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Abstract

Aims: Cardiac arrest related to accidental hypothermia may occur at temperatures below 32 �C. Our goal was to describe the clinical characteristics and

outcomes of patients who suffered from witnessed hypothermic cardiac arrest (CA) and assess the occurrence of hypothermic CA as a function of

patient body temperature.

Methods: We conducted a systematic review of the literature on cases of hypothermic CA due to rescue collapse. Patient information data from

hypothermic CA patients were collected and combined with additional unpublished data to assess the clinical characteristics and outcome of

hypothermic CA patients.

Results: A total of 214 patients was included in this systematic review. Of the 206 witnessed hypothermic CA patients with a recorded body temperature,

the average body temperature was 23.9 � 2.7 �C with five patients (2.4%) having a core body temperature of >28 �C. The highest temperature of a

patient surviving hypothermic witnessed cardiac arrest without other associated risk factors for cardiac arrest was 29.4 �C. The first recorded cardiac

rhythm was asystole in 33 of the 112 patients (30%) for whom this information was available. The survival rate at hospital discharge of these hypothermic

cardiac arrest patients was 73% (153 of 210 patients) and most survivors had favourable neurological outcome (89%; 102 of 105 patients).

Conclusions: CA that is solely caused by hypothermia did not occurs for patients with a body temperature >30 �C. Our findings provide valuable new

information that can be incorporated into the international clinical management guidelines of accidental hypothermia.
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Introduction

Accidental hypothermia is a potentially reversible cause of cardiac
arrest.1 Patients that suffer from cardiac arrest (CA) due to
accidental hypothermia might have a more favourable outcome

compared to patients with other CA aetiologies if they are
treated appropriately. The risk of cardiac arrest is thought to
occur at temperatures below 32 �C,1–3 and it is believed that
hypothermia is unlikely the sole cause of CA in patients with body
temperature >28 �C.2 However, evidence that support these
figures is sparse.
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A notable proportion of hypothermic patients are already suffering
from unwitnessed cardiac arrest when first discovered. However,
other hypothermic patients may suffer from a witnessed cardiac arrest
that occurs upon rescue, especially in the case of patients with deep
hypothermia.4,5 In a recent study on hypothermic CA patients who
were rewarmed with Extracorporeal Life Support (ECLS), CA was
witnessed in 85 out of 250 of the hypothermic patients (34%).6 The
notion of rescue collapse has been included in some international
guidelines on managing patients suffering from hypothermia3 and it
has been defined as the occurrence of CA relating to the extrication or
transfer of a patient suffering from profound hypothermia.7 This type of
witnessed CA has been associated with a favourable outcome,
especially in the case of avalanches victims.7–10 However, other
reports do not confirm this association.6 The pathophysiological
process of rescue collapse is not well-understood. However, it might
be related to the movement of a hypothermic patient that occurs during
extrication, mobilisation or transfer.2

Currently, the epidemiological clinical characteristics of patients
that suffer from witnessed hypothermic cardiac arrest are not well
defined. Thus, a greater understanding of these patients might
improve clinical management of hypothermic CA patients. The main
objective of this study was to describe the clinical characteristics and
outcomes of patients who suffered from witnessed cardiac arrest/
rescue collapse. In particular, we assessed the occurrence of CA in
hypothermic patients as a function of their first recorded body
temperature.

Methods

Potential hypothermic CA patients that could be included in this study
were identified through a systematic literature review. It was
conducted in accordance with current guidelines on systematic
literature reviews and it complied with the Preferred Reporting Items
for Systematic reviews and Meta-Analyses (PRISMA) statement. The
following keywords were used: rescue collapse, cardiopulmonary
resuscitation, hypothermia, and witness.

