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Popular science summary of the thesis  
Annually, around 6000 people suffer from out-of-hospital cardiac arrest (OHCA) in 

Sweden and only around 10% survive. Apart from cardiopulmonary resuscitation (CPR) 
and early defibrillation of an initial shockable rhythm, it has been difficult to find 

treatments that can increase survival rates after cardiac arrest. The aim of the work in 

this thesis was to investigate prehospital and in-hospital treatments after cardiac arrest 
and how they affect patient outcomes.  

Three of the studies in the thesis explored different aspects of cooling treatment 

(therapeutic hypothermia), which since the beginning of the 2000s has been a common 
treatment in intensive care units (ICUs) after cardiac arrest. The reason for cooling is 

that hypothermia may protect the brain from damage caused by cardiac arrest. The 
standard target temperature for the cooling treatment was initially 33 °C, but in a study 

published in 2013 (the TTM trial) 36 °C was proposed as target temperature. We found 

that the proportion of patients in Sweden receiving hypothermia treatment after OHCA 
decreased after publication of the TTM trial and that it did not have any significant 

effect on survival.  

In the second study, which is a sub-analysis of the international PRINCESS trial, we 

compared cooling through the nasal cavity, started by the emergency medical services 

<20 minutes after the cardiac arrest, with cooling started after hospital admission. The 
results showed that for patients with shockable rhythms, early cooling was associated 

with better neurological outcome. 

In another study, we compared two different cooling methods, intravenous cooling 

versus surface cooling (i.e., via a cooling suit), in patients that had survived OHCA and 

were cooled to 33 oC after hospital arrival. This is a sub-analysis of the international TTM 
2 trial. We analysed almost 900 patients and found that intravenous cooling, compared 

with surface cooling, was associated with better cooling performance (cooling was 
faster and more precise) and better neurological outcome. 

Oxygen is a cornerstone in cardiac-arrest treatment. It is well known that low levels of 

oxygen can be harmful. In the fourth study, we wanted to investigate if too much oxygen 
(hyperoxemia) after cardiac arrest can be harmful. We linked patient data from four 

different Swedish patient registries for the period 2010–2021 and analysed almost 

10,000 patients that had survived cardiac arrest and were admitted to a Swedish ICU. 
Oxygen values were measured +/- 1 hour from ICU admission. We found that 

hyperoxemia after cardiac arrest is associated with a lower survival rate. This 
association was stronger the higher the oxygen level. 



Abstract 

Background 

Cardiovascular disease, and in particular cardiac arrest with the subsequent associated 
brain injury, is the most common cause of death in many countries. Annually, around 

6000 people suffer from Out-of-Hospital Cardiac Arrest (OHCA) in Sweden and only 

around 10% survive to hospital discharge. Apart from early cardiopulmonary 
resuscitation (CPR) and defibrillation, it has been difficult to find interventions that can 

increase survival in OHCA, in particular in the post-resuscitation phase.  

Methods and results   

Study I. A national observational retrospective study, evaluating the adherence to 

Targeted Temperature Management (TTM) guidelines in Sweden after the publication of 
the TTM trial, and if the change in targeted temperature level (from 33 oC to 36 oC) 

influences 6-month survival. In total, 2899 OHCA patients were included, and of those, 

1038 were treated by means of TTM. The proportion of patients with initial shockable 
rhythm receiving any TTM, i.e., following international guidelines, decreased after 

publication of the TTM trial (from 70.5% to 54.5%). There was no difference in 6-month 
survival between the TTM33 (47.2%) and the TTM36 (47.3%) groups (adjusted odds OR 

1.12, 95% CI 0.80–1.56).  

Study II. A sub-analysis of the PRINCESS trial, in which 677 OHCA patients were 
randomized to trans-nasal intra-arrest cooling initiated by the emergency medical 

services (EMS) or cooling started after hospital arrival. In this sub-analysis, the 
association between early initiation of intra-arrest cooling and neurological outcome 

was evaluated. Early cooling (intervention group, n=150) was defined as cooling initiated 

≤ 20 minutes from collapse, and these patients were propensity score-matched with 
comparable controls (n=150). The primary outcome was survival with good 

neurological outcome (defined as Cerebral Performance Category [CPC] 1–2) at 90 
days. The proportion of cases with CPC 1–2 at 90 days was 23.3% in the intervention 

group vs. 16% in the control group (OR 1.92, 95% CI 0.95–3.85). In patients with 

shockable rhythm the corresponding figures were 50.9% (intervention) vs. 29.8% 
(control) (OR 3.25, 95% CI 1.06–9.97).   

