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Out-of-hospital cardiac arrest (OHCA) is a major 
worldwide public health problem1,2 associated 
with a high mortality rate, and with a significant 
risk of brain injury in patients after successful 
resuscitation.2,3 Following return of spontaneous 
circulation (ROSC), a cascade of secondary 
biochemical and perfusion-related changes 
compound the initial hypoxic–ischaemic insult.4,5 
Specifically, the impact of early and sustained 
cerebral vasoconstriction and cerebral hypoxia, 
as demonstrated by multimodal neuromonitoring 
technologies,6-11 may contribute to the poor 
neurological outcomes in these patients. 
Supported by guidelines from the International 
Liaison Committee on Resuscitation,12 the 
standard approach to arterial carbon dioxide 
tension (Paco2) management for resuscitated 
OHCA patients admitted to an intensive care 
unit (ICU) is to target normocapnia and avoid 
hypocapnia.

Observational studies have shown that 
early targeted mild hypercapnia (about 20% 
higher than the normal Paco2 range) might be 
beneficial.13,14 In addition, data have shown 
reduced histological injury associated with mild 
hypercapnia in a porcine post-cardiac arrest 
model.15 In a phase 2 multicentre randomised 
controlled trial of 86 patients, delivering early 
targeted mild hypercapnia (Paco2 50–55 mmHg) 
to those who achieved ROSC was associated 
with reduced levels of neuron-specific enolase (a 
biomarker of brain injury commonly used in OHCA 
patients) and improved neurological recovery.16 
Finally, a physiological crossover study of early 
cardiac arrest survivors showed that targeted 
mild hypercapnia after ROSC increased cerebral 

Abstract

Background: Targeted therapeutic mild hypercapnia may attenuate 
brain injury in comatose adults resuscitated from out-of-hospital 
cardiac arrest.
Objective: To describe the study protocol and statistical analysis plan 
for the Targeted Therapeutic Mild Hypercapnia after Resuscitated 
Cardiac Arrest (TAME) trial.
Design, setting, participants and interventions: TAME is a phase 
3, multicentre, parallel-group, participant- and outcome assessor-
blinded randomised controlled trial that will be conducted in intensive 
care units in Australia, Canada, Ireland, Saudi Arabia, New Zealand, 
Scandinavia, Singapore, Central and Western Europe, and the United 
Kingdom. A total of 1700 comatose adults resuscitated from out-
of-hospital cardiac arrest will be randomly assigned to 24 hours of 
targeted therapeutic mild hypercapnia (arterial carbon dioxide tension 
50–55  mmHg) or targeted normocapnia (arterial carbon dioxide 
tension 35–45  mmHg) in a 1:1 ratio. TAME recruitment began in 
March 2018 and is expected to be complete in September 2021. 
Main outcome measures: The primary outcome measure is the 
proportion of participants with a favourable functional outcome at 
6 months. Functional outcomes will be assessed using the Glasgow 
Outcome Scale-Extended (GOSE); this scale ranges from 1 to 8, with a 
higher value indicating a better outcome. We will define participants 
with a GOSE of 5 to 8 as having a favourable functional outcome. 
Secondary outcomes include 6-month mortality, cognitive function 
and quality of life. All analyses will be conducted on an intention-to-
treat basis.
Results and conclusions: TAME will compare the effect of targeted 
therapeutic mild hypercapnia versus targeted normocapnia on 
functional outcomes in adults resuscitated from out-of-hospital 
cardiac arrest who are admitted to an intensive care unit.
Trial registration: Australian and New Zealand Clinical Trials Registry 
(ACTRN12617000036314p) and ClinicalTrials.gov (NCT03114033).
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oxygenation as detected by near-infrared spectroscopy.17 
However, the patient-centred and clinically relevant benefits 
of mild hypercapnia for adult patients who are resuscitated 
from OHCA are unknown.

Accordingly, we designed the Targeted Therapeutic 
Mild Hypercapnia After Resuscitated Cardiac Arrest 
(TAME) trial to assess whether early targeted therapeutic 
mild hypercapnia improves neurological outcomes at 6 
months compared with targeted normocapnia in comatose 
patients resuscitated from OHCA. Results of our pilot 
safety, feasibility and biological efficacy study, the CCC 
trial, have been published previously; they demonstrated 
the feasibility of our phase 3 trial design with respect to 
appropriate patient selection, treatment group separation, 
protocol compliance, and adequacy of recruitment.16 Here, 
we describe the protocol and statistical analysis plan for the 
TAME trial to mitigate analysis bias.18-20