We searched the literature from January 1st 1987 to August 31st
2018. The precise research approach for identifying witnessed
hypothermic CA patients is described in Supplementary file 1. One
author (CF) conducted the literature search with the help of a
professional librarian to produce a database of references. The
abstracts of the retrieved references were screened and full texts of
potentially eligible references were further examined for inclusion
(CF). Additional patient cases were identified from the bibliography of
retrieved articles and the personal list of references of the authors. We
also included unpublished patients cases that were collected from a
previously published study6 and convenience samples from another
ongoing study on HOPE score validation that were provided by co-
authors of this study (GD and TD). We used age and gender to exclude
overlapping cases and, if needed, other more specific data (e.g.
temperature, potassium). Patients were subsequently selected based
on specific inclusion and exclusion criteria. We included patients with
accidental hypothermia (e.g. who had a first recorded body
temperature <35 �C) and experienced a witnessed cardiac arrest
that was thought to be due to hypothermia. Patients were excluded if
cardiac arrest was unwitnessed or a result of another cause; cases of
therapeutic, iatrogenic or neonatal hypothermia; or cases in which
individual data were not available. Cases identified through the
systematic literature review were independently and blindly assessed

for eligibility by two authors and (CF, MP) disagreements on eligibility
was resolved by a third independent author (PNC).

Original data used for this study have been published recently with
permission by the institutional review board (N� 2016-01267).6 Data
from additional unpublished cases were treated anonymously and
were exempted from formal ethical approval. The work in this study,
“Clinical characteristics of witnessed hypothermic cardiac arrest: a
systematic review on rescue collapse”, is registered to the
PROSPERO registry (CRD42018108616).

Data collection

The following variables of interests were collected for each patient
when available: age; gender; mechanisms for hypothermia (i.e.
outdoor or indoor exposure to cold, immersion, submersion,
avalanche); first vital parameters on-site and upon hospital arrival
(heart rate, respiratory rate, pulse); pre-CA neurological state
(Glasgow Coma Scale - GCS); first recorded body temperature
(�C); potential risk factor for triggering CA; detection of shivering;
potassium; lactates; pH and pCO2 at hospital admission; first
documented cardiac rhythm after cardiac arrest (e.g. asystole,
ventricular fibrillation, pulseless ventricular tachycardia and pulseless
electrical activity (PEA)); presence of trauma, drugs, toxins, alcohol,
and main comorbidities; treatment (e.g. defibrillation, reanimation
drugs); no flow and low flow durations; automated versus manual
CPR; and, if any, modality of hospital rewarming. In the case of ECLS
rewarming, the following data were also collected: ECLS method,
duration and delay before initiation. The mechanism for hypothermia
were further classified as non-asphyxia related (i.e. immersion,
outdoor or indoor exposure to cold) or asphyxia related (i.e.
submersion, avalanche with head burial under the snow). Patient
outcomes of witnessed hypothermic CA were assessed by survival
and neurological status at hospital discharge. A cerebral performance
category (CPC) of 1 or 2 at hospital discharge was considered a
favourable neurological outcome.11

Data analysis

Descriptive statistics were determined for variables of interest that
were collected from patients and they were expressed as frequencies,
means and standard deviations, or median and interquartile range
(IQR). Witnessed hypothermic CA patients were grouped based on
various variables of interest and outcomes. Data was retrieved from
the patient information database that was established for this study
and exported into Stata version 14 (Stata Corporation, College
Station, TX, USA) for analysis.

Results

Our literature search strategy yielded 135 cases of witnessed
hypothermic cardiac arrest due to rescue collapse (Supplementary
file 2). Although the two co-authors that assessed the inclusion
eligibility of cases agreed on nearly all cases, eligibility of five cases
had to be discussed and resolved by a third, independent author.12–17

Furthermore, 79 additional unpublished cases derived from a previous
study6 and an ongoing study were added for a total of 214 patient
cases of witnessed hypothermic cardiac arrest (Fig. 1).