Study III. A nationwide observational retrospective study, evaluating the association 

between different levels of hyperoxemia at Intensive Care Unit (ICU) arrival after cardiac 
arrest, and 30-day survival. Partial oxygen pressure (PaO2) was recorded in a 

standardized way at ICU admission (± one hour). Hyperoxemia was defined as mild 
(13.4–20 kPa), moderate (20.1–30 kPa), severe (30.1–40 kPa) or extreme (>40 kPa). 

Normoxaemia was defined as PaO2 8–13.3 kPa and hypoxemia as PaO2 <8 kPa. In total, 



 

 

9735 patients were included. Of these, 44.6% were hyperoxemic, 44.8% were 
normoxaemic and 10.5% were hypoxemic. Compared with the normoxemia group, the 

adjusted risk ratios (RRs) for 30-day survival in the hyperoxemia groups were: mild 

0.91 (95% CI 0.85–0.91), moderate 0.88 (95% CI 0.82–0.95), severe 0.79 (95% CI 0.7–
0.89), and extreme 0.68 (95% CI 0.58–0.79). 

Study IV. A post-hoc analysis of the TTM2 trial, in which 1900 resuscitated OHCA 
patients were randomized to either hypothermia (TTM of 33 oC) or normothermia (<37.8 

oC) groups for 28 hours.  This sub-analysis was carried out to evaluate if there is any 

association between the cooling method used, i.e., intravascular (IC) vs. surface cooling 
(SFC), in the TTM 33oC group, and neurological outcome. The primary outcome was 

survival with good neurological outcome (defined as modified Rankin scale [mRS] 

result of 0–3) at six months. In total, 876 patients were included in this study, in which 
30% were treated by means of IC and 70% by SFC. At six months, after propensity 

score matching, 53.0% of the patients in the IC group and 42.3% of the patients in the 
SFC group were alive, with mRS scores of 0–3 (OR 1.5, 95% CI 1.05–2.15). The IC group 

demonstrated better cooling speed and precision compared with the SFC group.  

Conclusions 

After publication of the TTM trial, fewer OHCA patients in Sweden received any TTM and 

this change of practice did not affect six-month survival among patients who underwent 
TTM.  

In the PRINCESS trial, intra-arrest cooling started within 20 minutes of arrest, compared 

with cooling started after hospital admission, was not associated with a significantly 
better neurological outcome. In the subgroup with shockable rhythms, early cooling was 

associated with better neurological outcome. 

Among resuscitated OHCA patients, hyperoxaemia at ICU admission, compared with 

normoxemia, was associated with lower 30-day survival. The association was stronger in 

connection with higher PaO2 levels.  

In OHCA patients in the TTM2 trial treated by means of TTM 33 oC, intravascular cooling, 

compared with surface cooling, was associated with better cooling performance and 

better neurological outcomes after six months.  
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1 RATIONALE 

Cardiovascular disease is the leading cause of death globally and according to 
estimations from the WHO it accounts for more than 30% of all deaths worldwide (1). A 

large proportion of these deaths are due to out-of-hospital cardiac arrest (OHCA). 
Despite the progress made in recent decades in the management of cardiac arrest, 

mortality is still high. In many countries, less than 10% of OHCA patients survive to 

hospital discharge in cases where the emergency medical services (EMS) started 
cardiopulmonary resuscitation (CPR) (2). Major knowledge gaps remain, not least 

regarding post-resuscitation care, where it has been difficult to find evidence-based 
treatments that increase survival (3).  
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2 BACKGROUND 

2.1 Historical glance  

According to legend, the Greek courier Pheidippides ran from Marathon to Athens in 

490 BC to announce the Athenians victory over the Persians in the Battle of Marathon. 
At arrival he shouted “We are victorious!” and shortly afterwards collapsed and died; a 

case of cardiac arrest (4).  

Throughout history, scientists have been fascinated by “apparent death” and methods 
to treat it. In 1792, James Curry published his book “Popular Observations of Apparent 

Death from Drowning, Suffocation etc” (5). Based on animal studies and clinical 

observations he distinguished between treatable apparent death and the subsequent 
development of absolute death. Furthermore, Curry introduced an early version of 

external defibrillation. By using two electrodes, one over the lower left chest and one 
above the clavicle, he managed to resuscitate two patients who apparently seemed to 

be dead (6). 

