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Abstract
Background: Traumatic brain injury is a major cause of death and severe disability worldwide with 1,000,000
hospital admissions per annum throughout the European Union.
Therapeutic hypothermia to reduce intracranial hypertension may improve patient outcome but key issues are
length of hypothermia treatment and speed of re-warming. A recent meta-analysis showed improved outcome
when hypothermia was continued for between 48 hours and 5 days and patients were re-warmed slowly (1°C/4
hours). Previous experience with cooling also appears to be important if complications, which may outweigh the
benefits of hypothermia, are to be avoided.
Methods/design: This is a pragmatic, multi-centre randomised controlled trial examining the effects of
hypothermia 32-35°C, titrated to reduce intracranial pressure <20 mmHg, on morbidity and mortality 6 months
after traumatic brain injury. The study aims to recruit 1800 patients over 41 months. Enrolment started in April
2010.
Participants are randomised to either standard care or standard care with titrated therapeutic hypothermia.
Hypothermia is initiated with 20-30 ml/kg of intravenous, refrigerated 0.9% saline and maintained using each
centre’s usual cooling technique. There is a guideline for detection and treatment of shivering in the intervention
group. Hypothermia is maintained for at least 48 hours in the treatment group and continued for as long as is
necessary to maintain intracranial pressure <20 mmHg. Intracranial hypertension is defined as an intracranial
pressure >20 mmHg in accordance with the Brain Trauma Foundation Guidelines, 2007.
Discussion: The Eurotherm3235Trial is the most important clinical trial in critical care ever conceived by European
intensive care medicine, because it was launched and funded by the European Society of Intensive Care Medicine
and will be the largest non-commercial randomised controlled trial due to the substantial number of centres
required to deliver the target number of patients. It represents a new and fundamental step for intensive care
medicine in Europe. Recruitment will continue until January 2013 and interested clinicians from intensive care units
worldwide can still join this important collaboration by contacting the Trial Coordinating Team via the trial website
http://www.eurotherm3235trial.eu.
Trial registration: Current Controlled Trials ISRCTN34555414
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Background
Traumatic brain injury (TBI) is a major cause of death
and severe disability throughout the world. TBI leads to
1,000,000 hospital admissions per annum throughout
the European Union. It causes the majority of the
50,000 deaths from road traffic accidents and leaves
10,000 patients severely handicapped: three quarters of
these victims are young people [1]. Additionally, TBI
causes 290 000 hospital admissions, 51 000 deaths and
leaves 80 000 patients with permanent neurological disabilities in the United States annually [2]. The consequence of this is both a devastating emotional and
physical impact and an enormous financial burden [3].
Therapeutic hypothermia has been shown to improve
outcome after cardiac arrest [3], consequently the European Resuscitation Council and American Heart Association guidelines [4,5] recommend the use of
hypothermia in these patients. Hypothermia is also
thought to improve neurological outcome after neonatal
birth asphyxia [6]. Cardiac arrest and neonatal asphyxia
patient populations present to health care services
rapidly and without posing a diagnostic dilemma,
therefore therapeutic systemic hypothermia may be
implemented relatively quickly. As a result of this,
hypothermia in these two populations is similar to
laboratory models where systemic therapeutic hypothermia is commenced very soon after the injury and has
shown so much promise [7].
The need for resuscitation and Computerised Tomography (CT) imaging to confirm the diagnosis in
patients with TBI, are factors which delay intervention
with temperature reduction strategies. Treatments in
TBI have traditionally focussed on restoring and maintaining adequate brain perfusion, surgically evacuating
large haematomas where necessary, and preventing or
promptly treating oedema [3]. Brain swelling can be
monitored by measuring intracranial pressure (ICP), and
in most centres ICP is used to guide treatments and to
monitor their success. The use of hypothermia in TBI
should be regarded in this context.
Pathophysiology

Ischaemia has a key role in all forms of brain injury and
preventing ischaemic (or secondary) injury is at the core
of all neuroprotective strategies [3]. A complex cascade
of processes ensues at the cellular level after a period of
ischaemia beginning from minutes to hours after injury
and continuing for up to 72 hours or longer. Thus,
there may be a window of opportunity of several hours,
or even days, during which injury can be mitigated by
treatments such as hypothermia [3].
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Review of Clinical Evidence

In total, 29 clinical studies have been performed to assess
the effects of hypothermia in TBI. Twenty-seven of these
were performed in adult patients, 18 of which included
control groups. Data from one pilot study were subsequently included in a larger study, therefore leaving 17
studies. As outlined above, study protocols have differed
considerably, and not all studies were (properly) randomised [3]. A total of 131 patients were enrolled into two
studies undertaken in patients with normal ICP. Only
one of these studies reported outcome data (at 3 months)
and the results showed no significant difference between
groups (good outcome in 21/45 (hypothermia) versus
27/46 patients (controls), p = 0.251) [8].
Eighteen studies, with outcome data available for 2096
patients, used hypothermia in patients with high ICP
that was refractory to “conventional” treatments (usually
sedation/analgesia, muscle relaxants, osmotic therapy,
and sometimes barbiturates) [9-26]. The results are
summarised in Figure 1. All observed decreases in ICP
during cooling. Thirteen of these studies reported significant improvements in outcome associated with
hypothermia [10,12-14,16,17,19-25]. All of these were
performed in specialised neurotrauma centres, with
experience in applying hypothermia and managing
its side effects. Ten were single centre studies
[10,12,14,16,17,20,22-25], three (all performed in China)
[14,20,22] were multi-centre. Four additional studies
[11,15,18,21] observed a trend to improved outcome,
but these differences were not statistically significant.
Interpretation of these results is complicated by the
fact that these studies have enrolled different categories
of patients, with different types of injuries, and have
used widely diverging treatment protocols [27]. Most
have used elevated ICP as an inclusion criterion
although some have used CT-scan criteria. The duration

STAGE 1

STAGE 2

Admission to the ICU
Ventilation PaO2 11kpa
PaCO2 4.5-5.0kpa
Sedation
Analgesia ±paralysis
30º head of bed elevation
Intravenous fluids ±
inotropes to maintain mean
arterial pressure 80mmHg

Mannitol (maintain serum
osmolarity <315 mOsm/kg)

Ventriculostomy±
cerebrospinal fluid drainage
Surgical removal of space
occupying lesions
± prophylactic
anticonvulsants

STAGE 3

Hypertonic saline (avoid in
hyponatraemic patients,
caution in patients with
cardiac or pulmonary
problems)

