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ABSTRACT

Introduction Accidental hypothermia (AH) is a rare but
critical disease, leading to death in severe cases. In recent
decades, extracorporeal membrane oxygenation (ECMO)
has been successfully used to rewarm hypothermic
patients with cardiac arrest or circulation instability.
However, data on the efficacy of rewarming using ECMO
for patients with AH are limited. Therefore, a large-scale,
multicentre, prospective study is warranted. The primary
objective of this study will be to clarify the effectiveness
of rewarming using ECMO for patients with AH. Our
secondary objectives will be to compare the incidence

of adverse effects between ECMO rewarming and non-
ECMO rewarming and to identify the most appropriate
management of ECMO for AH.

Methods and analyses The Intensive Care with
ExtraCorporeal membrane oxygenation Rewarming in
Accidentally Severe Hypothermia study is taking place

in 35 tertiary emergency medical facilities in Japan. The
inclusion criteria are patients >18 years old with a body
temperature <32°C. We will include patients with AH who
present to the emergency department from December
2019 to March 2022. The research personnel at each
hospital will collect several variables, including patient
demographics, rewarming method, ECMO data and
complications. Our primary outcome is to compare the 28-
day survival rate between the ECMO and non-ECMO (other
treatments) groups among patients with severe AH. Our
secondary outcomes are to compare the following values
between the ECMO and non-ECMO groups: length of stay
in the intensive-care unit and complications. Furthermore,
in patients with cardiac arrest, the Cerebral Performance
Category score at discharge will be compared between
both groups.

Ethics and dissemination This study received research
ethics approval from Asahikawa Medical University (18194
and 19115). The study was approved by the institutional
review board of each hospital, and the requirement for
informed consent was waived due to the observational
nature of the study.

Trial registration number UMIN000036132.

Strengths and limitations of this study

» This study will be the first large-scale, prospective
study of extracorporeal membrane oxygenation
(ECMO) rewarming for patients suffering from acci-
dental hypothermia.

» This study will evaluate the effectiveness of ECMO
rewarming compared with non-ECMO rewarming
for hypothermic patients with cardiac arrest or cir-
culatory instability.

» This study will also collect blood samples to deter-
mine the relationship between coagulation fibrino-
lysis and ECMO-related complications and identify
optimal ECMO rewarming management approaches
for hypothermic patients.

» However, this study is not a randomised trial, which
means that the adjustment for confounding factors
is not complete.

INTRODUCTION

Accidental hypothermia (AH) is a rare condi-
tion but can be life-threatening in severe
cases.! * Thanks to technological advances
over the past few decades, veno-arterial
extracorporeal membrane oxygenation (V-A
ECMO) has become a viable rewarming treat-
ment for patients with severe hypothermia
with cardiac arrest or severe circulatory insta-
bility.”® Recently, the resuscitation guide-
lines from both the European Resuscitation
Council and the American Heart Association
have recommend the use of ECMO in AH
patients with cardiac arrest.”® However, there
has been limited evidence concerning the
utility of ECMO rewarming in patients with
AH because of the low frequency of eligible
patients. In addition, ethical implications
restrict the utility of randomised controlled
trials. Thus, previous studies on patients with
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AH rewarmed by ECMO have been case reports or single-
centre retrospective analyses."™®

A recent study using the nationwide Japanese Diagnosis
Procedure Combination inpatients database showed that
V-A ECMO was associated with a higher survival rate and
more favourable neurological outcomes than conven-
tional cardiopulmonary resuscitation (CPR) alone in
hypothermic patients with cardiac arrest.” However, this
study has several issues. First, whether or not ECMO
should be initiated in hypothermic patients with circu-
latory instability remains unclear. Second, this study did
not clarify whether ECMO or other rewarming methods
should be used in patients with AH. At present, there are
no clinical guidelines on this point. Third, this study did
not describe the complications associated with ECMO
rewarming in hypothermic patients. The use of ECMO
for hypothermic patients with non-cardiac arrest is highly
debatable, as ECMO is a highly invasive treatment with
potentially serious complications.” Therefore, a large-
scale, multicentre, prospective study is warranted to
resolve these issues.

OBJECTIVES
The primary objective of this study will be to clarify the
effectiveness of ECMO rewarming for hypothermic
patients with cardiac arrest and those with unstable
circulation. We hypothesised that the ECMO rewarming
method is more beneficial in terms of survival than
conventional rewarming methods. Our secondary objec-
tives are to compare the incidence of adverse effects, such
as bleeding, thrombosis and infectious disease between
ECMO rewarming and non-ECMO rewarming. Further-
more, in this study, we will collect blood samples and
perform additional tests related to coagulation and fibri-
nolysis to investigate the relationship between bleeding
or thrombotic complications and anticoagulant use.

The results will help identify the most appropriate
management approach with ECMO for patients with AH.