In 1868, John Hill described a sternal compression technique (twelve 
compressions/minute) that restored circulation in apparently dead patients with no 

carotid pulse (7). The effectiveness of external chest compression was confirmed by 
several studies in the late nineteenth century but was outcompeted by internal (open 

chest) heart massage during the first half of the twentieth century (6).  

William Kouwenhoven is often regarded as the founder of modern CPR. For several 
decades he studied the effect of chest compression and electric current on the 

fibrillating heart (6). In 1960, together with his colleagues Knickerbocker and Jude, he 
published a milestone article in the Journal of the American Medical Association, where 

14 of 20 cardiac-arrest patients survived after receiving cardiac resuscitative measures 

(8).   

Four years earlier, Paul Zoll and colleagues described a case series in which patients with 

ventricular fibrillation (VF) regained normal rhythm after receiving external defibrillation 

(9). These findings, in combination with development the mouth-to-mouth breathing 
technique by Peter Safar and colleagues (10, 11), laid the foundation of modern CPR.  
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2.2 Definitions  

Cardiac arrest usually occurs suddenly and if untreated leads to inevitable death. There 
are several definitions of cardiac arrest, but one commonly used is “the cessation of 

cardiac mechanical activity as confirmed by the absence of signs of circulation” (12). 
When cardiac arrest occurs outside a hospital, it is referred to as out-of-hospital 

cardiac arrest (OHCA). This thesis is focused primarily on OHCA.  

A commonly used term in this context is sudden cardiac death (SCD), which is defined 
as “an unexpected death without obvious extracardiac cause, occurring with a rapid 

witnessed collapse, or if unwitnessed, occurring within 1 hour after onset of symptoms” 
(13).  

 

2.3 Incidence 

The reported incidence numbers differ both between and within countries, and 

therefore the exact incidence of OHCA is unknown (14). A rough estimate is that every 

year a total of 356 000 people in the US and more than 400 000 in Europe suffer from 
OHCA in cases where EMS started CPR (2, 15). According to a recent study, the overall 

incidence of EMS-treated OHCA in 28 European countries was 56/100 000 person-
years, and similar results have been reported from the US and Australia (2). In 2021, there 

were around 5900 EMS-treated OHCA cases in Sweden (16).   

 

2.4 Survival rates  

In a large prospective European study, the overall rate of survival to hospital discharge in 

OHCA patients in whom CPR was started was 8% (2). Among patients with an initial 
shockable rhythm, 24% survived to hospital discharge, while only 3% of patients with a 

non-shockable rhythm survived to this timepoint. According to a recent meta-analysis, 
including 141 studies, the overall survival rate to hospital admission was 22% and to 

hospital discharge, 8.8% (17). Interestingly enough, a substantial difference in survival to 

hospital discharge was seen between continents (Oceania 16.2%, Europe 11.7%, North 
America 7.7%, Asia 4.5%). However, some of these differences may have been a result of 

varying quality of the registers. In Sweden, 11% of EMS-treated OHCA patients survived 
to hospital discharge in 2021 (16). 
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2.5 Aetiology 

Historically, different ways of reporting patient variables and the CPR situation made it 
challenging to compare results from different cardiac arrest studies. In the light of this, a 

consensus opinion (the Utstein template) was published 1991 in order to report OHCA in 
a more uniform way (18). It quickly became widespread and has been updated several 

times (19). According to the template the aetiology of OHCA can be divided into medical 

and non-medical causes. Furthermore, the medical causes can be divided into cardiac 
and non-cardiac causes. An overview of aetiologies (not intended to be exhaustive) is 

shown in Table 1.  

 

Table 1. Causes of OHCA 

Medical Non-medical 

Cardiac Non-cardiac  

Ischaemic heart disease  
-Acute myocardial infarction 
-Chronic ischemic cardiomyopathy 
-Non-arteriosclerotic coronary 
disease 

Cardiomyopathies  
-Acute or chronic heart failure  
-Dilated cardiomyopathy 
-Hypertrophic cardiomyopathy 
-Infiltrative cardiomyopathy 
-Arrhythmogenic cardiomyopathy 
(ARVC) 

Primary electrical 
abnormalities 
-Long QT-syndrome 
-Brugada syndrome 
-Wolf–Parkinson–White syndrome  
-CPVT* 

Valvular heart disease 

Pericardial tamponade 

Myocarditis  

Congenital heart disease 

Hypovolaemia  

Pulmonary embolism  

Intracerebral bleeding 

Electrolyte disturbances  

Hypoglycaemia  

Septic chock 

Aortic dissection 

Lung disease (hypoxemia) 
-Chronic obstructive pulmonary 
disease (COPD) 