Methods

Trial design

The TAME trial is a multicentre, parallel-group, participant- 
and outcome assessor-blinded randomised controlled trial 
that will test the hypothesis that, among adults who are 
comatose following resuscitation from OHCA, targeted 
therapeutic mild hypercapnia improves functional outcomes 
at 180 days after randomisation compared with targeted 
normocapnia. Participants will be allocated to targeted 
therapeutic mild hypercapnia or targeted normocapnia in a 
1:1 ratio. This two-sided superiority trial has been designed 
with reference to the SPIRIT (Standard Protocol Items: 
Recommendations for Interventional Trials) checklist.21

Setting and population

TAME will include 1700 comatose adults resuscitated 
from OHCA from ICUs in Australia, Canada, Ireland, Saudi 
Arabia, New Zealand, Scandinavia, Singapore, Central and 
Western Europe, and the United Kingdom. Patients are 
eligible for inclusion if they are aged ≥ 18 years, no more 
than 3 hours have passed since they achieved sustained 
ROSC (defined as ≥ 20 minutes without the need for chest 
compressions), have experienced an OHCA of a presumed 
cardiac or unknown cause, are unconscious and unable to 
obey verbal commands (score of <  4 on the Full Outline 
of Unresponsiveness [FOUR] scale, which ranges from 0 to 
4, with higher scores indicating better motor function),22 
are eligible for ICU admission without restrictions or 
limitations, and do not meet any of the exclusion criteria 
(Table 1). Recruitment commenced on 4 March 2018 and 
is anticipated to end in September 2021. The proposed 

reporting of flow of participants through the trial is shown 
in Figure 1.

Randomisation and treatment masking (blinding)

Screening for eligibility must be performed as soon as 
possible, but no later than 180 minutes after ROSC, leaving 
an effective inclusion window of 160 minutes (180 minutes 
minus 20 minutes to account for the required ROSC 
period). After screening, participants will be randomly 
assigned to targeted therapeutic mild hypercapnia or 
targeted normocapnia. Randomisation will be performed 
by a clinician via a web-based system involving permuted 
blocks of varying sizes, stratified according to trial site. Co-
enrolment in the Targeted Hypothermia Versus Targeted 
Normothermia After Out-of-Hospital Cardiac Arrest (TTM2) 
trial23 will be performed by using a two-by-two factorial 
allocation approach.

The assigned treatment intervention will be communicated 
to the bedside clinicians who implement the study 
intervention. The nature of the study interventions means 
that treatment providers cannot be blinded. However, trial 
participants and outcome assessors (who will conduct the 
functional outcome assessments) will be unaware of the 
trial-group assignments. In addition, during the analysis and 
writing process, the investigators, statisticians and authors 
will remain unaware of the trial-group assignments. Further, 
the manuscript writing will be performed in duplicate, with 
the groups interchanged. Importantly, group analyses of 
variables that might unblind the randomisation (pH, serum 
bicarbonate levels and respiratory rates) will not be allowed 
before the manuscript has been completed.

Trial intervention

Participants will be assigned to targeted therapeutic mild 
hypercapnia, a Paco2 range of 50–55 mmHg (6.6–7.3 kPa), 
or to targeted normocapnia, a Paco2 range of 35–45 mmHg 
(4.6–6.0 kPa). The intervention period of 24 hours begins at 
the time of randomisation. Participants in both groups will 
be sedated to achieve deep sedation (a target score of –4 on 
the Richmond Agitation–Sedation Scale, which ranges from 
–5 [unarousable] to +4 [combative]).24 Their ventilation will 
be managed as described in Figure 2 and guided by arterial 
blood gas (ABG) data assessed after adjustment to 37°C 
(alpha-stat).25

For participants allocated to targeted therapeutic mild 
hypercapnia, ABG and end-tidal carbon dioxide (ETco2) 
levels will be measured at baseline and used to guide 
respiratory rate adjustments of minute ventilation to remain 
in the mild hypercapnia range. ABG tests will be repeated 
every 4 hours for 24 hours following randomisation or if 
ETco2 values change by > 5 mmHg. For safety, if present at 
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randomisation, severe metabolic acidosis (pH less than 7.1 
and base excess less than –6 mmol/L) will be treated before 
delivery of targeted therapeutic mild hypercapnia begins. 
After the 24-hour intervention period, it is recommended 
that normocapnia be restored slowly over the subsequent 4 
hours (total study period, 24–28 hours).

For participants allocated to targeted normocapnia, ABG 
and ETco2 levels will be measured at baseline and used to 
guide respiratory rate adjustments of minute ventilation to 
remain in the normocapnia range. ABG tests will be repeated 
every 4 hours for 24 hours following randomisation or if 
ETco2 values change by > 5 mmHg.

To optimise time in the allocated Paco2 range during the 
intervention period, the treating physicians can modify patient 
management, including use of sedatives, muscle relaxants and/
or paralysis agents. Each participant’s treating ICU physician 
will decide when to discharge them from the ICU.

