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ABSTRACT
Introduction  Mechanical ventilation is a fundamental 
component in the management of patients post cardiac 
arrest. However, the ventilator settings and the gas-
exchange targets used after cardiac arrest may not be 
optimal to minimise post-anoxic secondary brain injury. 
Therefore, questions remain regarding the best ventilator 
management in such patients.
Methods and analysis  This is a preplanned analysis 
of the international randomised controlled trial, targeted 
hypothermia versus targeted normothermia after out-
of-hospital cardiac arrest (OHCA)–target temperature 
management 2 (TTM2). The primary objective is to 
describe ventilatory settings and gas exchange in patients 
who required invasive mechanical ventilation and included 
in the TTM2 trial. Secondary objectives include evaluating 
the association of ventilator settings and gas-exchange 
values with 6 months mortality and neurological outcome. 
Adult patients after an OHCA who were included in 
the TTM2 trial and who received invasive mechanical 
ventilation will be eligible for this analysis. Data collected 
in the TTM2 trial that will be analysed include patients’ 
prehospital characteristics, clinical examination, ventilator 
settings and arterial blood gases recorded at hospital and 
intensive care unit (ICU) admission and daily during ICU 
stay.
Ethics and dissemination  The TTM2 study has been 
approved by the regional ethics committee at Lund 
University and by all relevant ethics boards in participating 
countries. No further ethical committee approval is 
required for this secondary analysis. Data will be 
disseminated to the scientific community by abstracts and 
by original articles submitted to peer-reviewed journals.
Trial registration number  NCT02908308.

INTRODUCTION
Many studies in patients after cardiac 
arrest with return of spontaneous circula-
tion (ROSC) have focused on attempting 

to improve survival rates and neurological 
outcomes.1–4 Despite several interventions 
have been implemented such as targeted 
temperature management, blood pressure 
targets,1–4 management of cerebral compli-
cations,5–7 mortality and poor neurological 
outcome are still common.4–8 A number of 
systemic complications, including cardiovas-
cular and respiratory, have been reported 
and are associated with worse outcomes.7 8 
Few studies have reported the characteristics 
and the influence of ventilator settings such 
as tidal volume and positive end-expiratory 
pressure (PEEP) on outcomes of patients 
after cardiac arrest9 10 and mechanical 
ventilation practices have not been well 
described to date. In particular, the role of 

Strengths and limitations of this study

	► This is a preplanned subanalysis of the international 
randomised controlled trial, targeted hypothermia 
versus targeted normothermia after out-of-hospital 
cardiac arrest–target temperature management 2, 
which focuses on ventilatory management.

	► Adult patients (18 years of age or older) who expe-
rienced a non-traumatic cardiac arrest of a cardiac 
or unknown cause with return of spontaneous cir-
culation undergoing mechanical ventilation will be 
included.

	► Positive end-expiratory pressure, plateau pressure, 
mechanical power, driving pressure, arterial blood 
gases values—as measured in the first 72 hours 
from hospital admission—will be described and 
correlated with outcomes.

	► Six months’ mortality and neurological status will be 
collected.
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driving pressure and mechanical power during mechan-
ical ventilation to determine outcome in patients after 
cardiac arrest has been poorly investigated. In addition, 
the optimal gas-exchange targets have not been clearly 
defined in this population. Hypoxaemia is a well-known 
cause of secondary brain injury responsible for cerebral 
ischaemia and poor outcome.11 Recent evidence showed 
possible detrimental effects of hyperoxaemia, yielding 
generation of reactive oxygen species, overproduction of 
free radicals and oxidative stress12 and being associated 
with higher mortality.13 14 However, in the specific popula-
tion of cardiac arrest patients, the effect of hyperoxaemia 
on patients’ outcome is still unclear. Similarly, evidence 
regarding the optimal carbon dioxide (CO2) targets is 
limited.15–19

We, therefore, preplanned a secondary analysis of the 
target temperature management 2 (TTM2) trial (​clini-
caltrials.​gov). The primary objective of this study was to 
describe the ventilator settings and gas-exchange param-
eters in adults post out-of-hospital cardiac arrest (OHCA) 
receiving invasive mechanical ventilation. The secondary 
objective was to evaluate the association of ventilator 
settings and gas-exchange parameters with 6 months 
mortality and neurological outcome.