METHODS AND ANALYSES

Study design and setting

The Intensive Care with ExtraCorporeal membrane
oxygenation Rewarming in Accidentally Severe Hypo-
thermia (ICE-CRASH) study is a prospective, multi-
centre, observational study of patients with AH. The
registry started in December 2019, with a planned 3years
of patient recruitment. The study is taking place at 35
tertiary emergency medical facilities that provide emer-
gency and intensive care treatments to patients with AH
in Japan.

Eligibility criteria

Inclusion criteria

The ICE-CRASH study consists of patients whose core
body temperature measured at the emergency depart-
ment (ED) is less than 32°C. Investigators will enrol

consecutive patients =18 years old with AH, including
those with cardiac arrest. We will include patients with AH
who present to the ED from December 2019 to March
2022.

Exclusion criteria

The following patients will be excluded: patients <18 years
old and those with cardiac arrest who are not eligible for
resuscitation, according to the judgement of the emer-
gency physician at each institution.

Data collection and quality control

A trained investigator or research assistant at each centre
will collect the following data: age, sex, any pre-existing
conditions, activities of daily living, causes underlying the
hypothermia, alcohol intake, anticoagulants, Charlson
Comorbidity Index, Glasgow Coma Scale, Sequential
Organ Failure Assessment score,"” laboratory data, core
body temperature, temperature measurement site, blood
pressure, heart rate, respiratory rate, ECG, cardiac arrest
during prehospital, duration in the intensive care unit,
length of hospital stay, mortality and Cerebral Perfor-
mance Category (CPC) score at discharge, event days
(ventilator, renal replacement therapy and catecholamine
days), amount of transfusion and mortality at 28 days
after admission (table 1). The laboratory data consist of
the following: an arterial blood gas analysis, including the
lactate level, blood count, biochemical tests and coagula-
tion test. Measurement of the body temperature is based
on the core body temperature. If for some reason the
core body temperature cannot be measured, the periph-
eral body temperature will be measured and data on the
measurement site (bladder, rectum, oesophagus, axilla
and others) will be collected. These data will be recorded
in the electronic data capture system (NorthNet; https://
www.crmic-huhp.jp/northnet/edc/).

Rewarming methods will be divided into active external
rewarming (warmed blanket and warmed bath) and
active internal rewarming (warmed fluid infusion, lavage,
haemodialysis, intravascular catheter and ECMO). The
selection of the rewarming method will be decided
based on the attending physician’s judgement. When
rewarming using ECMO is selected, the registry will
also record additional information regarding ECMO as
follows: the ECMO setting (venous-arterial or venous—
venous), the size of the ECMO cannula, the ECMO flow,
presence of distal perfusion, usage and types of anticoag-
ulants, patient status at the start of ECMO (cardiopulmo-
nary arrest (CPA) or non-CPA), time from the scene until
ECMO initiation, duration using ECMO and presence of
weaning from ECMO.

In addition, registry data will be collected concerning
the incidence of complications (ventricular fibrillation,
bleeding, pneumonia, acute pancreatitis, acute kidney
injury) and complications due to ECMO (infection or
thrombosis of cannula). Complications will include
events that occur within 7days after admission. Bleeding
is defined as any amount requiring a transfusion.
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Table 1 Variables collected in this study

Prehospital In-hospital Rewarming time/method Outcome Complications

Age, years Core body Time required for Length of ICU stay Bleeding/thrombosis
temperature rewarming
(measurement site)

Sex GCS Active external rewarming Length of hospital stay Pneumonia

Time from EMS alert to CPA or non-CPA Warmed blanket Mortality at discharge Pancreatitis

ED arrival

Location (indoor or Blood pressure Warmed bath CPC score at discharge Acute kidney injury

outdoor)

Causes underlying the Heart rate Active internal rewarming Event days

hypothermia

ADL ECG Warmed fluid infusion Ventilator

Charlson Comorbidity Respiratory rate Lavage Renal replacement

Index therapy

Laboratory tests
(blood counts,
biochemical tests and
coagulation test)
Arterial blood gas
analysis (including
lactate)

SOFA score ECMO

Haemodialysis

Intravascular catheter

Catecholamine

Transfusion

Mortality at 28 days after
admission

(Venous-arterial or
venous-venous,

cannula size, flow, distal
perfusion, anticoagulant,
time to initiate ECMO,
duration, weaning)

ADL, activities of daily living; CPA, cardiopulmonary arrest; CPC, Cerebral Performance Category; ECMO, extracorporeal membrane
oxygenation; ED, emergency department; EMS, emergency medical service; GCS, Glasgow Coma Scale; ICU, intensive care unit; SOFA,

Sequential Organ Failure Assessment.

Pneumonia is defined as an obvious shadow on chest radi-
ography or CT. Pancreatitis is defined as cases meeting at
least two of the following conditions: (1) abdominal pain,
(2) elevation of pancreatic enzyme levels in the blood and
(3) oedema of the pancreas or peripancreatic effusion on
ultrasound/CT. Acute kidney injury is defined as acute
kidney injury network classification stage >2.