-Pneumonia  

 

Trauma  

Drug overdose 

Drowning 

Asphyxia 

Hypothermia 

Intoxication  

Electrocution 

 

 

Adapted from Riva (20). *Catecholaminergic polymorphic ventricular tachycardia 
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The most frequent cause of OHCA is cardiac disease, in particular ischaemic heart 
disease, but the exact incidence is not known (21). In three prospective cohort studies it 

was estimated that around 60–65% cases of OHCA were due to cardiac causes (22-

24). According to some studies, up to 70–80% of patients with sudden cardiac death 
(SCD) have an underlying coronary heart disease (25-27). However, this does not prove 

that it was the cause of the cardiac arrest.  

A large autopsy study revealed that 32% of the OHCA cases had coronary disease as 

the leading cause of death (22). In a recent randomized trial including OHCA patients 

with an initial shockable rhythm, return-of-spontaneous circulation (ROSC) and no ST-
elevation on the ECG, 64.5% of these patients had coronary artery disease, and 

percutaneous coronary intervention (PCI) was performed in 33% of the patients 

randomized to immediate coronary angiography (28). Interestingly enough, only 13.6% 
had an acute unstable lesion and 3.4% had acute thrombotic occlusion.  

Finding out the aetiology of cardiac arrest is important in order to provide the most 
effective treatment. In practice, however, it is challenging for EMS providers to make the 

correct diagnosis, as the patient data is sparse in out-of-hospital settings. If the 

aetiology of an OHCA is unknown, which is often the case, the latest guidelines advise 
that EMS providers should report it as a presumed cardiac cause (19). Inevitably, this 

introduces a risk of cardiac aetiology being overestimated in EMS reports.  

 

2.6 Risk factors  

Given the fact that cardiac disease is the predominant cause of OHCA, known 
cardiovascular risk factors such as hypertension, age, smoking, diabetes mellitus, 

hyperlipidaemia, lower socioeconomic status and male sex increase the risk of SCD (29, 

30).  

Among patients with known cardiac disease there are subgroups with a markedly 

elevated one-year risk of SCD (e.g., previous cardiac arrest or sustained ventricular 
arrythmias, recent myocardial infarction, low ejection fraction, and some inherited 

arrhythmic disorders), but these patients constitute only a minority of all OHCA cases in 

society (29, 31). On the other hand, approximately 50% of patients with SCD do not have 
any previous known cardiac disease and another 30% are patients with known 

cardiovascular disease but considered as a “low-risk subgroup” (29). This makes it 
complex to create a SCD prediction model for the general population (31).  
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2.7 Predictors of survival 

There are several known factors that affect the probability of surviving OHCA. These can 
be categorized into patient-related factors (e. g. age, comorbidity, sex, socioeconomic 

status), event-related factors (e.g. initial rhythm, witness status, bystander CPR, agonal 
breathing) and system-related factors (e.g. time to CPR, time to defibrillation, 

dispatcher-assisted CPR) (21). Some predictors are stronger than others and several are 

interdependent and not easy to fully separate (e.g. time to EMS arrival influences the 
first recorded rhythm).  

What several of the predictors reflect is how incredibly important it is that treatment, in 
particular CPR and defibrillation, is started early (32). For every minute CPR is delayed in 

cases of witnessed OHCA with an initial shockable rhythm, survival decreases by 7–10% 

(33). Some of the most important predictors are discussed below.  

2.7.1 First recorded rhythm 

The first recorded ECG in cardiac arrest can be divided into shockable rhythms 
(ventricular fibrillation [VF] or pulseless ventricular tachycardia [VT]) or non-shockable 

rhythms (asystole or pulseless electrical activity [PEA]). 

The true proportions of the different rhythms at the initial phase of OHCA is impossible 

to know, since most patients are not monitored, and untreated VF can quickly 

deteriorate to asystole (often after a period of decreasing amplitude of VF) (34). In a 
study of patients wearing an ambulatory ECG-monitoring device, 84% of those who 

experienced SCD had initial ventricular tachyarrhythmia, most often VF secondary to 
sustained VT (35). Although the patient cohorts are not directly comparable, this is in 

strong contrast to the finding that only 20–30% of OHCA patients had VT/VF as the first 

recorded rhythm (by EMS) in Sweden during the last decade (36). This highlights the 
crucial importance to initiate treatment as soon as possible.    

The presence of an initial shockable rhythm is the single strongest predictor of survival 
in OHCA, and according to a meta-analysis it increases the probability of survival almost 

threefold (37). 

