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Introduction: Cardiac arrest (CA) in patients with severe accidental hypothermia (core temperature <28 °C)
differs from CA in normothermic patients. Maintaining CPR throughout the prehospital period may be
impossible, particularly during difficult evacuations. We have developed guidelines for rescuers who are
evacuating and treating severely hypothermic CA patients.

Methods: A literature search was performed. The authors used the findings to develop guidelines.
Results: Full neurological recovery is possible even with prolonged CA if the brain was already severely
hypothermic before CA occurred. Data from surgery during deep hypothermic CA and prehospital case
reports underline the feasibility of delayed and intermittent CPR in patients who have arrested due to
severe hypothermia.

Conclusions: Continuous CPR is recommended for CA due to primary severe hypothermia. Mechanical
chest-compression devices should be used when available and CPR-interruptions avoided. Only if this is
not possible should CPR be delayed or performed intermittently. Based on the available data, a patient
with a core temperature <28 °C or unknown with unequivocal hypothermic CA, evidence supports alter-
nating 5 min CPR and <5 min without CPR. With core temperature <20 °C, evidence supports alternating
5min CPR and <10 min without CPR.

Keywords:

Cardiac arrest
Cardiopulmonary resuscitation
Hypothermia

Emergency medical services
Mountain rescue
Transportation

© 2015 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

In severe accidental hypothermia (core temperature <28°C),
cardiac arrest (CA) is common.! Management guidelines differ from
guidelines for normothermic patients: (1) in ventricular fibrillation
(VF), no more than three shocks should be delivered until the core
temperature is >30°C?; (2) epinephrine and other drugs should
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be withheld until the core temperature reaches 30°C; and (3) CPR
should not be terminated prematurely as patients can make a full
recovery, even after protracted CPR.>-> Whilst it is true that “some
people are cold and dead”, it is a guiding principle in hypothermic
CA that unless there is pathology incompatible with life, “no one is
dead until warm and dead.” The priority is to protect the brain, as
the heart usually restarts after rewarming.

Current guidelines recommend that CPR be started as soon as
CA is diagnosed and continued until commencing extracorporeal
rewarming. In the field, attempting to maintain CPR through-
out the evacuation may be hazardous or impossible, particularly
in difficult terrain. CPR quality deteriorates in experimental and
clinical studies with transport.%” Mechanical CPR-devices should
be used during prolonged or difficult evacuation because high
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quality manual CPR is impossible.® However, these devices are
not always immediately available. Current CPR guidelines empha-
sise the importance of minimising no-flow time, but in difficult
conditions, interruption of manual CPR may be unavoidable. The
Wilderness Medical Society has recently endorsed delayed and
interrupted CPR in these circumstances, but is not explicit about
timing. We propose guidelines for severely hypothermic CA
patients when continuous CPR is impossible. A limitation is that
these guidelines are not based on controlled studies but on a lit-
erature review with inherent risk of reporting bias as cases with
negative outcome may have been underreported.

2. Materials and methods

The literature was searched by two authors (LG, PP) from 1946 to
present (last access was on 6th January 2015) using PubMed using
the following Medical Subject Headings (MeSH): circulatory arrest,
deep hypothermic induced intermittent perfusion (14 references
found); hypothermic circulatory arrest intermittent perfusion (44);
circulatory arrest, deep hypothermia induced and intermittent
perfusion (13); deep hypothermic circulatory arrest reperfusion
(167); circulatory arrest, deep hypothermia induced neuroprotec-
tion (28); circulatory arrest, deep hypothermia induced cerebral
protection (185); intermittent cerebral perfusion (199); acciden-
tal hypothermic cardiac arrest (140); cardiac arrest extracorporeal
rewarming (94); avalanche cardiac arrest (32); extracorporeal
membrane oxygenation hypothermia (153), and ischaemia reper-
fusion brain hypothermia (457). Papers were only included if they
were relevant to the subject and written in English or German.

A secondary search was performed of the citations listed in the
papers highlighted in the original search. Every case report of severe
accidental hypothermia was searched for an indication of whether
CPR was performed continuously or intermittently. Thus, the final
list of references cited in this manuscript (n=22 in the print and
n=87 in the online-only version) includes original research and
cases.