The baseline characteristics of the 214 patients included in this
study are presented in Table 1. Eight of the included patients had no
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precise temperature value but either a temperature range (e.g.
<28 �C)20 or were diagnosed as hypothermic.21–24 For the 206 pa-
tients with a reported first recorded on site body temperature, the
mean body temperature was 23.9 � 2.7 �C. Moreover, 90 (44%) of the
206 patients had a temperature below 24 �C. We observed that 30% of
witnessed hypothermic CA patients had asystole as their first
recorded cardiac rhythm after CA. The temperatures were similar
between patients with shockable and non-shockable rhythms (Fig. 2).
CA occurred during endotracheal intubation in two patients.25,26 The
mean serum potassium levels of witnessed hypothermic CA patients
at hospital admission was 4.3 � 1.5 mEq/L (range = 1.4–14.1 mEq/L);
it was of 4.9 � 2.0 mEq/L and 4.0 � 1.1 mEq/L in survivors and non-

survivors, respectively. The mean serum lactate levels was 10.4 � 5.4
mmol/L (range = 0.66–28 mmol/L), the mean pH 7.0 � 0.2 (range =
6.41–7.86) and the median pCO2 7.5 kPa (IQR 5.5–9.7 kPa; range =
1.6–50.1 kPa).

Information on the clinical characteristics and outcomes of the
214 witnessed hypothermic CA patients is summarised in Table 2. We
observed that survival rate of hypothermic CA patients is 73% and
89% of these survivors had a favourable neurological outcome. Since
it is thought that hypothermia is unlikely the sole cause of CA in
patients with body temperature >28 �C we were interested in the
characteristics and clinical outcome of patients with a first recorded
body temperature > 28 �C. We found that five of the 206 patients

Fig. 1 – Flow-chart for patient selection in the systematic review of clinical characteristics and outcomes of witnessed
hypothermic cardiac arrest patients.
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Table 1 – Pre-cardiac arrest characteristics of 214 witnessed hypothermic cardiac arrest patients. SD = standard
deviation; IQR = interquartile range.

Demographic

Age (n = 208; missing = 6)
Mean � SD 46 � 17
Range 4–95

Male (missing = 6), n (%) 146/208 (70)

Circumstances

Mechanism (missing = 9), n (%)
Exposure 156/205 (76)
Immersion 34/205 (17)
Avalanche 12/205 (5.8)
Submersion 3/205 (1.5)

Asphyxia-related mechanism (missing = 9), n (%)a 15/205 (7.3)
Alcohol abuse (missing = 132), n (%) 43/82 (52)
Drug intoxication (missing = 113), n (%) 35/101 (35)
Trauma (missing = 150), n (%) 18/64 (28)

Vital signs

Respiratory rate (n = 12; missing = 202)
Median (IQR) 7 (4–11)
Range 2–40

Heart rate (n = 22; missing = 192)
Median (IQR) 40 (30–78)
Range 6–179

Systolic blood pressure (n = 19; missing = 195)
Median (IQR) 80 (60–105)
Range 35–170

Movements (missing = 201), n (%) 11/13 (85)
Glasgow Coma Scale (missing = 190), n (%)b

3–8 20/24 (83)
9–10c 4/24 (17)

Glasgow Coma Scale (n = 24; missing = 190)
Median (IQR) 5 (3–7)
Range 3–10b

Temperature

Temperature (n = 206; missing = 8)
Mean � SD 23.9 � 2.7
Range 15.2–32.2

a Asphyxia-related cases included avalanche with head burial and submersion cases.
b The mean body temperature of patients with GCS � 8 was 24.2 �C (SD = 2.12 �C) versus 25.5 �C (SD = 2.3 �C) for patients with GCS � 9.
c GCS score of 14 in patient data taken from Winkler et al. 201618 was defined as GCS score of 9–10 to match Maeder et al. 201819.

Fig. 2 – Boxplot analysis of the body temperature of 206 witnessed hypothermic cardiac arrest patients. Hypothermic
cardiac arrest patients were grouped according to the first cardiac rhythm documented after their cardiac arrest.
Data of these groups were expressed as boxplots. VF = ventricular fibrillation; pVT = pulseless ventricular
tachycardia; PEA = pulseless electrical activity. Values for temperature (n = 8) and first documented cardiac rhythm
after cardiac arrest (n = 102) were missing for witnessed hypothermic cardiac arrest patients.
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(2.4%) had a first recorded body temperature >28 �C. The character-
istics and clinical outcomes of these patients are found in Table 3.
Furthermore, nine patients who suffered from witnessed hypothermic
cardiac arrest had a core temperature of 28 �C; four of which survived
and had good neurological outcome (CPC = 1).