Neurological prognostication and withdrawal of life-
sustaining therapies

As the TAME trial is aimed at evaluating an intervention that 
cannot be blinded to the treating clinicians, potential bias 
will be mitigated by using conservative and strict protocols 
for neuroprognostication and related decision making (ie, 
regarding limitations in level of care).

At 96 hours after randomisation or later, a prognosticator 
(neurologist, intensivist or other specialist experienced in 
neuroprognostication) who is unaware of the trial-group 
assignment will perform a neurological assessment of 

participants who are deemed free of 
the effects of sedatives and who remain 
in the ICU. Neuroprognostication 
is based on European Resuscitation 
Council and European Society of 
Intensive Care Medicine guidelines.26 
Prognostication and the potential 
decision to withdraw active intensive 
care are closely related but are 
considered separate entities.

Withdrawal of life-sustaining 
therapies (WLST) based on a presumed 
poor neurological prognosis is not to 
be performed before prognostication. 
However, should further life-
sustaining therapies be deemed 
unethical due to irreversible organ 
failure, a medical comorbidity or other 
reasons, life-sustaining therapies may 
be withdrawn before the protocolised 
neuroprognostication time point. For 
participants in whom brain death is 
established, WLST is defined as death 

rather than WLST. Intervention decisions relating to WLST 
are to be made by the treating physicians, together with the 
participant’s relatives or legal surrogates, as required by local 
legislation. In making such decisions, the treating physician 
may use information from the TAME prognostication 
assessment. The blinded external physician will not make 
any recommendation on WLST.

Concomitant therapies

There are no restrictions to use of other concomitant 
therapies, application of local best practice policies, 
or application of International Liaison Committee on 
Resuscitation guidelines for the care of resuscitated adults 
admitted to an ICU — for example, optimising coronary 
intervention timing and applying targeted temperature 
management.

Outcomes

The primary outcome measure for this trial is the proportion 
of participants with a favourable neurological outcome at 
6 months as assessed using the Glasgow Outcome Scale-
Extended (GOSE).27 A GOSE score of 1 indicates death, 2 
indicates vegetative state, 3 and 4 indicate severe disability, 
5 and 6 indicate moderate disability, and 7 and 8 indicate 
good recovery. A GOSE outcome is deemed to be favourable 
if a participant’s score is ≥ 5.

Secondary outcomes include mortality at ICU discharge 
and hospital discharge. Functional recovery at 6 months will 
be assessed using modified Rankin Scale (mRS) scores.28 An 

Table 1. Eligibility criteria

Inclusion criteria

•	Age ≥ 18 years

•	No more than 3 hours since ROSC

•	Achieved sustained ROSC (20 minutes without chest compressions)

•	Experienced out-of-hospital cardiac arrest of a presumed cardiac or 
unknown cause

•	Unconscious and unable to obey verbal commands (motor response score of 
< 4 on the FOUR scale)*

•	Eligible for intensive care unit admission without restrictions or limitations

Exclusion criteria

•	Unwitnessed cardiac arrest with an initial rhythm of asystole 

•	Temperature on admission < 30°C 

•	Receiving extracorporeal membrane oxygenation before ROSC

•	Obvious or suspected pregnancy

•	Suspected or confirmed intracranial bleeding 

•	Severe chronic obstructive pulmonary disease with long term home oxygen 
therapy

FOUR  =  Full Outline of Unresponsiveness. ROSC  =  return of spontaneous circulation. *  FOUR 
scores range from 0 to 4, with higher motor response scores indicating better motor function.22
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mRS score of 0 represents no symptoms, 1 represents no 
clinically significant disability, 2 represents slight disability, 
3 represents moderate disability, 4 represents moderately 
severe disability, 5 represents severe disability, and 6 
represents death. A mRS score is deemed to be a favourable 
if a participant’s score is ≤  3.28,29 Cognitive functional 
recovery at 6 months will be assessed using the Montreal 
Cognitive Assessment-Blind (MoCA-Blind),30 Informant 

Questionnaire on Cognitive Decline in the Elderly31 and 
Symbol Digit Modalities Test.32 Lower extremity muscle 
strength at 6 months will be assessed using the 30-second 
chair test.33 Health-related quality of life at 6 months will be 
assessed using the visual analogue scale on the European 
Quality of Life 5-Dimension 5-Level questionnaire,34 which 
ranges from 0 to 100, with higher scores indicating better 
health status as assessed by the participant. Safety will 

Figure 1. Proposed reporting of flow of participants through the trial

CA  =  cardiac arrest. COPD  =  chronic obstructive pulmonary disease. ECMO  =  extracorporeal membrane oxygenation. ROSC  =  return of spontaneous 
circulation.
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be assessed by describing the proportion of pre-defined 
adverse events occurring in each group as reported by 
treating clinicians.