3. How long can the brain tolerate CA?

Evidence from surgery using hypothermic CA shows that full
neurological recovery is possible if the brain has been cooled to
~18°C before CA. Two of the main factors affecting outcome are
brain temperature and patient age. Even at 15-20°C, there is a
limit to how long the brain can tolerate CA without sustaining dam-
age. Although cellular oxygen-consumption decreases by 6-7% per
1°C decrease in core temperature, it is still ~16% of baseline at
15°C. Normothermic CA >4-5 min leads to permanent neurologic
damage. However, the duration of CA after which full neurological
recovery is possible doubles for every ~8 °C temperature decrease.
Children can make a full recovery after 40 min of CA at 18°C,'0 but
patients >60 years cooled to a core temperature of 12-15°C tol-
erate only ~25 min of CA.!" After 60 min of hypothermic CA most
people suffer neurological damage.

3.1. Surgical neuro-protective strategies for hypothermic CA

Surgeons can operate quickly to minimise hypothermic CA'213
or maintain continuous systemic or selective cerebral circula-
tion with low-flow cardiopulmonary bypass.'#!> When continuous
low-flow is not possible, intermittent perfusion has been shown to
protect against brain damage. In an animal study of CA at 18°C,
intermittent circulation for 10 min every 20 min prevented cere-
bral anaerobic metabolism for 120 min. In another study, 1 min
of intermittent perfusion every 15 min was effective. Intermittent

perfusion in humans improves neurological outcome when com-
pared with hypothermic CA alone.

3.2. Case reports of severe hypothermic CA with delayed or
intermittent CPR

A 42-year-old man was carried into a crevasse by an avalanche.
By the time rescuers arrived, he was unconscious, pulseless and
apnoeic. ECG revealed asystole; pupils were dilated and fixed. Rec-
tal temperature was 19 °C. No attempt was made to resuscitate the
patient on site. He was flown to a nearby hospital where, 70 min
after rescue, CPR was commenced. The patient was rewarmed with
cardiopulmonary bypass and recovered fully.'¢

A 57-year-old woman became lost during a snowstorm. Soon
after rescuers arrived, she developed VF, unresponsive to defibril-
lation. The decision was made to perform CPR during evacuation,
but it was impossible to move and perform CPR simultaneously. A
sequence with 1 min of 100 manual chest compressions alternating
with 1 min walking to reach the road was followed for 25 min. She
received CPR for a total of 5 h. Mechanical CPR was used only during
the last hour of transportation. The patient’s core temperature at
hospital admission was 16.9 °C. She was rewarmed with ECMO and
recovered, although with mild cognitive impairment.

A 29-year-old skier was caught in an avalanche. When found, he
was unconscious but breathing spontaneously. Core temperature
was 22 °C. VF developed after extrication but continuous CPR was
not applied during the 15 min flight to the nearest hospital. The
patient was rewarmed with cardiopulmonary bypass and made a
full recovery.!”

3.3. Suggested guidelines for delayed or intermittent CPR during
evacuation

Although immediate, continuous CPR is the objective, there are
occasions when this is impossible. There are many case reports of
hypothermic CA in which prolonged continuous manual CPR was
likely to have been suboptimal. Stroke volume and cerebral blood
flow are directly related to depth of chest compressions.'® Manual
CPR quality degrades after 2min'® due to rescuer fatigue and by
7 min, only half of compressions are performed correctly with inad-
equate compression depth and rate resulting in poorer outcome.?
CPR is also suboptimal when evacuating a casualty on a stretcher,
transferring the casualty into and out of a vehicle and at altitude.

In severe hypothermic CA, inefficient continuous CPR during
evacuationis potentially worse than intermittent good-quality CPR.
Although there are differences between the quality of the circu-
lation delivered by extracorporeal devices and manual CPR, with
its unavoidable variability, if delivered effectively and with suffi-
cient duration and frequency, intermittent CPR has the potential
to provide the same effect as intermittent perfusion. Our proposed
guidelines are based on available data with the aim of ensuring
sufficient brain perfusion to maximise the chance of full recovery.

3.3.1. Core temperature

In applicable studies and case reports, patients had a core
temperature of <28°C. We consider patients with core temper-
ature <28°C to be the target population for intermittent CPR. If
oesophageal temperature monitoring is not available, temperature
should be measured using an insulated low-reading epitympanic
thermometer during effective CPR.?!