Barbiturate therapy

Inotropes to maintain CPP
60mmHg

Decompressive
craniectomy

Monitor blood magnesium
levels and replace as
required
Barbiturates not
permitted
± therapeutic hypothermia

Figure 1 Stages of therapeutic management of raised
intracranial pressure after traumatic brain injury [37,43].
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of cooling varied from 24 hours to more than five days
and re-warming rates have also varied. Some studies
have used ICP to guide depth and duration of treatment
although responses to rebound intracranial hypertension
have differed [3]. Use of co-interventions such as osmotic therapy, sedation, analgesia, paralysis, targets for
mean arterial pressure and cerebral perfusion pressure
(CPP) have also varied considerably [3]. All of these factors can affect outcome after TBI in general, and the
potential efficacy of cooling in particular. Thus interpreting, comparing and aggregating the results of these
studies presents a number of complex challenges.
In contrast, one of the two largest multi-centre randomised controlled trials (RCTs) failed to show that therapeutic hypothermia improved outcome at 6 months
after TBI (Relative Risk (RR) of a poor outcome 1; 95%
CI 0.8-1.2; p = 0.99) [9]. Significantly more of the
patients admitted to hospital with hypothermia who
were randomised to normothermia, and consequently
re-warmed, had a poor outcome (78% n = 31). Compared to patients admitted with hypothermia and treated
with hypothermia (61% n = 38) (p = 0.09).
On subsequent analysis, it became clear that although
this study was methodologically well designed, there
was marked inter-centre variance in the treatment
effect of hypothermia, age of participants, severity of
illness scoring between groups, management of intracranial hypertension and haemodynamic and fluid
management [28]. Therapeutic hypothermia in the
hypothermia group was started relatively late with a
slow speed of cooling (average time to target temperature >8 hours) in all centres.
Hypotension (lasting >2 hours) and hypovolaemia
occurred three times more frequently in the hypothermia group. Bradycardia associated with hypotension also
occurred four times more frequently in this group, electrolyte disorders and hyperglycaemia were also found
more frequently in the hypothermia group [9]. All of
these complications are known side effects of hypothermia. Most are easily preventable with good intensive
care and should not be regarded as inevitable consequences of hypothermia treatment. Since even very brief
episodes of hypotension or hypovolaemia can adversely
affect outcome in TBI, these and other issues may have
significantly affected the results of this trial [29-31]. One
possible problem was that some of the participating centres had little or no previous experience in using
hypothermia. Large centres, familiar with cooling,
showed apparently favourable neurological outcomes
whereas smaller centres showed poor outcomes.
Induction of Hypothermia

The most widely accepted use of hypothermia in adults
is after cardiac arrest. Two RCTs in this patient group
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have shown significant neurological improvements in
patients treated with hypothermia many hours after
injury, whose initial cardiac rhythm was ventricular
fibrillation or ventricular tachycardia [32,33]. Subsequent
data from a large study of patients after myocardial
infarction suggest that infarct size was reduced in
patients who were cooled to <35°C before coronary
intervention [34]. This suggests that faster cooling rates
may be beneficial to patient outcome.
Methods of cooling can be broadly divided into surface and core cooling techniques [35]. The study of
patients after myocardial infarction used surface cooling
devices alone and found that large numbers of patients
did not reach target temperature quickly enough before
the start of the coronary intervention [34]. Despite
advancing technology in surface cooling devices and the
introduction of endovascular catheters for core cooling,
average periods of 2-3 hours are still required to reach
temperatures of 32-34°C [35]. The currently available
surface cooling devices are also relatively large and cumbersome. This, coupled with the need for staff with specialist knowledge of the management of therapeutic
hypothermia, may prevent its use outside of an Intensive
Care Unit (ICU) [35].
A recent study examined the feasibility, speed and
complication rates of infusing refrigerated fluids intravenously to quickly induce hypothermia in patients with
various neurological injuries [35]. Results showed that a
1500 ml infusion of 0.9% saline, administered over 30
minutes, in patients without cardiac shock, reduced core
temperature from 36.9 ± 1.9°C to 34.6 ± 1.5°C at 30
minutes and to 32.9 ± 0.9°C at 60 minutes. Continuous
monitoring of arterial blood pressure, heart rhythm,
central venous pressure, arterial blood gasses and serum
levels of electrolytes, platelets and white blood cells
showed no significant adverse events [35].
When hypothermia develops, the body will immediately try to counteract the temperature drop to maintain
homeostasis [36]. One of the key mechanisms of heat
production is shivering which can lead to an increased
oxygen consumption of 40%-100% which may be detrimental in this patient population. Sedation drugs are
known to increase peripheral blood flow which, in turn,
will increase the transfer of heat from the core to the
peripheries, thus reducing core temperature [36]. Therefore shivering may be counteracted by the administration of sedatives, anaesthetic agents, opiates and/or
muscle relaxants [36].
It should be noted however, that the capacity and
effectiveness of the mechanisms of controlling body
temperature decrease with age. Younger patients will
therefore react earlier and with greater intensity than
older patients. For this reason, induction of hypothermia in younger patients often requires high doses of
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sedation drugs to counteract the counter-regulatory
mechanisms [36].
Meta-analyses