Discussion

To our knowledge, this work, which includes 214 patients, is the
largest study to assess the clinical characteristics and outcomes of
patients that suffer from CA due to rescue collapse (hypothermic
witnessed cardiac arrest). We observed that CA occurred in
hypothermic patients with a mean body temperature of 23.9 �C.
Furthermore we did not observed cardiac arrest solely due to
hypothermia with a temperature >30 �C. Although a notable

proportion (30%) of patients had asystole as their first recorded
cardiac rhythm after CA. Importantly, this study highlights the
excellent prognosis of patients that suffer from CA due to rescue
collapse as indicated by a survival rate of 73% and a favourable
neurological outcome for 89% of the survivors.

Our study made several key contributions that could impact
clinical care practises on patients with hypothermia. First, our
results provide further evidence regarding the temperature at which
CA would likely occur following accidental hypothermia. Back in
2006 Giesbrecht and Hayward wrote: “at low core temperatures
(i.e. below about 28 �C) there can be a fine line between potential
survival and death”.5 Current clinical practice guidelines on
hypothermia use a dichotomous triage based on temperature that
claims a patient with a body temperature below 32 �C can
experience CA and this risk increases substantially below
28 �C.2,31 Knowledge about the estimated temperature at which

Table 2 – Cardiac arrest characteristics and outcomes of 214 witnessed hypothermic cardiac arrest patients.
ECLS = Extracorporeal Life Support; CPC = cerebral performance categories; IQR = interquartile range.

Cardiac arrest characteristics

Cardiac arrest first recorded rhythm (missing = 103), n (%)
Ventricular fibrillation / pulseless ventricular tachycardia 71/111 (64)
Asystole 33/111 (30)
Pulseless electrical activity 7/111 (6)

Place where cardiac arrest occurred (missing = 141), n (%)
Out-of-hospital 54/73 (74)
Hospital 19/73 (26)

Potential risk factor for triggering cardiac arrest (missing = 41), n (%) 62/173 (36)
Risk factors type (n = 62), n (%)

Out-of-hospital intubation 2 (3.2)
Out-of-hospital patient mobilisation 15 (24)
During transfer to hospital 29 (47)
Hospital patient mobilisation 16 (26)

No flow duration (n = 52; missing = 162), mina

Median (IQR) 0 (0–0)
Range 0–15

Low flow duration (n = 98; missing = 116), min
Median (IQR) 132 (71–180)
Range 2–480

Treatments and outcomes

Defibrillation (missing = 162), n (%) 44/52 (85)
Resuscitation drugs (missing = 186), n (%) 17/28 (61)
Mechanical cardiopulmonary resuscitation (missing = 195), n (%) 15/19 (79)
ECLS (missing = 83), n (%) 118/131 (90)
ECLS type (missing = 0), n (%)

Extracorporeal Membrane Oxygenation 80/118 (68)
Cardiopulmonary Bypass 38/118 (32)

ECLS duration (n = 11; missing = 107), min
Median (IQR) 225 (139–1440)
Range 64–1920

Return of spontaneous circulation (missing = 27), n (%) 158/187 (84)
Survival rate (missing = 4), n (%) 153/210 (73%)
Survival rate according to the rhythm (missing = 106), n (%)

Ventricular fibrillation / pulseless ventricular tachycardia 57/68 (84)
Asystole 23/33 (70)
Pulseless electrical activity 3/7 (43)