METHODS AND ANALYSIS
Study design
This is a preplanned secondary analysis of a large interna-
tional multicentre randomised controlled trial, including 
mechanically ventilated patients post cardiac arrest and 
6-month follow-up. This substudy was approved on the 23 
February 2017 by the TTM2 steering committee (details 
available on https://ttm2trial.org/substudy-proposals)

Objectives
The primary objective is to describe ventilatory manage-
ment (such as tidal volume, PEEP, driving pressure, respi-
ratory rate, mechanical power, etc) and gas exchange 
(pHa, arterial pressure of oxygen (PaO2) and arterial 
pressure of carbon dioxide (PaCO2)) in patients who 
required invasive mechanical ventilation after OHCA and 
were included in the TTM2 trial within the first 72 hours 
from recruitment. Secondary objectives are to evaluate 
the association of ventilator settings and gas exchange 
with 6-month patients’ mortality and neurological status16 
(by the Modified Rankin Scale (mRS)) (figure 1).

Inclusion
The TTM2 trial included adult patients (18 years of age 
or older) who experienced a non-traumatic cardiac arrest 
of a cardiac or unknown cause with ROSC. In particular:
1.	 OHCA of a presumed cardiac or unknown cause
2.	 Sustained ROSC defined as 20 min with signs of circu-

lation without the need for chest compressions.
3.	 Unconsciousness defined as not being able to obey 

verbal commands (FOUR Score motor response of <4) 
and no verbal response to pain after sustained ROSC.

4.	 Eligible for intensive care without restrictions or lim-
itations

5.	 Inclusion within 180 min of ROSC.
Exclusion criteria were:

1.	 Unwitnessed cardiac arrest with an initial rhythm of 
asystole.

2.	 Temperature on admission <30°C.
3.	 On extracorporeal membrane oxygenation prior to 

ROSC.
4.	 Obvious or suspected pregnancy.
5.	 Intracranial bleeding.
6.	 Severe chronic obstructive pulmonary disorder 

(COPD) with long-term home oxygen therapy.

For this specific subanalysis, further inclusion criteria will be
	► Patients needing mechanical ventilation, and with 

data available regarding mechanical ventilation 
settings.

Study procedures and settings
The protocol of the TTM2 trial has been previously 
published.15 Participants in the TTM2 trial were recruited 
at multiple sites in several countries. Patients’ character-
istics were obtained at several timepoints (figure  2). At 
each of them, objective information of the participants’ 
general physical function and current cardiovascular 
risk were collected. The subanalysis planned start was 
December 2021 while planned end will be December 
2025, including publications of the manuscripts.

Data collection
Data were collected at the time of enrolment from the 
prehospital, from emergency department, during the 
intensive care unit (ICU) stay, at ICU discharge, at hospital 
discharge and at follow-up. Clinical, laboratory and back-
ground data were collected from hospital records, rela-
tives and ambulance services, and were entered into a 
web-based electronic case record form (eCRF) by site 
personnel. For follow-up, all responses were obtained by 
study personnel from patients or from a proxy (where 
impaired cognitive capacity prevented patient interview), 
during a face-to-face visit, by telephone interview or by 
postal questionnaire. Data from the eCRF of TTM2 used 

Figure 1  Outcome measure by mRS. mRS, Modified Rankin 
Scale.

https://ttm2trial.org/substudy-proposals
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for this secondary analysis will include patients’ demo-
graphic characteristics, pre-injury comorbidities, diag-
nosis, timing of acute events, clinical presentation, timing 
of intubation, data regarding ventilator settings, daily 
arterial blood gases, neuromonitoring, ICU complica-
tions and outcomes.

Details of the included data are presented in table 1.

Statistical analysis plan
Patient, ventilator characteristics and arterial blood gases 
values will be described by means (±SD), medians (IQR) 
and proportions, as appropriate.

The prognostic value of baseline ventilator settings—
including derived parameters such as driving pressure, 
mechanical power and compliance—and oxygen/CO2 
markers with mortality endpoints will be evaluated with 
Cox regression analysis. These survival models will be 
adjusted for relevant confounders at baseline such as age 
(years), sex, Charlson Comorbidity Index, time to ROSC 
(minutes), site where cardiac arrest occurred (home, 
public place and other), the initial cardiac rhythm found 
(shockable/non-shockable), bystander CPR (yes/no), 
witnesses when cardiac arrest occurred (yes/no) and 
shock or STEMI diagnosis at admission. We will explore 
the role of currently known threshold of ventilator 
settings derived in other ICU populations, including 
plateau pressure, PEEP, driving pressure, ventilatory ratio 
and mechanical power using relative distribution analysis.