Six meta-analyses have been published between the
years 2000 and 2008 [37-42]. These included various
numbers of trials, with varying quality of randomisation
and blinding procedures. All found a trend to positive
effects of hypothermia on neurological outcome,
although statistical significance was reached in only two
reviews: RR of improved neurological outcome 0.78 (95%
CI 0.63-0.98) [37] and RR 0.68 (95% CI 0.52-0.89) [38].
The most recent meta-analysis [42] included eight
trials which studied comparable patient groups at baseline. Hypothermia was shown to reduce mortality by
20% although this was not statistically significant (RR
0.80; 95% CI 0.59-1.09). Subgroup analysis showed that
this effect was significantly greatest when hypothermia
was maintained for >48 hours (RR 0.51; 95% CI 0.330.79). Hypothermia was also associated with a non-significant increase of 25% in neurological outcome when
measured by the Glasgow Outcome Scale (GOS) at 6
months (RR 1.25; 95% CI 0.96-1.62). Despite not reaching statistical significance, results showed an increased
likelihood of improved neurological outcome when cooling was maintained for >48 hours (RR 1.91; 95% CI
1.28-2.85). Another key finding of this meta-analysis was
that hypothermia was only of significant benefit to those
patients who had not received barbiturate therapy (RR
0.58 95% CI 0.40-0.85).
A criticism of these meta-analyses is that most failed to
take account of important differences in patient groups
(such as those with or without intracranial hypertension)
and of differences in treatment protocols, except the use
of hypothermia. Only one differentiated between studies
that enrolled patients with normal ICP and those that
enrolled patients with intracranial hypertension and found
no neurological improvement associated with hypothermia
[41]. Two assessed effects of treatment duration and speed
of re-warming [37,38], concluding that cooling for
>48 hours and re-warming rates of 24 hours, or 1°C/4
hours, were both key factors in reducing mortality
(RR 0.70; 95% CI, 0.56-0.87) and improving neurological
outcome (RR, 0.79; 95% CI 0.63-0.98) respectively.
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patients were re-warmed slowly (1°C/4 hours). Experience with cooling also appears to be important if complications which may outweigh the benefits of
hypothermia are to be avoided.
The Eurotherm3235Trial is examining the relationship
between therapeutic hypothermia for ICP reduction
after TBI and patient outcome. The trial is enrolling
patients with TBI who have ICP >20 mmHg that is
resistant to stage 1 therapy (Figure 1).
The Brain Trauma Foundation’s recommended threshold for treatment of ICP is 20 mmHg [37,43]. Although
early cooling after injury is considered to be beneficial,
this is offset by failure to show benefit from hypothermia in the absence of raised ICP. Enrolment to the trial
is therefore allowed for up to 72 hours following injury.
This potential delay in cooling is compensated for, to an
extent, by inducing hypothermia with 20-30 ml/kg of
refrigerated 0.9% saline given intravenously over 20-30
minutes. No maximum duration of cooling is specified
and hypothermia can continue until ICP is no longer
dependent on temperature reduction to remain below
20 mmHg. Patients are then slowly re-warmed at a rate
of 0.25°C per hour (1°C/4 hours).
The Extended Glasgow Outcome Scale (GOSE) is used
to assess patient outcome at 6 months. Many patients
with severe TBI are expected to have poor outcome.
This outcome questionnaire is used as it is more sensitive to differences between poorer outcome categories
after TBI than the 5-point Glasgow Outcome Score
(GOS) [44,45].

Study Objectives
Hypothesis

Patients treated with therapeutic hypothermia (32-35°C)
have reduced morbidity and mortality rates compared to
those receiving standard care alone after TBI.
Research Questions

Does therapeutic hypothermia (32-35°C) reduce morbidity and mortality rates at 6 months after TBI assessed
by the GOSE questionnaire?
Does therapeutic hypothermia (32-35°C) reduce intracranial hypertension?
Is therapeutic hypothermia a costeffective treatment to
improve outcome after TBI?

Rationale for Study

The evidence from previous research shows that treatment with therapeutic hypothermia to reduce intracranial hypertension may improve patient outcome after
TBI. A recent meta-analysis has shown key relationships
between the duration of hypothermia treatment and
speed of re-warming with patient outcome [42].
Improved patient outcome was found when hypothermia was continued for between 48 hours and 5 days and

Study Endpoints
Primary

• Outcome at 6 months using the GOSE questionnaire
Other

•
•
•
•

6 month mortality rate
ICP control
Incidence of pneumonia across both groups
Length of stay in the ICU and hospital
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• Modified Oxford Handicap Scale score at one
month, discharge from the randomising hospital or
death, whichever occurs first
• Correlation between the predicted outcome using
the modified Oxford handicap scale at hospital discharge and the GOSE Score at 6 months post injury
• Health economics (dependent on additional external funding).

Methods/design
This is a pragmatic, multi-centre randomised controlled
trial to examine the effects of hypothermia (32-35°C) on
outcome after traumatic brain injury. The study is
recruiting for 41 months. Participants are randomised to
either the control or intervention group (Figure 2). Participants allocated to the control group receive standard
care without therapeutic hypothermia. Participants randomised to the intervention group receive standard care
with therapeutic hypothermia. Hypothermia is initiated
with 20-30 ml/kg refrigerated 0.9% saline given intravenously and maintained using the cooling technique
available at that centre. A flowchart has been designed
for the induction and maintenance of therapeutic
hypothermia in the intervention group. The depth of
hypothermia (range: 32-35°C) is guided by ICP with a
higher pressure level warranting a cooler target temperature. A guideline has been produced for the detection and treatment of shivering in the intervention
group. This has been designed specifically for this trial
drawing on:
• the hospital protocol of the Mission Hospital,
Orange County California (permission given by
Mary Kay Bader, Neuro Clinical Nurse Specialist,
Mission Hospital, Orange County, Ca, USA)
• The hospital protocol of the University Medical
Centre, Utrecht, The Netherlands (permission given
by Dr Kees Polderman, UMC, Utrecht, The
Netherlands)
• The Bedside Shivering Assessment Scale [46]
Therapeutic hypothermia of 32-35°C is maintained for
at least 48 hours in the treatment group. Previous studies have shown that therapeutic hypothermia which
lasts for at least 48 hours shows a trend to reduction in
mortality and improved neurological function after TBI
[42]. Hypothermia is continued for as long as is necessary to reduce and maintain ICP <20 mmHg. Intracranial hypertension is defined as an ICP >20 mmHg by
the Brain Trauma Foundation Guidelines [37]. Together
with therapeutic hypothermia, all patients in the intervention group continue to be treated with stage 1 and 2

Page 5 of 12

therapies as required to reduce intracranial hypertension
[37,38]. If raised ICP becomes resistant to these therapies and despite increasing the depth of hypothermia,
care may be escalated to include stage 3 interventions.
If this is required, therapeutic hypothermia treatment
should be terminated for patients allocated to the
treatment group and the patient re-warmed using the
re-warming guideline. The reason for treatment escalation should be documented on the daily data collection
form.
The primary endpoint of the Eurotherm3235Trial is
outcome 6 months after TBI using the GOSE questionnaire. Participants are sent the GOSE questionnaire with
a covering letter by post 6 months after randomisation
by the coordinating centre.
Study Population
Sample Size

A total of 1800 patients (900 per treatment group) will
be enrolled. At least 70 hospitals specialising in the care
of TBI patients will be initiated worldwide including
centres in Belgium, Germany, Italy, Netherlands, Spain,
Sweden and the United Kingdom.
Inclusion Criteria

1) Believed to be legal age for consent to take part in
research to 65 years of age
2) Primary closed TBI
3) Raised ICP >20 mmHg for ≥5 minutes after first
line treatments with no obvious reversible cause e.g.
patient position, coughing, inadequate sedation
4) ≤72 hours from the initial head injury
5) Cooling device or technique available for >48
hours
6) Core temperature ≥36°C (at the time of
randomisation)
7) An abnormal CT scan of the brain. This is
defined as one that shows haematoma, contusion,
swelling, herniation or compressed basal cisterns.
Exclusion Criteria

1) Patient already receiving therapeutic hypothermia
treatment
2) Administration of barbiturate infusion prior to
randomisation
3) Unlikely to survive for the next 24 hours in the
opinion of the ICU Consultant or Consultant Neurosurgeon treating the patient
4) Temperature ≤34°C at hospital admission
5) Pregnancy (all female patients of child bearing age
who meet the inclusion criteria will undergo a urine
pregnancy test. This is performed as part of the
screening for eligibility procedure by the investigator
or research nurse in the ICU).