In addition, a nested health economic evaluation will be 
conducted using hospital and post-discharge estimates of 
costs, and a nested biomarker assessment will be conducted 
using baseline, 24-hour, 48-hour and 72-hour data relating 
to cardiac, neurological, inflammatory and mitochondrial 
(non-nuclear DNA) biomarkers.

Data collection and management

Trained research coordinators will collect pre-hospital and 
hospital data at each site. Data will be managed in a web-
based case report form.

Enrolled participants will be followed up to death 
or 6 months after randomisation. Data on pre-hospital 
and cardiac arrest characteristics, along with baseline 
characteristics and hospital interventions and outcomes, 
will be collected. Detailed physiological data will be 
collected during the 24-hour intervention period, and daily 
data will be collected during the ICU stay from Day 0 (day 
of randomisation, which is a short day) until Day 7. Details 
regarding physiological and process-of-care data to be 
collected are shown in Table 2.

The primary outcome will be assessed at Day 180. 
Quality-of-life and cognitive assessments will be conducted 

in person, via telephone or by 
videoconference with the participant 
(primary candidate) or their proxy 
(secondary candidate) as close as 
possible to but after Day 180 by 
blinded outcome assessors (eg, 
occupational therapists, physicians, 
research nurses, professional 
outcome assessors). Efforts to 
increase inter-rater reliability include 
the use of psychometrically sounds 
measures, a written follow-up 
manual and training sessions (in 
person or by videoconference) for 
outcome assessors. To avoid missing 
data and to enable a determination 
on outcome status, alternative 
follow-up strategies (such as audit 
of medical notes and review of 
interview records) will be used as 
required. A full list of data being 
collected is shown in Table 3.

Accuracy and consistency checks 
of collected data will be carried 

out by automatic validation, and by pre-specified and ad 
hoc checking by personnel at the coordinating centres. 
On-site data monitoring or remote electronic monitoring 
will be performed by trained project managers and study 
monitors from the Australian and New Zealand Intensive 
Care Research Centre, Irish Critical Care Clinical Trials 
Network and Medical Research Institute of New Zealand 
for participants in Australia, Ireland and New Zealand, 
respectively, and by international trial representatives for 
participants in other countries.

For European sites, participant data will be protected by 
complying with European Union legislation, General Data 
Protection Regulation 2016/679, and all other applicable 
laws, regulations and codes of conduct in any jurisdiction 
relating to the processing of personal data and privacy. This 
includes guidance and codes of practice from the European 
Data Protection Board and Article 29 Working Party. Data 
management will be performed using Spiral Software.

Ethical issues and good clinical practice

The trial has been approved in Australia by the Austin Health 
Human Research Ethics Committee (HREC/17/Austin/209), 
in New Zealand by the Central Health and Disability Ethics 
Committee (17NTA134) and in other regions by the relevant 
local or national ethics review committees. By virtue of the 
inclusion criteria, none of the patients who are eligible 
for this study will be able to provide prospective informed 

Figure 2. Ventilation management of patients allocated to targeted therapeutic 
mild hypercapnia or targeted normocapnia

ABG = arterial blood gas. Etco2 = end-tidal carbon dioxide. Paco2 = arterial carbon dioxide tension. 

TOO
HIGH

Above target Paco2 range

JUST
RIGHT

TOO
LOW

• Increase minute ventilation by increasing the respiratory rate
• Repeat ABG test within 30 minutes of each ventilator setting change 

and every 4 hours thereafter or if ETco2 changes by >5 mmHg
• If Paco2 or ETco2 rise rapidly in a previously stable patient, increase 

respiratory rate and investigate in accordance with  usual practice

Within target Paco2 range
• Maintain minute ventilation at current respiratory rate
• Repeat ABG test every 4 hours for 23 hours following randomisation or 

if ETco2 changes by >5 mmHg
• Continuously monitor ETco2 and haemodynamic status

Below target Paco2 range
• Decrease minute ventilation by decreasing the respiratory rate
• Repeat ABG test every 30 minutes of each ventilator setting change and 

every 4 hours thereafter or if ETco2 changes by >5 mmHg
• If Paco2 or ETco2 fall rapidly in a previous stable patient, decrease 

respiratory rate and investigate in accordance with usual practice
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consent. As such, depending on the circumstances, written 
informed consent will be deferred, obtained from a legal 
surrogate, obtained via a waiver of consent if applicable, 
or obtained from each participant who regains mental 
capacity. The trial is being conducted according to the 
standard requirements of Good Clinical Practice.35

Data safety monitoring committee and interim safety 
analysis

The members of the data safety monitoring committee 
(DSMC) for the TAME trial are Kathy Rowan (Director of 
Scientific and Strategic Development, Intensive Care National 
Audit and Research Centre [ICNARC], London), David 
Harrison (Honorary Professor, Head Statistician, ICNARC, 
London), Manu Shankar-Hari (Consultant Intensivist, Guy’s 
and St Thomas’ National Health Service Foundation Trust, 
London), Duncan Young (Consultant Intensivist, Nuffield 
Department of Clinical Neurosciences, University of Oxford, 
Oxford) and Paul Mouncey (Clinical Trials Unit, ICNARC). 