Furthermore, the ICE-CRASH study will collect blood
samples from patients with AH at each participating insti-
tution and perform additional tests related to coagula-
tion and fibrinolysis.

OUTCOMES

Our primary outcome is the comparison of the survival
rate between the ECMO and non-ECMO (other treat-
ments) groups for severe hypothermic patients. Our
secondary outcomes are to compare the CPC score at
discharge between the ECMO and non-ECMO groups
for hypothermic patients with cardiac arrest; to compare
the incidence of complications (ventricular fibrillation,
bleeding, thrombosis, pneumonia, acute pancreatitis,

lower limb ischaemia, acute kidney injury) between the
ECMO and non-ECMO groups; and to clarify the rela-
tionship between the time to ECMO initiation and the
prognosis in the ECMO group.

STATISTICAL PLAN

Sample size estimation

The sample size was calculated based on similar previous
studies.*® Based on the results of previous retrospec-
tive observational studies, we assumed proportions of
surviving patients at 28 days after admission among hypo-
thermic patients with cardiac arrest of 50% in the ECMO
group and 15% in the non-ECMO group.*” For a power
of 80% and a type 1 error of 5%, the number of patients
required is at least 33 in each group. Taking into account
the sample of patients who dropped out during the
process, the total number needed was calculated to be 70
patients. Similarly, we assumed proportions of surviving
patients at 28 days after admission among hypothermic
patients with circulatory instability (non-cardiac arrest)
of 85% in the ECMO group and 55% in the non-ECMO
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group.” Based on the same calculation, the number of
patients required was determined to be at least 43 in each
group, and the total number needed was calculated to be
90 patients.

This study is a registry study, so it will be conducted until
at least March 2022, after which enrolment may continue
in order to increase the number of cases.

Statistical analyses

Categorical variables will be presented as frequencies and
percentages, and continuous variables will be presented as
the means with the SD or medians with the IQR (25th to
75th percentile). Intergroup comparisons will be carried
out using Fisher’s exact test for categorical data and the
Mann-Whitney U test for continuous data. We will use
propensity matching between the ECMO and non-ECMO
groups to adjust for the patient background as much as
possible for statistical analyses. We will then compare the
survival rates of the ECMO and non-ECMO groups.

Ethics and dissemination
This study will be conducted in accordance with the Decla-
ration of Helsinki. It has received research ethics approval
from Asahikawa Medical University (18194 and 19115)
and is registered with the UMIN Clinical Trials Registry. It
has also been approved by the Ethics Committee of each
participating hospital. The need for informed consent
will be waived due to the observational nature of the
study. However, if blood samples are collected for addi-
tional studies, written informed consent will be obtained
from each patient as appropriate.

The results of the study will be disseminated to the
participating hospitals, submitted to peerreviewed jour-
nals for publication and presented at scientific congresses.

DISCUSSION

Since the successful use of ECMO for AH with cardiac
arrest has been reported, many studies have reported the
efficacy of ECMO rewarming in patients with AH.*% In
recent years, the resuscitation guidelines from both the
European Resuscitation Council and the American Heart
Association have recommended the use of ECMO in
AH patients with cardiac arrest.” ® However, at present,
there are no global guidelines concerning the use of
ECMO in AH patients with circulatory instability. The
present findings may support the creation of guidelines
concerning the use of ECMO in AH patients with circula-
tory instability.

Previous studies have shown that severe hypo-
thermia inhibited the platelet function and coagula-
tion.!! 12 However, few retrospective studies have focused
on complications associated with ECMO usage, especially
haemorrhagic and thrombotic complications. Thus, the
incidence of these complications from using ECMO
rewarming in patients with AH remains unclear. In this
study, we will collect blood samples and perform addi-
tional coagulation and fibrinolysis tests to evaluate the

relationship between thrombotic and bleeding complica-
tions during and after rewarming. These results may lead
to the development of a new management approach for
hypothermia specific to ECMO.

According to studies regarding extracorporeal resus-
citation (ECPR) for out-of-hospital CPA patients, the
longer it takes to initiate ECPR, the poorer the neurolog-
ical prognosis."” '* However, this did not apply to patients
with AH resulting in cardiac arrest.”” '® A recent study
showed that the parameter ‘un-witnessed cardiac arrest’
was not associated with a worse outcome.'” However, the
maximum permissible time until the initiation of ECMO
remains unclear. In the present study, we will collect data
on the time to the initiation of ECMO and CPR to clarify
the relationship between the time to ECMO and the prog-
nosis. These results may provide evidence supporting the
feasibility of long-distance transport for the introduction
of ECMO for patients with AH in the future.

Furthermore, a recent retrospective study showed that a
slower ECMO rewarming rate was associated with a better
survival rate,' while another study showed the opposite
result.'” The optimal ECMO rewarming rate thus remains
unclear. The present study will collect data associated with
the ECMO rewarming rate. The results may help establish
safer and more optimal ECMO management methods for
patients with severe hypothermia.
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