Neurological outcome of survivors (missing = 38), n (%)
Good (CPC = 1-2)b 102/115 (89)
Bad (CPC = 3-5)b 13/115 (11)

a Defined from initiation of external CPR until ROSC or start of ECLS.
b CPC and their corresponding cerebral characteristics are as follows: 1 = normal or slightly diminished cerebral function, 2 = moderate cerebral disability,
3 = severe cerebral disability, 4 = coma or vegetative state, 5 = brain dead.
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hypothermic cardiac arrest is likely to occur is crucial because it
allows immediate risk assessment of hypothermic patients for CA
based on their body temperature. A study with data including
unwitnessed CA patients would not have provided a good estimate
of the body temperature at which CA would likely occur due to the
likelihood that their body temperatures would have fallen by the
time they were measured. Our study provided a realistic estimate to
the critical core temperature, thus we were able to identify a
vulnerable group with a considerable risk of rescue collapse and
cardiac arrest.

The indications for ECLS rewarming of hypothermic CA patients
with a body temperature >28 �C are still controversial according to
experts because these patients might suffer from CA as a result of
other causes, which could contribute to their poor clinical outcome.2

Indeed, some ECLS centres have already set the temperature cut-off
for ECLS at � 28 �C. 32 In the present study, four of the nine witnessed
hypothermic CA patients with a body temperature of exactly 28 �C
survived after ECLS rewarming, all with favourable neurological
outcome. These results may support the current recommendations
that consider hypothermic patients with a temperature <28� at high
risk of CA and therefore advise to transport them to a centre capable of
providing ECLS.1,2,33 To be noticed, only five patients had a body
temperature > 28 �C, suggesting that CA due to hypothermia at a body
temperature > 28 �C is possible, albeit unlikely. The highest body
temperature of a patient surviving a witnessed hypothermic CA in the
absence of associated risk factors for CA was 29.4 �C.29 Our results
therefore support the idea that the risk of cardiac arrest is unlikely to be
solely attributed to hypothermia at a body temperature >30 �C.2

Regarding the management of cardiac arrest due to
accidental hypothermia, our results therefore suggest that poten-
tially hypothermic CA victim with a body temperature < 30 �C
should be considered for ECLS rewarming. In the out-of-hospital
setting, we believe that this 30 �C temperature cut-off may be
reliable for considering transporting hypothermic CA patients to
hospital for rewarming. Regarding the hospital hypothermic CA
management guidelines, we would rather recommend using a more
comprehensive approach for determining if a patient qualifies for
ECLS instead of solely relying on a temperature cut-off. One such
approach would be the use of the HOPE score, which is currently
under external validation.6 Of course, for cases in which other
factors could contribute to CA in a mildly hypothermic patient (>
30 �C),27,16,17 hypothermia would still have to be considered and
treated appropriately if judged appropriate, while taking account of
the fact that hypothermia has a protective effect on the brain and
heart.1

The second key contribution of this study is the description of
the initial cardiac rhythm of witnessed hypothermic CA patients.

Although VF is often cited as the initial detected cardiac rhythm of
hypothermic CA patients,34 our study highlights the fact that
asystole might be the first recorded cardiac rhythm in a substantial
proportion (30%) of rescue collapse patients. The lack of
recognition that CA can be occurring in hypothermic patients with
an asystole cardiac rhythm, following mobilisation and prior to
monitoring, might lead to an underestimation in the survival
potential of patients.24 For this reason, it is suggested that patients
should be monitored before mobilization.35 Of note, neither the
presence of asystole as the first cardiac rhythm after CA, not the
fact that CA had been witnessed in hypothermic CA patient were
predictive of poorer outcomes in a recent study.6 Since asystole
might be the first cardiac rhythm in a substantial proportion of
hypothermic CA patients and it occurs frequently following the
handling of patients, awareness of asystole as the first cardiac
rhythm in hypothermic CA patients could be important in the
management of hypothermic patients as well. Specifically, it might
improve the detection of CA due to rescue collapse. It can help with
determining the duration of no flow and low flow. The latter is
especially critical because it is a predictive factor of hypothermic
cardiac arrest.6,11,36 Ultimately, awareness that asystole can be the
first cardiac rhythm in hypothermic CA patients and may have a
good prognosis can improve the selection of patients who would
benefit from ECLS rewarming.