It is important to distinguish asystole from PEA, since the former is associated with 
significantly worse prognosis than the latter (36). In patients with asystole as the first 

recorded rhythm the prognosis is very dismal; in several studies around 1% or less 
survive to hospital discharge (38-40). Furthermore, in patients with an initial non-

shockable rhythm who survive, neurological outcome is more favourable in cases of PEA 

compared with asystole (38, 39).  

PEA consists of a heterogeneous group of causes (e.g. hypovolaemia, pulmonary 

embolus, asphyxia, trauma) with varying prognosis (41). In Sweden, the proportion of 
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cases of PEA as the first recorded rhythm has increased in recent decades and survival 
rates have increased fivefold, today reaching almost 5% as regards 30-day survival (40). 

In an Australian study, 6% of PEA patients survived to hospital discharge (38). In 

practice, it can be a diagnostic challenge for healthcare professionals, as PEA can range 
from a motionless heart (so-called “electromechanical dissociation”) to a well-pumping 

heart with profound hypotension due to hypovolaemia or septic shock. Conclusions 
about prognosis should be avoided until the aetiology is established.  

2.7.2 Witness status 

A witnessed cardiac arrest is defined as “a cardiac arrest that is seen or heard by 

another person or is monitored” and is a predictor of increased survival in OHCA (19). 

For natural reasons, a witnessed collapse is associated with an earlier start of treatment 
and an increased chance of VT/VF as the first recorded rhythm, but it has also been 

proven to be an independent predictor (42, 43). According to a large registry study, the 
chance of survival in OHCA doubled if the collapse was witnessed (43). The small 

subgroup of OHCA cases that are witnessed by the EMS, in contrast to lay persons, 

seem to have an even better prognosis (44).  

2.7.3 Bystander CPR 

Bystander CPR is defined as “CPR performed by a person who is not responding as part 
of an organized EMS to a cardiac arrest. It my may be compression only or 

compressions with ventilation” (19). As with witness status, the occurrence of bystander 
CPR is associated with other predictors, but is independently associated with increased 

survival in OHCA (44). In two Scandinavian cohorts it increased the likelihood of survival 

two- to fourfold (44, 45). 

2.7.4 Location 

Most OHCAs occur at home, at least two thirds according to several studies, and 

collapse at this location is associated with worse outcome (43, 46, 47). The reason for 

this is probably multifactorial. When an OHCA occurs outside the home it is more often 
witnessed, the likelihood of bystander CPR is higher, the time to EMS-arrival is shorter, 

the patients are younger and the proportion of cases of initial shockable rhythm is 

higher (43, 47, 48). 
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2.7.5 Age 

Although associated with several other predictive factors, advanced age has been 

shown to be an independent risk factor of worse outcome after OHCA (43, 49, 50). After 
adjusting for other risk factors, age is substantially less predictive and one should be 

aware of the risk of a “self-fulfilling prophecy” when life-sustaining therapies are 

withdrawn early after ROSC by the clinician (50, 51).  

2.7.6 Sex 

Men account for more than two thirds of OHCA cases (36, 52). Compared with men, 

females have significantly lower crude survival rates (53, 54). This may be explained by 

the fact that females experiencing OHCA are older, more often at home, less often 
witnessed and receive bystander CPR less often (53, 54). After adjusting for 

confounders, the difference in survival is no longer apparent and, in some subgroups, 
even higher in females (54, 55). 

2.8 Neurological outcome 

Since the brain is very susceptible to damage after cardiac arrest, it is important not 
only to measure survival rates but also assess the neurological function of surviving 

patients.  

Only a minority of OHCA patients surviving to hospital discharge have severe 
neurological impairment (56). According to a recent study, 47% returned to full-time 

work and another 23% returned to work with reduced working hours (57). On the other 
hand, mild cognitive impairment and symptoms such as fatigue, depression, and 

decreased problem-solving capacity are very common, including among survivors who 

return to work (57).   

For many years the Cerebral Performance Category (CPC) has been the most 

commonly used neurological outcome measure after cardiac arrest (58). According to 

this scale CPC 1–2 is considered as a good neurological outcome, while CPC 3–5 is 
regarded as a poor outcome (Table 2). According to critics, use of the CPC has limited 

ability to differentiate between mild and moderate brain injury (58). In recent years, the 
Modified Rankin Scale (mRS) has been increasingly used in cardiac arrest to evaluate 

neurological status and is recommended as a part of the latest Utstein template (59). If 

necessary to dichotomize, mRS 0–3 is often labelled as a good neurological outcome, 
while mRS 4–6 is considered as poor outcome (Table 3). There are additional 

neurological tests on the horizon, e.g. the Glasgow Outcome Scale Extended (GOS-E), 
which may become more used in the future (60).  
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Table 2. Cerebral Performance Categories (58) 

CPC 1 Conscious, alert, able to work and lead a normal life. May have minor 
psychologic or neurologic deficits (mild dysphasia, non-incapacitating 
hemiparesis, or minor cranial nerve abnormalities). 