Andrews et al. Trials 2011, 12:8
http://www.trialsjournal.com/content/12/1/8

Page 6 of 12

Traumatic Brain Injury Management
Admission to the ICU
Stage 1 therapy
ICP >20mmHg within 72 hours of injury - Check eligibility, obtain

consent then RANDOMISE the patient

Control Group
Standard Care
(Stage 1+2)
without therapeutic
hypothermia
Barbiturates not
permitted

Treatment Group
Standard Care
(Stage 1+2)
HYPOTHERMIA 3235ºC for  48 hours
20-30 ml/kg infusion of
refrigerated 0.9% saline
then a cooling technique
available at the centre
Barbiturates not
permitted

Stage 3 Options (if required)
Continued Medical Care
Barbiturate Therapy with processed EEG
monitoring
Decompressive Craniectomy
Further surgical intervention if required

Day 28, hospital discharge
or death
Modified Oxford Handicap Scale
Length of Stay in ICU and Hospital

6 month Follow-up
Extended Glasgow Outcome
Scale questionnaire

Figure 2 Eurotherm3235Trial study flowchart.
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Participant Selection and Enrolment
Identifying Participants

Eligible participants are identified by nursing and medical staff on the ICU.
Consenting Participants

Eligible patients for this study must have raised ICP
despite stage 1 treatment options for the management
of head injury. Stage 1 treatment options include sedation and ventilation therefore participants are not be
able to give informed consent themselves.
The patient and relative information sheets were
designed in consultation with patients who had suffered
a TBI and their relatives. Consultations took place at
the drop-in centre for the Edinburgh Headway Group, a
registered charity for brain injured patients http://www.
edinburghheadway.org.uk.
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wish to withdraw from the trial at any point. If this is
the case, it should be made clear on a Premature Withdrawal Form whether any previously collected data may
still be used for the analysis and which part of the trial
the patient is being withdrawn from:
1)Withdraw entirely - the hypothermia intervention
is safely terminated, no further data is collected and
previous data collected will not be used in the
analysis.
2)Withdraw entirely - no further data is collected
and the intervention is safely terminated but data
previously collected may be used in the analysis.
3)Withdraw from the intervention but be willing to
be followed up.
4)Withdraw from being followed up only.

Screening for Eligibility

A screening log is completed for all eligible patients.
Data including inclusion criteria met, exclusion criteria
not met and date consent obtained are collected on this
form. It is kept in a locked cabinet at the centre. This
data are slso entered in the trial database via the electronic case report form (CRF) in order for the trial office to
monitor recruitment and/or refusal rates at each site.
Randomisation

Patients should be randomised as soon as possible after
meeting the inclusion criteria. The randomisation of
participants to hypothermia or standard care is undertaken using either a central internet based randomisation
service or a telephone randomisation service depending
on the available technology at each site.
Treatment allocation is minimised using the following
baseline covariates (but includes a random element to
ensure allocation concealment):
1) Trial Centre
2) Age < or ≥45 years
3) Post-resuscitation Glasgow Coma Score motor
component 1-2 or 3-6
4) Time from injury < or ≥12 hours
5) Pupils: both reacting or 1 or neither reacting
Treatment Allocation

It is not possible to blind local investigators to allocation
as it is obvious clinically which patients are receiving
hypothermia e.g. equipment required, patient temperature, blood results, fluid requirements. Blinding of outcome data assessment is however be ensured as the
GOSE questionnaire is posted to participants by the
coordinating centre.
Premature Withdrawal

Participation in any research trial is voluntary and therefore the participant or their legal representative may

If the patient wishes to withdraw from the trial or
their legal representative wishes to withdraw them, they
are free to do so without giving a reason and without
the patient’s medical care or legal rights being affected
[47]. If however the patient is withdrawn from the study
by the doctor in charge of their care on medical
grounds, the reason for this withdrawal must be clearly
documented in the data collection form and a serious
adverse event form completed if appropriate.
Data Collection and Checking

Daily data collection starts on the day of randomisation
(baseline) for all patients and continues until the ICP
monitor has been removed. Data is collected using an
electronic CRF. This includes the Modified Oxford Handicap Scale which is completed at hospital discharge.
Paper copies of all CRFs are available to centres with little or no access to the internet. All CRFs must be completed in English and is managed by Lincoln, Paris.
Blinded and patient identifiable data are stored separately in secure databases. All patient identifiable data
are stored by the coordinating centre.
Follow-up Data

The patient’s General Practitioner/Family Doctor is sent
a letter by post to inform them of the patient’s involvement in the Eurotherm3235Trial.
Patient outcome is assessed 6 months after injury
using the GOSE questionnaire. As this is the primary
endpoint of the study, it is vital that this information is
obtained. If the patient is still in hospital 6 months after
the injury, the research nurse or investigator may visit
the patient on the ward to go through the questionnaire
with them if this is appropriate. If however the patient
has been discharged from hospital, the questionnaire is
sent to their residing address. A member of the trial
team will telephone the patient’s family doctor to find
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out their vital status before any questionnaires are sent
to the patient.
It is likely that the patient is unable to complete the
questionnaire by themselves due to the nature of their
injury. Therefore a letter will also be sent to the person
who gave consent for the patient inviting them to help
the patient to complete the form and remind them of
the study. This is sent at the same time as the GOSE
questionnaire is sent to the patient. If a response is not
received from the patient within 3 weeks, they are sent
the shorter GOS questionnaire with a covering letter.
If there is still no response, and the patient has been
discharged from hospital, an attempt will be made to
contact them directly by telephone. If the patient lacked
capacity at hospital discharge and cannot be contacted
directly by telephone, the person who consented for the
patient to be enrolled in the study is telephoned and
asked to complete the shorter GOS questionnaire over
the telephone.
If however the patient regained capacity before hospital discharge and has given consent to continue to be
involved in the follow-up phase of the study, yet cannot
be contacted directly by telephone, no further contact is
made. This process is discussed during the consent
procedure.
Staff in Edinburgh work closely with local investigators to obtain data that are as complete and accurate as
possible. Key data, such as outcome measures, are 100%
double entered into the trial database. Extensive range
and consistency checks are further enhance the quality
of the data.
Statistics and Data Analysis
Sample Size Calculation