The third key contribution of this study is the clinical description
of patients who experienced CA due to rescue collapse. It has been
shown that suitable thermometers, notably low-reading thermom-
eters, are often not achievable in certain settings.37,38 It has been
proposed that the clinical Swiss Staging model should be used in
such situations in which reliable core temperature measurements
are not available.39 Estimation of temperature using clinical
parameters has, however, been shown to be suboptimal.39 In
particular, the misclassification of patients with a body temperature
< 24 �C as clinical stage 3 (< 28–24 �C) on the Swiss Staging
system could result in the underestimation of CA risk in patients
and serious consequences.4 The only parameter which may be
relevant in identifying hypothermic patients with a lower risk of CA
appears to be level of consciousness. Out of the 24 patients whose
GCS scores were recorded, only 4 had a GCS > 8 with the highest
GCS being 10. These results therefore suggest that CA is less
likely to occur in hypothermic patients with a normal level of
consciousness. Hence, the state of consciousness of hypothermic
patients might be a simple, practical clinical parameter that can help
identify hypothermic patients with a lower risk of CA on-scene.
However, as unfortunately the clinical parameters (HR, RR, BP,
GCS) were available only in 12–24 of analysed patients, these
conclusions must be interpreted with caution.

Table 3 – Characteristics of the five witnessed hypothermic cardiac arrest patients who had body temperatures
>28 �C. CPC = cerebral performance categories.

Source Age Sex Temperature (�C) Mechanism Survival CPCa Remarks

Nagamine et al.27 75 Female 32.2 Exposure Yes Unknown Risperidone at daily treatment
Silfvast et al.28 63 Male 31.6 Immersion No 5 Lack of precise information, patient died
Brunette et al.29 63 Male 29.4 Exposure Yes 1
Pasquier et al.6 28 Female 28.4 Immersion No 5
Steedman et al.30 29 Male 28.3 Immersion Unknown Unknown Pure hypothermia

a CPC and their corresponding cerebral characteristics: 1 = normal or slightly diminished cerebral function, 2 = moderate cerebral disability, 3 = severe cerebral
disability, 4 = coma or vegetative state, 5 = brain dead.
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Limitations

Our study suffers from several limitations. The first limitation is the
amount of missing data. Furthermore, some information might be
inaccurate. This limitation is, however,due to the retrospectivenature of
a systematic review. It was especially notable for the unpublished cases
that were taken from the HOPE study6 in which vital signs were typically
not included in the cases description. A second limitation is the high risk
of systematic bias of our data that may arise not only because of the
missing data we have already mentioned, but also through publication,
and selection bias. To take account of this, we decided to forego
statistical inference in favour of simple clinical inference. A third
limitation is related to the reported body temperature of the hypothermic
patients that were included in this study. We could not be always certain
that effective devices were used properly. The use of an inappropriate
device or a delayed measurement could potentially underestimate the
core body temperature of hypothermic CA patients as a further drop
may have followed CA. Finally, the excessively long time period of data
collection from 1987 to 2018 can potentially be a limitation as triage
criteria and out-of-hospital treatment may have changed over time.
Overall, additional prospective studies would have to be conducted to
validate our statements in this study.

Conclusions

In our study of 214 witnessed hypothermic cardiac arrest patients, we
observed that CA occurred at a mean temperature of 23.9 �C. We did
not find cases in which witnessed CA patients with temperatures >30 �

or a GCS score > 10 were believed due solely to hypothermia in the
literature. The first recorded cardiac rhythm after CA in hypothermic
patients was found to be asystole in 30% of the cases. Most patients
(73%) survived witnessed hypothermic CA and 89% of the survivors
have good neurological outcome. Taken together, our findings improve
our understanding on hypothermic cardiac arrest and they provide
important information that can be incorporated into the international
clinical management guidelines for accidental hypothermia.
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