The association between hourly ventilator settings and 
oxygen/CO2 markers, and mortality endpoints will be 
evaluated using linear mixed regression analysis. Here, 
the longitudinal trajectories of the hourly measured 
ventilatory settings/blood gases will be compared among 
survival status at 180 days (dead vs alive) using random 
intercept in order to account for the longitudinal nature 
of the data.

The association of baseline ventilator settingsand 
oxygen/CO2 markers with mRS outcome will be eval-
uated with logistic regression analysis. The same set of 
covariates, as for the survival analysis, will be used. In 
addition, we will explore new thresholds for the ventila-
tory settings/blood gases markers on this neurological 
endpoint, knowing that no specific thresholds along the 
distribution of these settings have been defined for this 
outcome.

Statistical analyses will be conducted using Stata V.16.

Data management
Anonymised data were collected in a web-based eCRF and 
protected by encryption software and password provided 
to single users. Each patient was assigned a numeric code 
generated by the central database. Data were checked for 
consistency and completeness and monitored by central 
coordinating centres to ensure high quality of data prior 
to analysis. The data for this secondary analysis will be 
securely stored at the University of Genova; all proce-
dures will comply with the EU Regulation 2016/679 on 
the protection of natural persons regarding personal data 
processing and movement.

ETHICS AND DISSEMINATION
Ethics
For the TTM2 study, an ethics application (2015/228) was 
approved by the regional ethics committee at Lund Univer-
sity. Ethics applications was submitted to all relevant ethics 
boards in every country participating. Each national coordi-
nator (NC)/principal investigator (PI) notified the relevant 
ethics committee, in compliance with the local legislation 
and rules. The NCs facilitated this process. The approval of 
the protocol (if required by local authorities) was obtained 
before any participant was enrolled. The PI and steering 

Figure 2  Substudy and study timeline. All collected data at selected timepoints are described. ABG, arterial blood gas; BP, 
blood pressure; HR, heart rate; ICU, intensive care unit; MAP, mean arterial pressure; mRS, modified Rankin Scale; PEEP, 
positive end-expiratory pressure; Pplat, plateau pressure; ROSC, return of spontaneous circulation; RR, respiratory rate; SOFA, 
sequential organ failure assessment.
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committee ensured that this study has been conducted in 
full conformity with the Declaration of Helsinki and good 
clinical practices. No further ethical approval was planned 
for this subanalysis as the use of data for substudies was 
specifically declared in the primary protocol.

Lack of capacity and delayed consent
For the TTM2 study, informed consent was obtained from 
patients with no lack of capacity. For patients not able to 

provide informed consent at the time of recruitment, the 
responsible clinical/research staff acted as consulter and 
consent eligible patients after discussion with the next of 
kin. If the patient had a power of attorney or a legal tutor, 
he/she acted as consultee and was asked to consent/decline 
participation to the study on legal behalf of the patient. At 
follow-up, patients who had regained capacity were asked to 
provide informed consent and had the possibility to:

Table 1  Timepoints of data collection

Patient characteristics Data

Timepoints

Hospital 
stay Daily

Hospital 
discharge 30 days 6 months

Pre-ICU data

 �
 � Socio-demographic

Age X

Sex X

Height X

Weight X

 � Medical background Pre-arrest neurological function X

Charlson Comorbidity Index X

Measurement of pre-arrest Clinical Frailty Score 
(1–9)

X

 � Hospital admission SOFA score on admission (without neurological 
subscore)

X

First ABG available after ROSC X

ICU data Temperature X X

Arterial blood gases (every 4 hours) X X

Haemodynamic (mean arterial pressure and HR) X X

Ventilator settings: PEEP, tidal volume, Pplat X X

FOUR Score: eye response, motor response, 
brainstem score and respiratory score

X X

SOFA score (without neurological subscore) X X

Adverse events X X

If trial intervention has been discontinued, time 
of discontinuation and specified reason

X X

If active intensive care is withdrawn, specify 
reason

X X

If dead, specify presumed cause of death, 
cardiac, cerebral or other

X X

Results of the clinical neurological examination X X

The stated prognosis from the blinded examiner, 
dichotomised as poor outcome likely (yes/no), 
based on the definition in the trial protocol and 
which criteria are fulfilled

X X

Post-ICU data ICU discharge X

Hospital discharge X

Complications X

Days of mechanical ventilation X

Ventilator-free days X

Follow-up mRS X X

Death X X

ABG, arterial blood gas; HR, heart rate; ICU, intensive care unit; mRS, Modified Rankin Scale ; PEEP, positive end-expiratory pressure; Pplat, plateau 
pressure; ROSC, return of spontaneous circulation; SOFA, sequential organ failure assessment.
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	► Provide informed consent for the acute data and 
follow-up.