CPC 2 Conscious. Sufficient cerebral function for part-time work in a sheltered 
environment or independent activities of daily life (dressing, travel by 
public transportation, food preparation). May have hemiplegia, seizures, 
ataxia, dysarthria, or permanent memory or mental changes. 

 

CPC 3 Conscious. Dependent on others for daily support (in an institution or at 
home with exceptional family effort). Has at least limited cognition. This 
category includes a wide range of cerebral abnormalities, from patients 
who are ambulatory but have severe memory disturbances or dementia 

precluding independent existence, to those who are paralyzed and can 
communicate only with their eyes, as in the “locked in” syndrome. 

CPC 4 Unconscious. Unaware of surroundings, no cognition. No verbal and/or 
psychologic interaction with environment. 

CPC 5 Brain dead, circulation preserved. 

 

 

Table 3. The Modified Rankin Scale (58) 

mRS 0 No symptoms. 

mRS 1 No significant disability. Able to carry out all usual activities, despite some 
symptoms. 

mRS 2 Slight disability. Able to look after own affairs without assistance, but 
unable to carry out all previous activities. 

mRS 3 Moderate disability. Requires some help, but able to walk unassisted. 
 

mRS 4 Moderately severe disability. Unable to attend to own bodily needs without 
assistance, and unable to walk unassisted. 

mRS 5 Severe disability. Requires constant nursing care and attention, bedridden, 
incontinent. 

mRS 6 Dead. 
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3 TREATMENT 

In order to understand the rationale behind different treatment strategies and the “chain 
of survival” in OHCA, a certain understanding of the pathophysiology of brain damage 

during and after cardiac arrest is needed. To fully cover this and all aspects of treatment 
is beyond the scope of this thesis. The focus of this project is on some aspects of intra-

arrest and post-resuscitation care, in particular, therapeutic hypothermia and oxygen 

treatment.  

3.1 Pathophysiology  

Anoxic brain injury due to cerebral hypoperfusion is the main reason for death and 

disability after cardiac arrest (3). If ROSC is achieved, the reperfusion phase is 
associated with several cellular mechanisms that can lead to further neuronal damage 

several days after the arrest, also called “post-resuscitation encephalopathy” (61). The 
cerebral pathophysiology is complicated and not fully understood (61). Some of the 

known features will be briefly discussed below.  

As soon as four minutes after cerebral hypoperfusion, ATP depletion and failure of 
several ion pumps begins (62). This leads to several cytotoxic events (e.g. lipolysis, 

release of glutamate, activation of certain proteases, increased intracellular calcium 
concentration) with secondary cellular necrosis (61, 63). Lipolysis leads to an 

accumulation of free fatty acids, in particular arachidonic acid (61). Furthermore, the 

ischaemia phase leads to inflammation with a complicated cytokine cascade, which 
appears to have both protective and harmful effects (64). 

Early in the reperfusion phase, in the transition from anaerobic to aerobic metabolism, 
an excessive amount of oxygen radicals is generated (e.g. from arachidonic acid ) which, 

among other things, leads to peroxidation of phospholipids with damage of cell 

membranes (65). This peroxidation starts within 15 minutes and can continue for more 
than three days (65). Almost immediately after ROSC, autoregulation of the cerebral 

blood blow is disturbed (61). Initially, there is a brief period (15–30 min) of hyperaemia, 

which is followed by prolonged hypoperfusion. After 90 minutes, cerebral blood flow can 
decrease to around 50% of normal and this disturbance of autoregulation can last for up 

to 12 hours (66). The phenomenon above, together with other mechanisms, can lead to 
delayed neuronal damage several days after the primary insult (61).  

In addition to brain injury, whole-body hypoperfusion-reperfusion in cardiac arrest can 

trigger activation of a number of pathophysiological pathways (e.g. an immense 
inflammatory response) effecting several organ systems (67). To cover all aspects of 

these pathophysiological cascades is beyond the scope of this thesis and is discussed 
in detail elsewhere (67). In short, the clinical picture can mimic sepsis syndrome in 
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several ways and is often termed post-cardiac arrest syndrome (PCAS) (68). Organ-
supportive intensive care unit (ICU) action (e.g. use of vasopressors/inotropes) is often 

needed during the first days after ROSC (69).  