3.3.2. Duration of CPR

Current CPR guidelines use 2-min cycles of chest compressions
to prevent fatigue. This allows time for rhythm recognition during
the change of rescuers. Studies in normothermic patients and ani-
mals have shown that although carotid artery flow starts within
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seconds of starting CPR, it takes over 1 min of sustained CPR for
flow to plateau and >5 min for cerebral tissue oxygen tension to
rise above the ischaemic threshold.?? During hypothermia, cere-
bral metabolism is markedly reduced, so adequate perfusion of the
brain will be re-established earlier. It is likely that 1 min of CPR is
not long enough.? We believe that a minimum of 5 min of continu-
ous CPR, changing rescuers every 2 min, is a practical compromise
that provides reasonably sustained blood flow to the brain before
another period of CA. During CPR, the casualty should be ventilated
with oxygen.

There are concerns about the potential adverse effects of
intermittent CPR from repeated changes between oxidative and
anaerobic metabolism which could conceivably cause recurring
ischaemia-reperfusion injury, particularly in patients whose tem-
perature is nearer 28°C than 20°C. There has been no specific
research into the effects of repeated episodes of ischaemia-
reperfusion, but there is evidence from animal studies that
moderate hypothermia (mid-low 30s) is effective in suppressing
neuronal injury caused by single episodes. Lower temperatures
provide greater brain protection. Beneficial effects are present
whether hypothermia is applied only to the head or systemically.
These occur by multiple mechanisms including maintenance of a
lower cerebral metabolic rate, reduction of ATP consumption and
an increased rate of ATP recovery, suppression of processes that
cause cellular damage, and enhanced recovery after reperfusion.
There may be a narrow therapeutic time window for the applica-
tion of hypothermia during “experimental” ischaemic brain injury
with improved results occurring when hypothermia is applied at
the same time as ischaemia. The best outcome is when hypothermia
precedes CA, which is why surgery is performed in this sequence.

For patients with accidental hypothermia, there is evidence
that ischaemic brain injury is influenced by peripheral signalling.
Peripheral organ ischaemia can induce brain inflammation and
injury. Peripheral cooling, even without a reduction in brain tem-
perature, can reduce brain injury after CA and CPR. This could
protect the brain in accidental hypothermic arrest when the whole
body is cold.

3.3.3. Patient age

Evidence demonstrates that younger patients tolerate longer
periods of CA than older ones, that physical peak is reached in the
mid to late 20s, and that in many clinical areas, outcomes decline
after early to mid-30s. Thus, it is likely that the elderly will tolerate
delayed and intermittent CPR less well than younger patients.

3.3.4. Frequency of CPR sessions

The number of CPR interruptions will depend on terrain difficul-
ties and transport issues, but it is useful to delineate how long CPR
can be safely interrupted. This will help with evacuation decisions.
If conditions mandate a longer hands-off period, rescuers should
attempt to revert to the recommended timing as soon as possible.
Using the available data, interpreted conservatively due to uncer-
tainties and applying a safety factor of two for time overruns, we
estimated an acceptable duration of periods without CPR.

3.3.5. Proposed guidelines for a patient with likely hypothermic

CA (pulse should be checked for 605s)

e With hypothermic CA, start immediate, continuous CPR, min-
imise interruptions and apply mechanical chest compression as
soon as possible.

e Measure core temperature to confirm severe hypothermia.

e Only when continuous CPR is impossible should rescuers consider
performing delayed or intermittent CPR:

- CPR can be delayed by up to 10 min to allow rescuers time to
move the casualty to a safer location.

- If core temperature is 20-28 °C, perform at least 5 min CPR and
<5 min without CPR.

- If core temperature is <20°C, perform at least 5min CPR and
<10 min without CPR.

- If core temperature is unknown, perform at least 5 min CPR and
<5 min without CPR.

- Resume continuous CPR as soon as feasible.

4. Conclusions

Immediate continuous CPR is recommended for CA due to pri-
mary severe hypothermia. Mechanical chest-compression devices
should be used when available and CPR-interruptions avoided. If
this is not possible, CPR can be delayed or performed intermittently.
Based on available data, a patient with a core temperature <28 °C
or unknown with unequivocal hypothermic CA, evidence supports
alternating 5 min CPR and <5 min without CPR. With core temper-
ature <20°C, current evidence supports alternating 5 min CPR and
<10 min without CPR.
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