]. Any patient management, there-
fore, conducted contrary to current hypothermia guide-
lines would carry a disproportionately high risk of arrest,
skewing our results/interpretation.

It must be noted that this study is not a replacement
for clinical judgement. Whilst it does provide retrospec-
tive evidence for the use of consciousness as a predictor
of cardiac arrest in isolated accidental hypothermia, cli-
nicians should use caution and draw on multiple sources
in their assessment of the critically ill patient.

Conclusion

This study provides retrospective analytical evidence that
conscious level is a valid predictor of cardiac arrest risk in
isolated accidental hypothermia. Any disturbance of con-
sciousness during acute assessment and early manage-
ment indicates a significant risk of cardiac arrest. As the
patient becomes less conscious, the risk of cardiac arrest
increases. Our data suggest that conscious level may be
at least as good as core temperature in cardiac arrest risk
stratification. This provides the possibility for a rapid
simple risk assessment tool for use in the pre-hospital
environment.

A number of studies have now pointed towards con-
sciousness being an important predictor of arrest [18, 33,
34], and this study has specifically assessed this inference.
Whilst there are limitations, this study provides the basis
for future prospective study of ‘Alert;, ‘Alert-confused,
‘Voice, ‘Pain, and ‘Unresponsive’ in the assessment of
accidental hypothermia cardiac arrest risk.
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