The primary endpoint for this trial is outcome at 6
months measured by the GOSE questionnaire. The
main evidence on therapeutic hypothermia has been
gathered by six meta-analyses published between the
years 2000 and 2008. These included varying numbers
of clinical trials and examined each trial based on an
assessment of the quality of randomisation and blinding
procedures. All meta-analyses found a trend to positive
effects of hypothermia on neurological outcome, but statistical significance was reached in only two [37,38].
A major reason for the failure of previous Phase III
trials in TBI has been that they have typically been
powered to detect an absolute decrease in poor outcome of around 10%. This is an unrealistic target in
view of the enormous heterogeneity of the TBI population. A more modest 7% absolute decrease remains
clinically relevant and is more realistic as a hypothesised treatment effect (corresponding to an odds ratio
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of 0.75). Two groups of 815 give 80% power at the 5%
significance level (2-sided) to detect a decrease in poor
outcome from 60% to 53% and two groups of 900
would give 83% power to detect the same difference at
the same significance level. We aim to enrol 1800
patients in the main trial to allow for loss to follow up.
Importantly, we have been conservative with the power
calculation to reduce the chance of conducting another
underpowered trial in this field.
Proposed Primary Analysis

A detailed Statistical Analysis Plan (SAP) setting out full
details of the proposed analyses will be finalised before
the trial database is locked for analysis. The primary
analysis will follow these principles:
• The analysis will be undertaken on the ‘intentionto-treat’ principle.
• The estimated treatment effect will be presented
along with its corresponding 95% confidence
interval.
• The analysis of the primary outcome measure, the
6 month GOSE, will exploit the ordinal nature of
the outcome scale. It is currently an active research
question in both TBI and stroke trial methodology
which approach to use to analyse such ordinal outcome scales, the two main options being ‘shift analysis’ and the ‘sliding dichotomy’. The preferred
approach will be declared in the SAP, taking into
account the results of current on-going methodological research.
• The primary analysis will be adjusted for key baseline covariates, to be specified in the SAP. The unadjusted analysis will also be presented as a sensitivity
analysis.
• All interim efficacy analyses reviewed by the independent Data and Safety Monitoring Committee will
be interpreted according to the strict Peto-Haybittle
guideline so that no adjustment is required to the
final p-value to allow for the multiple testing.
Other Planned Analyses

A priori sub-group analysis will be presented testing the
relationship between minimisation factors including: age
<45 years, admission post resuscitation Glasgow Coma
Score motor response <2, time from injury <12 hours
and outcome. The analysis will test for interaction
effects, and stricter levels of statistical significance (p <
0.01) will be sought, reflecting the exploratory nature of
these subgroup analyses. Only the primary outcome
measure will be used in these analyses.
Other exploratory and observational studies will be
conducted by some centres. These sub-studies will be
run by local Investigators and will require approval by
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the trial management and steering committees together
with further ethical approval. All sub-studies must also
have secured external funding.
Economic Analysis

The undertaking of economic data collection and analysis will be dependent on obtaining external funding.
Details of this analysis will be added when external
funding is obtained.
Adverse Events

The only serious adverse events to be collected are:
• Bleeding - defined as a new haemorrhage requiring
≥2 units of packed red cells.
• Cardiovascular instability - defined as a systolic
blood pressure <90 mmHg for ≥30 minutes [37].
Terminal hypotension is not be collected.
• Thermal burns >5% of body surface area using the
Lund-Browder Chart.
• CPP < 50 mmHg for ≥15 minutes.

Trial Management and oversight arrangements
Project Management Group
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paper CRFs, monitoring response to follow up questionnaires, following up missing data queries and non
responses to questionnaires with the local investigators.
The statistical and scientific integrity of a major clinical trial is enhanced by incorporating three distinct statistician roles: the Study Statistician who undertakes all
statistical tasks including formal analysis and reporting
of data, the DSMC and an Independent Statistician.
This Statistician is truly independent having no trial
involvement except producing unblinded interim reports
for the DSMC at specified time periods.
Subject to additional funding being obtained, a health
economist is responsible for the development of the
data collection forms required for the economic evaluation, the analysis of economic data and the preparation
of the economic evaluation component of the final
report.
An IT programmer has established a database management system for efficient conduct of the trial including the randomisation, timely despatch of
questionnaires, automatic form monitoring, data validation and cleaning.
Trial Steering Committee

The trial will be coordinated by a project management
group, consisting of the grant-holder and Chief Investigator in Edinburgh, Trial Managers and advisers.

The TSC oversees the conduct and progress of the trial.
Other members of the trial management group may
attend as observers at the invitation of the Chair of the
steering committee.

Trial Management

Data and Safety Monitoring Committee

The trial office is associated with the Edinburgh Clinical
Trials Unit in the University of Edinburgh and gives day
to day support to the clinical centres. Trial office staff
are responsible for all aspects of trial management.
These responsibilities include providing research advice
and support to all centres, ensuring the timely completion of CRFs in collaboration with all centres, data
checking and analysis. The trial office staff are also be
responsible for the production of progress reports for
the data and safety monitoring committee (DSMC), trial
steering committee (TSC), ethics committees and the
European Society of Intensive Care Medicine (ESICM)
who are funding the study. Publication and dissemination of the study results will be coordinated by the Edinburgh Clinical Trials Unit in collaboration with the
Chief Investigator and Principle Investigators.
A senior Trial Manager oversees the study and is
accountable to the Chief Investigator. Two Trial Managers supervise the day to day conduct of the trial,
including: initiation of trial centres, ensuring training
records are maintained and updated, supervision and
support of all trial staff, site visits to all participating
centres, regularly liaising with all trial investigators,
monitoring of centres and site closures. The Secretary/
Data Clerk is responsible for all administrative responsibilities of the trial, including: manual data entering from