3.2 Chain of survival 

The “chain of survival” was adopted by the American Heart Association (AHA) in 1991 

and is a well-established concept in cardiac-arrest care that illustrates measures to 

increase survival at different phases after collapse (70). The steps are:  

1. Early recognition and call for help 
2. Early CPR 
3. Early defibrillation 
4. Post resuscitation care  

Figure 1:  

 

Nolan et al. (71) 

The deleterious pathophysiology discussed in the previous section is very time-

dependent and every minute of hypoperfusion matters (61). For natural reasons, the 

number of patients susceptible to intervention decreases with every step in the chain. 
Therefore, it is not surprising that there is most evidence supporting the first steps in 

the chain (3, 13, 72-75). The main focus of this thesis is on the later steps in the chain, in 
particular, early advanced life support and post-resuscitation care.  

3.2.1 Early recognition and call for help  

Early recognition includes identification of symptoms preceding the cardiac arrest (e.g. 

chest pain or shortness of breath) plus symptoms of the actual cardiac arrest, most 

importantly unresponsiveness and abnormal breathing (75). This enables the EMS to 
arrive sooner, which in turn both reduces the risk of the symptoms developing into 

cardiac arrest (e.g. by means of rapid and effective treatment of myocardial infarction) 
and in the case of collapse, decreases the time to start of CPR (75). Together, this leads 

to a better chance of survival (37, 76). 
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3.2.2 Early CPR  

An early start of bystander CPR can increase the likelihood of survival severalfold (73, 

77-79). This includes both compressions together with ventilation (if the bystander has 
CPR training) or “compression-only CPR” (if the bystander does not have CPR training or 

is unwilling to perform rescue breaths) (45, 80). There may be several physiological 

explanations for this, most importantly that CPR provides a certain degree of circulation 
to both the brain and coronary arteries (75). This, in turn, can prolong the time before 

brain injury occurs, and also prolong the time before VT/VF deteriorates to asystole, 
action which may increase the chance of successful defibrillation (73, 75, 79). If 

bystander CPR is provided, the corresponding benefit to survival is 3–4% per minute, 

highlighting the importance of early CPR (32, 73, 81).  

3.2.3 Early defibrillation 

In cardiac arrest with an initial shockable rhythm, early defibrillation is crucial in order for 

the victim to survive (75). Survival can be as high as 70% in OHCA patients with initial 

VT/VF treated with a public automated external defibrillator (AED) (82). The outcome is 
substantially better if CPR is started within five minutes of collapse and it is estimated 

that for every minute of delay to defibrillation the probability of survival (to hospital 

discharge) decreases by approximately 10% (32).  

3.2.4 Early advanced life support and post resuscitation care  

The list of all potential advanced life support and post-resuscitation care measures is 

long and is discussed in more detail elsewhere (3, 60). Although several of these 

measures have demonstrated promising results in animal studies it has been difficult to 
find treatments that improve patient-centered outcomes (e.g. hospital discharge with 

favourable neurological status) in clinical studies (72, 74).  

In short: once brain injury and post-cardiac arrest syndrome is established, it is very 

challenging to halt further organ damage (72). However, there are some potential post-

resuscitation measures that have shown promising results, especially in the early phase 
after ROSC (72). Some of these are of special interest in this thesis and will be discussed 

below.  
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3.3 Therapeutic hypothermia  

There is no universally accepted definition of fever. A historically often used definition of 
“fever of unknown origin” is >38.3 oC (83). Others have proposed 37.7 oC as the upper 

limit of normal temperature (84-86). 

Fever is common in the first days after cardiac arrest and several studies have 

demonstrated that it is associated with worse outcome (87, 88). There are no RCTs 

concerning comparison of no fever control with normothermia after cardiac arrest, and 
therefore it is unknown whether fever actually causes brain injury or merely is a marker 

of already established brain damage (89). Nevertheless, the latest international 
guidelines recommend avoidance of fever in comatose survivers after cardiac arrest, at 

least for the first 72 hours (3). 