The role of the DSMC 
is to ensure that the 
rights and safety of the 
study participants are 
protected. The DSMC has 
reviewed and approved 
the study protocol and 
will review all reported 
suspected unexpected 
serious adverse events as 
they occur. A summary 
of protocol deviations 
and adverse events will 
also be provided to the 
DSMC.

A single, planned, 
formal interim analysis 
will be performed 
after 30-day outcome 
data from the first 850 
participants (50% of 
the target sample) are 
available. The TAME 
management committee 
will update the DSMC on 
accumulating external 
evidence relevant to the 
study in a timely manner, 
and the DSMC will advise 
the TAME management 
committee on their 
opinions regarding the 

importance of this evidence to the ongoing conduct of the 
trial. The DSMC acts in an advisory capacity to the TAME 
steering committee, who are ultimately responsible for the 
conduct of the trial.

Adverse events

Consistent with established practice in academic ICU 
trials,36,37 events that are part of the natural history of 
the primary disease process or expected complications of 
critical illness will not be reported as serious adverse events 
in this study.38 Prespecified adverse events, occurring from 
randomisation until Day 7 while the participant is in the ICU, 
will be systematically recorded; these include pneumonia, 
sepsis, bleeding, arrhythmia resulting in hemodynamic 
compromise, and skin complications related to the device 
used for targeted temperature management (Table 4). 
Specific serious adverse events that will be systematically 
recorded include arrythmias, suspected or raised intracranial 
hypertension and seizures necessitating normocapnia (Table 

Table 2. Physiological descriptors and process-of-care measures

Physiological descriptors

•	Physiological variables and neurological variables at hospital admission

•	ABG tests used during intervention period

•	Total number of ABG tests used during intervention period

•	Mean, highest and lowest Pao2 during intervention period

•	Mean, highest and lowest Paco2 during intervention period

•	Mean, highest and lowest pH during intervention period

•	Mean, highest and lowest temperature during intervention period

Process-of-care measures

•	Diagnostic procedures used during intervention period (number of ABG tests) and during ICU 
admission (computed tomography, magnetic resonance imaging, electroencephalogram, SSEP)

•	Interventions performed during ICU admission (coronary angiography, CABG, IABP, mechanical 
ventilation, percutaneous coronary angiography, targeted therapeutic hypothermia, thrombolysis)

•	Sedation (type, cumulative dose of sedatives, number of days that sedative use affected 
neurological evaluation)

•	Ventilator data (mean, lowest daily and highest daily Fio2, PEEP, respiratory rate, minute ventilation 
and predominant ventilation mode during intervention period)

•	Protocol deviations and reasons for abandoning allocated Paco2 target range

•	Time from CA to ICU discharge (censored at 180 days)

•	Time from CA to hospital discharge (censored at 180 days)

•	Proportion of patients requiring renal replacement therapy in ICU

•	Reasons for withdrawal of life-sustaining therapy

•	Details of neuroprognostication as performed according to study protocol

•	Distribution of days alive outside hospital after first hospitalisation within 180 days

ABG = arterial blood gas. CA =  cardiac arrest. CABG =  coronary artery bypass graft. Fio2 =  fraction of inspired oxygen. 
IABP = intra-aortic balloon pump. ICU = intensive care unit. Paco2 = arterial carbon dioxide tension. Pao2 = arterial oxygen 
tension. PEEP = positive end expiratory pressure. SSEP = somatosensory evoked potentials.
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4). In addition, investigators will report any unexpected 
serious adverse events.