An independent DSMC has been established to oversee
the safety of the trial participants. During the period of
recruitment to the trial, interim analyses will be supplied, in strictest confidence, to the DSMC together
with any other analyses that the committee may request.
In the light of these analyses, the DSMC will inform
the TSC if, in the opinion of the committee, the randomised comparison in the trial has provided either:
a) proof beyond reasonable doubt that for all or some
types of patients, the intervention is clearly indicated.(or
contraindicated) in terms of a net reduction in morbidity and mortality across groups. (Appropriate criteria for
proof beyond reasonable doubt cannot be specified precisely. A difference of at least three standard deviations
in the interim analysis of a major endpoint may be
needed to justify halting, or modifying, such a study prematurely. If this criterion were to be adopted, it would
have the practical advantage that the exact number of
interim analyses would be of little importance, and so
no fixed schedule is proposed (Peto R et al Br J Cancer
1976; 34: 584-612).
b) evidence that might reasonably be expected to
influence materially the care of people who require ICP
management in ICU by clinicians who know the results
of this and comparable trials.
c) Futility of enrolment.
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The TSC will then decide whether or not to modify
recruitment to the trial. Unless this happens, the TSC,
project management group, clinical collaborators and
trial office staff will remain blinded to the interim
results. The conduct of the DSMC is according to the
DAMOCLES principles [48].
Inspection of Records

Principal investigators and institutions involved in the
study will permit trial related monitoring, audits,
research ethics committee review and regulatory inspection(s). In the event of an audit, the investigator agrees
to allow the sponsor, representatives of the sponsor or
regulatory authorities direct access to all study records
and source documentation.
Study Monitoring

The study will be monitored on behalf of the Co-Sponsors by the Trial Managers. Site staff should be available
to facilitate the monitoring visits and must ensure that
all required documentation is available for review.
Study initiation visits are carried out at all sites before
recruitment commences at that site. Site monitoring is
carried out in sites that recruit more than 10 patients
throughout the duration of the trial. During these monitoring visits, the Trial Manager(s) carry out Source Data
Verification of trial data, verification of informed consent forms and ensure the completeness of the Investigator Site File. Site monitoring is not be carried out
routinely for sites recruiting small numbers of patients.
Central quality control checks of trial data are however
be carried out as described in section 6.0. Where central
quality control of data identifies a problem with data
collection at any site, or if the Chief Investigator and/or
Co-Sponsors have concerns surrounding the quality or
validity of the trial data at any site, a site monitoring
visit will be conducted.
Serious breaches in the study protocol and/or Good
Clinical Practice identified through trial monitoring
will be notified immediately to the Co-Sponsors
and appropriate corrective action will be taken and
documented.

Discussion
The Eurotherm3235Trial is the result of a Delphi exercise surveying ESICM member’s views on research priorities and started in January 2009 with protocol
development. This trial is therefore unique, being identified as a priority by members of a scientific society and
funded, independent of industry, by the same scientific
society.
The burden of bureaucracy that investigators now
have to face to conduct clinical trials is larger than ever
before. One particular aspect of recent legislation
delayed the development of the Eurotherm3235Trial
database and management of potential legislative
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impediment (Commission Nationale De L’informatique
Et Des Libertés). This has meant that the data server(s)
are now hosted in the University of Edinburgh (UoE).
The database went live on April 9, 2010 and prior to
this, the trial could not randomise patients outside of
Edinburgh.
Detailed contracting is now necessary in all academic
clinical trials. The contracts required for the Eurotherm3235Trial include:
• the financial contract between ESICM and the
UoE;
• the provision of the trial database between Lincoln,
ESICM and the UoE;
• clinical site agreements between the UoE and each
recruiting centre (including financial agreement);
• separate contracts for the UK and international
sites including Italy, Germany, Russia, Hungary and
Greece, required to incorporate the Laws of each
participating country. International contracts have
been translated to a legal standard then similarly
back-translated to ensure consistency whichtakes
approximately 6 weeks;
• a service level agreement has between the Chief
Investigator and the UoE for the data stored in
Edinburgh.
The trial has already achieved many milestones. It is
registered with the European registry of trials (http://
www.controlled-trials.com ISRCTN34555414). Sponsorship has been agreed: the trial is co-sponsored by the
UoE and NHS Lothian in the UK and the UoE outside
the UK. Insurance for non-negligent harm has been provided by the UoE for European and Australasian centres
but the associated high per-claim-deductable for USA
centres has slowed progress in North America. Research
ethics committee approval was obtained in Scotland and
England in June 2009 and Hungary, Eire, Estonia, Russia, Italy and Germany in May-July 2010, and submissions are well advanced in Greece, Portugal and
Belgium. National Institutes for Health Research Portfolio Adoption was achieved following a complex and
time consuming process in the UK. This does however
make the trial more attractive to UK centres. Trial documentation has been translated into various European
languages including Italian, French, German, Dutch,
Estonian, Russian, Hungarian, Greek, Flemish and
Portuguese.
The current emphasis is on developing the recruitment infra-structure, which is ongoing. This effort
required an extremely high level of input; however, the
Eurotherm3235Trial is in good shape for the ongoing
challenge of the recruitment phase as a result of the
hard work of the Trial Coordinating Team, together
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with Investigators, in establishing the recruitment infrastructure. This work will continue to be of highest
priority in order to maximise recruitment.
The trial is open to all ICUs with TBI patients and we
encourage clinicians to visit the trial website, register
an interest and complete a centre survey. The Trial
Coordinating Team are available to help you with regulatory submissions. The results of the Eurotherm3235Trial will be relevant to all those who look after patients
with TBI. The trial can only be successful if clinicians
and nurses from ICUs worldwide contribute. We thank
the large number of Investigators who are contributing
to this trial already.
Acknowledgements
1. Chief Investigator: Professor Peter Andrews
2. Funded by: The European Society of Intensive Care Medicine
3. Sponsored by: The University of Edinburgh and NHS Lothian
4. Members of the Data Monitoring Committee for their support of this trial.
Professor Peter M. Suter, (Chairman) Président ASSM/SAMW, Centre Médical
Universitaire, Université de Genève, Rue Michel-Servet 1, CH-1211 Genève,
Switzerland. Professor Peter Sandercock, University of Edinburgh, Edinburgh
and Professor Ian Ford, Robertson Institute, Glasgow.
5. Members of the Trial Steering Committee. Professor Ian Roberts
(chairman), London School of Hygiene and Tropical Medicine, Barbara Farrell,
trial manager, Institute of Health Sciences, Oxford OX3 7LF, Dr. Daniel De
Backer, Department of Intensive Care, Erasme University Hospital, Université
Libre de Bruxelles (ULB), 808 Route de Lennik, B-1070 Brussels (Belgium), Dr.
Giuseppe Citerio, Ospedaliera San Gerardo, via Donizetti 106 - 20052, Monza,
Italy and Professor Gordon Murray, University of Edinburgh.
6. Trial protocol based upon “Eurotherm3235Trial PROTOCOL VERSION 6 29th
January 2010”
Author details
1
Department of Anaesthesia, Critical Care and Pain Management, University
of Edinburgh, UK. 2Critical Care Medicine, 3550 Terrace Street, Pittsburgh,
Pennsylvania PA 15261, USA. 3Neurorianimazione, Dipartimento di Anestesia
e Rianimazione, Nuovo Ospedale San Gerardo, Via Pergolesi 33, 20052
Monza (MI), Italy. 4Dipartimento di Anestesiologia e Rianimazione, Università
di Torino, Ospedale S. Giovanni Battista, Torino, Italy. 5Public Health Sciences
section, Division of Community Health Sciences, The University of Edinburgh,
Medical School, Teviot Place, Edinburgh, EH8 9AG, UK. 6Terapia Intensiva
Neuroscienze, Ospedale Maggiore, Policlinico IRCCS, Via S Sforza, 3520 122
Milan, Italy. 7Department of Anaesthesia, Division of Anaesthesia, University
of Cambridge, UK. 8Clinical Trials Unit, London School of Hygiene and
Tropical Medicine, Keppel Street, London WC1E 7HT, UK. 9Erasme University
Hospital, Free University of Brussels, 808 Route de Lennick Brussels, B-1070,
Belgium.