	► Deny research participation and request destruction 
of acute data collected.

Consent also included the publication of data for suba-
nalysis; therefore, no further consent forms/applications 
were requested.

Dissemination
Results from this study will be disseminated to the scien-
tific community by abstracts, by presentations and by orig-
inal articles submitted to peer-reviewed journals.

Publication and data sharing policy
Publication and authorship
After the publication of the main papers, data will be 
made available to the scientific community by means of 
abstract by scientific papers submitted to peer-reviewed 
journals. Authorship of the main manuscript will follow 
the ICMJE recommendations that base authorship on the 
following four criteria:

	► Substantial contributions to the conception or design 
of the work, or the acquisition, analysis or interpreta-
tion of data for the work.

	► Drafting the work or revising it critically for important 
intellectual content.

	► Final approval of the version to be published.
	► Agreement to be accountable for all aspects of the 

work in ensuring that questions related to the accu-
racy or integrity of any part of the work are appropri-
ately investigated and resolved.

A writing committee composed by some members of 
the core steering committee and biostatisticians and 
the responsible for the subanalysis will be authors of 
the manuscript, as for rules predefined by the steering 
committee of the TTM2 for the primary analysis. CR will 
be first and PP last author of the manuscripts generated 
from the subanalysis.

PATIENT AND PUBLIC INVOLVEMENT
Patient and public were not involved in the design, or 
conduct, or reporting, or dissemination plans of the 
research.

DISCUSSION
This subanalysis of the TTM2 study is designed with the 
aim to obtain a detailed description of the ventilator 
management of patients after OHCA.

Post-cardiac arrest syndrome is associated with high 
morbidity and mortality, which is related not only to a 
poor neurological outcome but also to respiratory and 
cardiovascular dysfunctions.16 Mechanical ventilation has 
the goal to maintain an appropriate level of PaO2 and 
PaCO2. However, the pathophysiology of cardiac arrest 
and its systemic effects, as well as the relationship between 
arterial blood gases targets and outcome is still unclear.16 

Hypoxia has been largely recognised as a major cause 
of secondary brain injury; recently, also hyperoxia has 
shown to have potential detrimental effects on patients’ 
outcome.17–27

Similarly, hypercapnia can cause cerebral vasodilation 
and increase intracranial pressure and should, therefore, 
be avoided, but hypocapnia and cerebral vasoconstriction 
can lead to cerebral ischaemia.16 Normocapnia seems 
to be associated with good neurological outcome.22 23 
However, mild hypercapnia has been suggested by some 
authors to optimise cerebral blood flow and improve 
survivals.24 In summary, optimal ventilator targets are 
unclear in this group of patients.

Recent literature has highlighted the importance 
of protective ventilation in patients with acute respira-
tory distress syndrome (ARDS) and non-ARDS.19 25–29 
However, although these strategies have been suggested 
also in patients post cardiac arrest,30 high PEEP or recruit-
ment manoeuvres may increase intrathoracic pressure 
and consequently reduce jugular outflow, which can 
further aggravate cerebral oedema; similarly, low tidal 
volume and permissive hypercapnia may be detrimental 
in this group of patients.31 Moreover, the role of mechan-
ical power and driving pressure to optimise ventilator 
settings and improve outcomes has not been investigated 
so far in this population, but recent evidence suggests the 
importance of these parameters as integrated physiologic 
variables potentially associated with ventilator-induced 
lung injury and worse outcome.32–34

The results from this substudy will, therefore, allow to 
clarify the current status of the ventilator management 
of these patients, and to discriminate the effects of tidal 
volume, mechanical power, PEEP and driving pressure 
on outcomes in patients post cardiac arrest, offering the 
unique opportunity to globally uniform clinical guidelines 
regarding ventilator strategies in this group of patients.
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