Sample size and power

Based on prior outcomes of our large multicentre 
observational study,13 phase 2 trial16 and prospective 
crossover study,17 and that of a prospective observational 

Finnish cohort study,14 we estimated that our trial would 
require 812 patients per arm (a total of 1624 patients) to 
achieve a 90% power to detect an absolute increase of 
8% in the primary outcome at an α of 0.05 and with an 
expected incidence in the control arm of 50%. We rounded 
this up to 1700 patients (850 in each arm) to account for 
a loss to follow-up and withdrawal of consent rate of 5% 

Table 3. Data to be collected in the TAME trial

Time of collection or type of data Data collected

Screening •	Patient’s initials, date screened

•	Patient’s age at hospital admission

•	Date and time of hospital admission

Baseline •	Pre-hospital cardiac arrest characteristics, estimated pre-arrest mRS, frailty score, 
demographic data and comorbidity data

•	Hospital admission date and time, antibiotic use, glycaemic control, and neurological, 
physiological and laboratory data (including Paco2)

•	Date and time of being randomly assigned

•	Date and time of ICU admission

Day 0 to Day 7 •	Interventional period data — body temperature, 4-hourly ABG data, and available Paco2, 
haemodynamic, respiratory, biochemical and ventilator data

•	Mode of ventilation used most frequently while ventilated

•	Cumulative 72 h ICU dose for analgesic, vasopressor, sedative and neuromuscular blocking 
agents

•	Daily neurological data, details of neuroprognostication at 96 h, and data on withdrawal of 
life-sustaining therapy 

•	Worst daily Pao2/Fio2 ratio, fluid balance, urine output, highest body temperature, highest 
level of shivering, biobank samples (blood serum samples taken at baseline, 24 h, 48 h and 
72 h)

Hospital admission •	Diagnostic procedures — brain computed tomography, brain magnetic resonance imaging, 
cardiac troponin test, coronary angiography, electroencephalography, left ventricular 
ejection fraction assessment, neuron specific enolase test, and SSEP test

•	Interventions — CABG, implantation of internal cardiac defibrillator, and renal replacement 
therapy

Discharge •	Probable cause assessment for initial cardiac arrest 

•	Service utilisation — ICU and hospital length of stay

Outcome and assessment data •	ICU and hospital discharge — vital status

•	Day 30 — vital status, residence, GOSE score, mRS score and cause of death

•	Day 180 — GOSE score (primary outcome), vital status, residence, mRS score, IQCODE-
CA score, EQ-5D-5L score, life satisfaction, health data, physical activity, TSQ score,35,36 
MoCA-Blind score, SDMT score, TST score and cause of death

Adverse events •	Adverse event description, timing, causality, and resolution from randomisation until Day 7

•	Severe unexpected serious adverse event description, timing, causality, and resolution from 
randomisation until Day 180

Protocol deviations •	Ineligible patient randomly assigned, failure to comply with treatment protocol, or other 
deviation

ABG  =  arterial blood gas. CABG  =  coronary artery bypass graft surgery. EQ-5D-5L  =  European Quality of Life 5-Dimension 5-Level questionnaire. 
Fio2  =  fraction of inspired oxygen. GOSE  =  Glasgow Outcome Scale-Extended. ICU  =  intensive care unit. IQCODE-CA  =  Informant Questionnaire on 
Cognitive Decline in the Elderly-Cardiac Arrest. MoCA-Blind = Montreal Cognitive Assessment-Blind. mRS = modified Rankin Scale. Paco2 = arterial carbon 
dioxide tension. Pao2 = arterial oxygen tension. SSEP = somatosensory evoked potentials. SDMT = Symbol Digit Modality Test. TSQ = two simple questions. 
TST = timed stand test.
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(a rate similar to that seen in comparable trials evaluating 
functional outcomes in brain-injured participants43 and 
follow-up studies involving OHCA cohorts).44

Statistical analysis plan

All data will initially be assessed for normality. We will 
analyse data on an intention-to-treat basis, defined as all 
randomly assigned participants except those for whom 
consent was withdrawn, without imputation of missing data 
unless specified. Baseline comparisons and comparisons 
of physiological descriptors and processes of care will be 
performed using χ2 tests to test for equal proportions, 
Student t tests to compare normally distributed data and 
Wilcoxon rank-sum tests to compare other types of data, 
with results reported as number (percentage), mean ± 
standard deviation, and median (interquartile range), 
respectively. Comparisons of longitudinal data will be 
performed using a mixed-effect linear model, fitting main 
effects for treatment, time and an interaction between the 
two, and with centres and participants entered as random 
effects to account for the clustering effect and for repeated 
measurements.

Paco2 data will be reported as time-weighted averages 
for each treatment group with linear interpolation. We will 
evaluate Paco2 separation, exposure and study protocol 
compliance over the intervention period by evaluating 
systematically obtained Paco2 recordings.