Page 11 of 12

4.

5.
6.

7.
8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.

Authors’ contributions
Eurotherm3235Trial collaborators conceived the study, participated in its
design and drafted the manuscript. All authors have read and approved the
final manuscript.

21.

Competing interests
The authors declare that they have no competing interests.

22.

Received: 29 September 2010 Accepted: 12 January 2011
Published: 12 January 2011

23.

References
1. European Brain Injury Society: European Brain Injury Society. 2004 [http://
www.ebissociety.org/head-injury.html].
2. Ghajar J: Traumatic Brain Injury. Lancet 2000, 356:923-929.
3. Polderman KH: Induced Hypothermia and fever control for prevention
and treatment of neurological injuries. Lancet 2008, 371:1955-1969.

24.

25.

Nolan JP, Deakin CD, Soar J, Bottiger BW, Smith G: European Resuscitation
Council Guidelines for resuscitation: Section 4 Adult Advanced Life
Support. Resuscitation 2005, 67(supplement 1):s39-s86.
American Heart Association: Guidelines for CPR and ECC. Part 7.5 Postresuscitation support. Circulation 2005, 112(24 Supplement):84-88, IV.
Jacobs S, Hunt R, Tarnow-Mordi W, Inder T, Davis P: Cooling for newborns
with hypoxic ischaemic encephalopathy. Cochrane Database of Systematic
Reviews (CD003311) 2007.
Dietrich WD, Bramlett HM: Hypothermia and central nervous system
injury. Progress in Brain Research 2007, 162:201-217.
Shiozaki T, Hayakata T, Taneda M, Nakajima Y, Hashiguchi N, Fujimi S,
Nakamori Y, Tanaka H, Shimazu T, Sugimoto H: A multicenter prospective
randomized controlled trial of the efficacy of mild hypothermia for
severely head injured patients with low intracranial pressure. Mild
hypothermia study group in Japan. Journal of Neurosurgery 2001, 94:50-54.
Clifton GL, Miller ER, Choi SC, Levin HS, McCauley S, Smith KR, Muizelaar JP,
Wagner FC, Marion DW, Luerssen TG, et al: Lack of effect of Induction of
Hypothermia after Acute Brain Injury. New England Journal of Medicine
2001, 344:556-563.
Shiozaki T, Sugimoto H, Taneda M, Yoshida H, Iwai A, Yoshioka T,
Sugimoto T: Effect of Mild Hypothermia on uncontrollable raised
intracranial hypertension after severe head injury. Journal of Neurosurgery
1993, 79:363-386.
Clifton GL, Allen S, Barrodale P, Plenger P, Berry J, Koch S, Fletcher J,
Hayes RL, Choi SC: A phase II study of moderate hypothermia in severe
brain injury. Journal of Neurotrauma 1993, 10:263-271.
Marion DW, Penrod LE, Kelsey SF, Obrist WD, Kochanek PM, Palmer AM,
Wisniewski SR, DeKosky ST: Treatment of traumatic brain injury with
moderate hypothermia. New England Journal of Medicine 1997,
336:540-546.
Jiang JY, Yu MK, Zhu C: Effect of long-term mild hypothermia therapy in
patients with severe traumatic brain injury: 1 year follow up review of
87 cases. Journal of Neurosurgery 2000, 93:546-549.
Zhang K, Wang JX: Comparitive study on mild hypothermia in patients
with severe head injury and the most severe head injury. Inner
Mongolian Medical Journal 2000, 32:4-6.
Polderman KH, Peerdeman SM, Girbes AR: Hypophosphatemia and
hypomagnesemia induced by cooling in patients with severe head
injury. Journal of Neurosurgery 2001, 94:697-705.
Yan Y, Tang W: Changes of evoked potentials and evaluation of mild
hypothermia for treatment of severe head injury. Chinese Journal of
Traumatology 2001, 4:8-13.
Polderman KH, Tjong Tjin JR, Peerdeman SM, Vandertop WP, Girbes ARJ:
Effects of artificially induced hypothermia on intracranial pressure and
outcome in patients with severe traumatic brain injury. Intensive Care
Medicine 2002, 28:1563-1567.
Gal R, Cundrle I, Smrcka M: Mild hypothermia therapy for patients with
severe brain injury. Clinical Neurology and Neurosurgery 2002, 104:318-321.
Zhi D, Zhang S, Lin X: Study on therapeutic mechanism and clinical
effect of mild hypothermia in patients with severe head injury. Surgical
Neurology 2003, 59:381-385.
Qiu W, Shen H, Zhang Y, Wang W, Liu W, Jiang Q, Luo M, Manou M:
Noninvasive selective brain cooling by head and neck cooling is
protective in severe traumatic brain injury. Journal of Clinical Neuroscience
2006, 13:995-1000.
Jiang JY, Xu W, Li WP, Gao GY, Bao YH, Liang YM, Luo QZ: Effect of longterm mild hypothermia or short-term mild hypothermia on outcome of
patients with severe traumatic brain injury. Journal of Cerebral Blood Flow
and Metabolism 2006, 26:771-776.
Qiu WS, Liu WG, Shen H, Wang WM, Hang ZL, Zhang Y, Jiang SJ, Yang XF:
Therapeutic effect of mild hypothermia on outcome of patients with
severe traumatic brain injury. Chinese Journal of Traumatology 2005, 8:27-32.
Liu WG, Qiu WS, Zhang Y, Wang WM, Lu F, Yang XF: Effects of selective
brain cooling in patients with severe traumatic brain injury: a
preliminary study. Journal of International Medical Research 2006, 34:58-64.
Qiu W, Zhang Y, Sheng H, Zhang J, Wang W, Liu W, Chen K, Zhou J, Xu Z:
Effects of therapeutic mild hypothermia on patients with severe
traumatic brain injury after craniotomy. Journal of Critical Care 2007,
22:229-236.
Aibiki M, Maekawa S, Yokono S: Moderate hypothermia improves
imbalances od thromboxane A2 and prostaglandin 12 production after

Andrews et al. Trials 2011, 12:8
http://www.trialsjournal.com/content/12/1/8

26.