Table 4. Definitions of specific adverse events and serious adverse events to 
be collected

Event Definition

Adverse event

Pneumonia The presence of increased or purulent tracheal 
secretions, new or progressive radiographic 
infiltrate and a decreased Pao2/Fio2 ratio 
(< 240 mmHg or < 32 kPa)

Sepsis and septic shock According to the third international consensus 
definitions for sepsis and septic shock41

Bradycardia Requiring pacing

Moderate or severe bleeding According to the GUSTO criteria42

Cooling device-related skin 
complications

Blistering or skin necrosis in areas covered by 
surface device

Arrythmia Resulting in haemodynamic compromise (eg, 
ventricular fibrillation and ventricular tachycardia)

Serious adverse event

Arrythmia Arrythmia necessitating normocapnia

Intracranial hypertension Suspected or confirmed raised intracranial 
hypertension necessitating normocapnia

Seizures Suspected or confirmed seizures necessitating 
normocapnia

Fio2 = fraction of inspired oxygen. GUSTO = Global Use of Strategies to Open Occluded Coronary 
Arteries. Pao2 = arterial oxygen tension.

Binary outcomes, including the 
primary outcome, will be presented as 
proportions of participants in each group 
with the event. Unadjusted differences in 
proportions will be provided. Risk ratios 
and 95% confidence intervals will be 
assessed using a mixed-effect generalised 
linear model with a logit link, with centre 
as a random intercept and co-enrolment 
included as a fixed effect. Survival data, 
including time to death at ICU discharge, 
hospital discharge, 30 days and 180 
days, will be presented in Kaplan–
Meier curves and analysed using shared 
frailty Cox proportional hazard models, 
with centre included as frailty and co-
enrolment included as a fixed effect. The 
proportional hazard assumption will be 
assessed through Schoenfeld residuals.

Continuous outcomes will be analysed 
using mixed-effect linear regression, 
with centre as a random intercept and 
co-enrolment included as a fixed effect. 
We expect that a large proportion of the 
participants will die before assessment of 
quality of life. So, when assessing health-

related quality of life in the primary analysis, we will impute a 0 for 
all participants who died or could not participate in the quality-of-
life assessment due to incapacitation. In a secondary analysis of 
quality of life, we will only include survivors at 6 months.

If more than 5% of missing data are primary or secondary 
outcomes data, a sensitivity analysis will be performed using 
multiple imputation conditional on prognostic baseline 
and post-baseline variables under the assumption that 
missing data are conditional on observed covariates and 
were assumed to be missing at random. As an additional 
sensitivity analysis for the primary outcome, GOSE data will 
be assessed in its original scale considering a mixed-effect 
cumulative logistic model (ordinal regression).

Analyses will be performed on five pre-defined subgroups 
irrespective of whether there is evidence of an overall 
treatment effect. Heterogeneity between subgroups will be 
determined by fitting an interaction between treatment and 
subgroup on the model described above. The following pre-
defined subgroups will be assessed: 
"	age ≤ 65 years versus > 65 years on admission;
"	female versus male;
"	time from cardiac arrest to ROSC higher than median 

versus time from cardiac arrest to ROSC lower than 
median;

"	shockable versus non-shockable initial cardiac rhythm; and
"	shock versus no shock on admission.
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Table 5. Planned tables and figures

Proposed tables and figures for the main manuscript

•	Table 1: Baseline characteristics

•	Table 2: Primary outcome and key secondary outcomes

•	Table 3: Neurological outcomes

•	Figure 1: Flow of participants through the trial

•	Figure 2: Arterial carbon dioxide tension values during intervention period

•	Figure 3: Subgroup analysis of death from any cause and the GOSE score at 6 months

Proposed tables and figures for the supplementary appendix of the main manuscript

•	Table S1: Additional baseline characteristics

•	Table S2: Diagnostic procedures, interventions, and service utilisation

•	Table S3: Protocol deviations and no intervention received

•	Table S4: Reasons for early discontinuation of targeted arterial carbon dioxide range

•	Table S5: Reasons for withdrawal of life-sustaining therapy

•	Table S6: Neurological prognostication

•	Table S7: Adverse events and suspected unexpected serious adverse events

•	Table S8: Reported initial cause of cardiac arrest

•	Table S9: Presumed cause of death and organ donation

•	Table S10: Interaction analyses between trial group allocation and co-enrolment/allocation in the two groups of the TTM2 trial for 
the outcomes

•	Table S11: Unadjusted analyses in the intention-to-treat population

•	Table S12: Unadjusted analyses of participants in the intention-to-treat population where the 367 patients co-enrolled in the TTM2 
trial were excluded

•	Figure S1: Consort diagram showing assessment of patient eligibility, random assignment of patients, analysis population, and flow 
of patients in the TAME trial

•	Figure S2: Forest plot for subgroup analysis of death from any cause and the score of 5–8 on the GOSE at 6 months’ follow-up

•	Figure S3: GOSE score at 6 months’ follow-up

•	Figure S4: Modified Rankin Scale score at 6 months’ follow-up

•	Figure S5: Time-weighted mean Paco2 during intervention period by treatment group

•	Figure S6: Mean, lowest and highest Paco2 during intervention period by treatment group

•	Figure S7: Time-weighted mean Pao2 during intervention period by treatment group

•	Figure S8: Mean, lowest and highest Pao2 during intervention period by treatment group

•	Figure S9: Time-weighted mean pH during intervention period by treatment group

•	Figure S10: Mean, lowest and highest pH during intervention period by treatment group

•	Figure S11: Time-weighted mean Fio2 during intervention period by treatment group

•	Figure S12: Mean, lowest and highest daily Fio2 during intervention period by treatment group

•	Figure S13: Time-weighted mean daily PEEP during intervention period by treatment group

•	Figure S14: Mean, lowest and highest PEEP during intervention period by treatment group

•	Figure S15: Histogram depicting the ventilator modes used during intervention period by treatment group

•	Figure S16: Time-weighted mean temperature during intervention period by treatment group

•	Figure S17: Mean, lowest and highest temperature during intervention period by treatment group

•	Figure S18: Histogram depicting the motor response of the FOUR score from enrolment until intensive care unit discharge by 
treatment group

•	Figure S19: Histogram depicting the number of participants for whom a decision to withdraw life-sustaining therapies was made 
and the time of the decision

•	Figure S20: Withdrawal of life-sustaining therapies, by reason

•	Figure S21: Distribution of days alive outside hospital after first hospitalisation within 180 days

FOUR = Full Outline of Unresponsiveness. Fio2 =  fraction of inspired oxygen. GOSE = Glasgow Outcome Scale-Extended. Paco2 = arterial carbon dioxide 
tension. Pao2 = arterial oxygen tension. PEEP = positive end expiratory pressure. TAME = Targeted Therapeutic Mild Hypercapnia after Resuscitated Cardiac 
Arrest. TTM2 = Targeted Hypothermia Versus Targeted Normothermia After Out-of-Hospital Cardiac Arrest.
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Shock on admission was defined as a systolic blood 
pressure of <  90  mmHg for at least 30 minutes or the 
need for supportive measures to maintain a systolic blood 
pressure of ≥ 90 mmHg and end-organ hypoperfusion (cool 
extremities, or urine output of <  30  mL/h and heart rate 
> 60 beats/min).

Analyses will also be performed on the per-protocol 
population and the population of participants who are 
not co-enrolled in the TTM2 trial.23 All analyses will be 
performed using SAS version 9.4 (SAS Institute) and a two-
sided P value of 0.05 will be used to indicate statistical 
significance for the primary outcome. For all regression 
analyses, we will test for an interaction effect between 
TAME group-assignment and assignment in the TT2 
trial.23 To account for multiple secondary outcomes, Holm-
Bonferroni adjustments for multiplicity will be performed.

Presentation of outcome data
Our proposed tables and figures for the primary manuscript 
are listed in Table 5. Detailed mock tables and figures for the 
primary manuscript are shown in the Online Appendix. The 
analyses of the nested health economic evaluation and the 
nested biomarker assessments will be reported separately.

Co-enrolment in the TTM2 trial
The TTM2 trial evaluated whether targeted temperature 
management to 33°C improves survival and neurological 
outcome at 6 months compared with a strategy of targeting 
normothermia and avoiding fever above 37.7°C.23 Co-
enrolment in this trial is allowed for sites participating in 
the TTM2 trial.23 However, the option for participation 
in the TAME trial only has been made available for sites 
that are not willing or able to co-enrol. We considered co-
enrolment in both trials to be an effective use of research 
resources.45 A recognised difficulty with co-enrolment 
is the potential for an interaction between interventions. 
However, data analysis from the original TTM trial showed 
no interaction between Paco2 and temperature regarding 
major outcomes.46 Further, as randomisation was stratified 
to achieve a two-by-two factorial design, any differences 
in primary or secondary outcomes will be monitored 
throughout the trial by the DSMC, which is shared by the 
TTM2 and TAME trials.

Data sharing
TAME trial data will be shared according to the policies and 
procedures of the Australian and New Zealand Intensive 
Care Research Centre (https://www.monash.edu/__data/
assets/pdf_file/0010/1790875/terms_of_ref.pdf).

Summary

TAME is a phase 3, multicentre, parallel-group, randomised 
controlled trial. It trial will compare targeted therapeutic 

mild hypercapnia with targeted normocapnia in 1700 
comatose adults resuscitated from OHCA who are admitted 
to an ICU. The primary outcome is favourable neurological 
outcomes (GOSE score, 5–8) at 6 months. This protocol 
and statistical analysis plan manuscript was submitted for 
publication before follow-up was completed.
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