27.

28.

29.

30.

31.

32.

33.

34.
35.

36.

37.

38.

39.

40.

41.
42.

43.

44.

45.

traumatic brain injury in humans. Critical Care Medicine 2000,
28:3902-3906.
Marion DW, Obrist WD, Carlier PM, Penrod LE, Darby JM: The use of
moderate therapeutic hypothermia for patients with severe head
injuries: a preliminary report. Journal of Neurosurgery 1993, 79:354-362.
Polderman KH, Ely EW, Badr AE, Girbes AR: Induced Hypothermia in
traumatic brain injury: considering the conflicting results of metaanalyses and moving forward. Intensive Care Medicine 2003, 29:1637-1644.
Clifton GL, Choi SC, Miller ER, Levin HS, Smith KR, Muizelaar JP, Wagner FC,
Marion DW, Leurssen TG: Intercenter variance in clinical trials of head
trauma - experience of the National Acute Brain Injury Study:
Hypothermia. Journal of Neurosurgery 2001, 95:751-755.
Fearnside MR, Cook RJ, McDougall P, McNeil RJ: The Westmead Head
Injury Project outcome in severe head injury. A comparitive analysis of
pre-hospital, clinical and CT variables. British Journal of Neurosurgery 1993,
7:267-279.
Chesnut RM, Marshall SB, Piek J, Blunt BA, Klauber MR, Marshall LF: Early
and late systemic hypotension as a frequent and fundamental source of
cerebral ischemia following severe brain injury in the Traumatic Coma
Data Bank. Acta Neurochirurgica Supplement 1993, 59:121-125.
Ducrocq SC, Meyer PG, Orliaguet GA, Blanot S, Laurent-Vannier A, Renier D,
Carli PA: Epidemiology and early predictive factors of mortality and
outcome in children with traumatic severe brain injury: experience of a
French paediatric trauma centre. Peadiatric Critical Care Medicine 2006,
7:461-467.
Bernard SA, Gray TW, Buist MD: Treatment of comatose survivors of outof-hospital cardiac arrest with induced hypothermia. New England Journal
of Medicine 2002, 346:557-563.
The hypothermia after cardiac arrest study group: Mild therapeutic
hypothermia to improve neurological outcome after cardiac arrest. New
England Journal of Medicine 2002, 346:549-556.
Dixon SR: Infarct angioplasty: beyond stents and glycoprotein IIb/IIIa
inhibitors. Heart 2005, 91(Supplement 3):iii2-iii6.
Polderman KH: Application of therapeutic hypothermia in the intensive
care unit; opportunities and pitfalls of a promising treatment modality Part 2: practical aspects and side effects. Critical Care Medicine 2004,
30:757-769.
Polderman KH, Rijnsburger ER, Peerdeman SM, Girbes ARJ: Induction of
hypothermia in patients with various types of neurologic injury with the
use of large volumes of ice-cold intravenous fluid. Critical Care Medicine
2005, 33(12):2744-2751.
Brain Trauma Foundation, American Association of Neurological Surgeons
(AANS), Congress of Neurological Surgeons (CNS), AANS/CNS joint section
on Neurotrauma and Critical Care: Guidelines for the management of
severe traumatic brain injury., 3 2007.
McIntyre LA, Fergusson DA, Hebert PC, Moher D, Hutchison JS: Prolonged
therapeutic hypothermia after traumatic brain injury in adults: a
systematic review. JAMA 2003, 289:2992-2999.
Harris OA, Colford JM Jr, Good MC, Matz PG: The role of hypothermia in
the management of severe brain injury: a meta-analysis. Archives of
Neurology 2002, 59:1077-1083.
Henderson WR, Dhingra VK, Chittock DR, Fenwick JC, Ronco JJ:
Hypothermia in the management of traumatic brain injury: a systematic
review and meta-analysis. Intensive Care Medicine 2003, 29:1637-1644.
Alderson P, Gadkary C, Signorini DF: Therapeutic hypothermia for head
injury. Cochrane Database for Systematic Reviews 2004, (CD001048).
Peterson K, Carson S, Cairney N: Hypothermia treatment for traumatic
brain injury: a systematic review and meta-analysis. Journal of
Neurotrauma 2008, 25:62-71.
Maas AIR, Dearden M, Teasdale GM, Braakman R, Cohadon F, Iannotti F,
Karimi A, Lapierre F, Murray G, Ohman J, et al: EBIC - Guidelines for
Management of Severe Head Injury in Adults. Acta Neurochirurgica 1997,
139:268-294.
Teasdale GT, Pettigrew LEL, Wilson JTL, Murray G, Jennet B: Analysing
outcome of treatment of severe head injury: a review and update on
advancing use of the Glasgow outcome scale. J Neurotrauma 1998,
15:587-597.
Wilson JT, Pettigrew LE, Teasdale GM: Structured interviews for the
Glasgow Outcome Scale and the extended Glasgow Outcome Scale:
guidelines for their use. J Neurotrauma 1998, 15:573-585.

Page 12 of 12

46. Badjatia N, Strongilis E, Gordon E, Prescutti M, Fernandez L, Fernandez A,
Buitrago M, Schmidt M, Ostapkovich ND, Mayer SA: Metabolic impact of
shivering during therapeutic temperature modulation, the bedside
shivering assessment scale. Stroke 2008, 39:3242-3247.
47. National Patient Safety Agency: National Research Ethics Service:
Information Sheets and Consent Forms. 2007, (Version 3.2).
48. Grant AM, Sydes M, Mcleer S, Clemens F, Altman DG, Babiker A,
Campbell MK, Darbyshire J, Elbourne D, Parmar M, et al: Issues in data
monitoring and interim analysis of the trials (the DAMOCLES study).
2005.
doi:10.1186/1745-6215-12-8
Cite this article as: Andrews et al.: European society of intensive care
medicine study of therapeutic hypothermia (32-35°C) for intracranial
pressure reduction after traumatic brain injury (the Eurotherm3235Trial).
Trials 2011 12:8.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color figure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