Core body temperature affects the brain in several ways. It is known that the cerebral 
metabolic rate of oxygen (CMRO2 ) is reduced by approximately 6% per degree oC and 

this is associated with several complicated biochemical processes that may be 
important as regards brain damage after cardiac arrest (90-92). For instance, induced 

hypothermia decreases the onset of anoxic cell depolarisation, it reduces accumulation 

of excitatory amino acids (e.g. glutamate) and supresses the formation of free radicals 
(92, 93). In experimental studies, hypothermia has been associated with decreased 

leakiness of the blood-brain barrier, less brain oedema, higher cerebral oxygen tension, a 
lower lactate/pyruvate ratio, less programmed cell death and decreased inflammation 

(92-95). On the other hand, this reduction in inflammation was not seen in a more 

recent clinical trial (96).  

Deep hypothermia is routinely used for neuroprotection in cardiothoracic surgery and it 

is well known that patients who have suffered from accidental hypothermia with 

secondary prolonged cardiac arrest can survive with minimal neurological sequelae (97, 
98). In these examples hypothermia precedes hypoperfusion of the brain, which is 

important to distinguish from the usual cardiac arrest scenario, where hypothermia is 
induced after circulatory arrest.  

It leaves us with the question: is therapeutic hypothermia (recently renamed targeted 

temperature management [TTM]) initiated after cardiac arrest neuroprotective? A 
proposed definition of mild therapeutic hypothermia is 34.0 oC–35.9 oC, moderate 

therapeutic hypothermia 32.0 oC–33.9 oC and deep therapeutic hypothermia <32 oC 
(99). Since the side-effects (e.g. coagulopathy, immunosuppression, arrythmias) are 

substantially more pronounced in connection with deep hypothermia compared with 

mild–moderate hypothermia, the majority of clinical trials conducted have concerned 
the latter (89, 99). Results from animal studies are promising, while results from clinical 

studies have been more divergent (72). Of note, all conducted TTM trials have been on 
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patients that are commatose (often defined as Glascow coma scale 8) after ROSC (72), 

and the evidence provided is restricted to this subset of patients.  

3.3.1 Animal studies 

According to a recent meta-analysis, which included 181 studies with a range of different 

animals and different hypothermia strategies, TTM after cardiac arrest seems to be 
benificial as regards most of the tested outcomes (mortality, neurobehavioural, 

histological) (100). The greatest benefit was seen when hypothermia was initiated early, 
preferably intra-arrest or within 15 minutes after ROSC (100, 101). However, most studies 

have been of low–medium quality and there are very few studies on gyrencephalic 

species, and especially on comorbid animals, which makes translation to humans 
difficult (100). 

3.3.2 Intra-arrest & prehospital hypothermia – clinical studies 

Several RCTs have investigated the effect of administration of cold intravenous (iv) 

crystalloid fluids during CPR (102, 103) or immediately after ROSC (104-107) in cases of 
OHCA. Overall, there was no significant difference in survival, but in some of the trials the 

group that received cold iv fluids had higher rates of rearrest (107) or lower rates of 

ROSC (in patients with an initial shockable rhythm) (102). Current guidelines advise 
against using large amounts of cold iv fluids immediately after ROSC (3).  

One way to more selectively cool the brain intra-arrest without adding intravenous 
volume is through trans-nasal evaporative cooling (TNEC) (108, 109). The method is 

portable and is suitable for use in pre-hospital settings. It cools surrounding structures 

in the nasopharynx, which causes the brain to cool via the large vessels and via 
conductivity. The inert cooling liquid perfluorohexane evaporates to cooling gas which is 

delivered through nasal catheters (108). This method has been used in two RCTs where 
witnessed OHCA patients were randomized during CPR to receive either TNEC during 

CPR or standard care (including therapeutic hypothermia at hospital after ROSC) (110, 

111). In both studies the intervention group reached target temperature (32 °C–34 °C) 
faster. In the larger study (the PRINCESS trial), some interesting trends were observed in 

the prespecified patient outcomes (in favour of the intervention group), but these were 
not statistically significant (111). In post hoc analyses, in the subgroup of patients with 

initial shockable rhythm, the intervention group showed significantly better survival with 

complete neurological recovery (CPC 1 at 90 days) (111).  
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3.3.3 Post resuscitation hypothermia- clinical studies 

In 2002, one RCT and one quasi-RCT demonstrated favourable survival and neurological 

outcome in OHCA patients with an initial shockable rhythm treated by means of TTM 
(32 °C–34 °C for 12–24 hours) compared with standard care (112, 113). After this, TTM with 

a goal temperature 32–34 °C became standard treatment in comatose patients with 

OHCA and ROSC. In 2013, in the TTM trial, standard TTM at 33 °C was compared with 
higher TTM at 36 °C, and there was no difference in survival rates nor neurological 

outcome at six months between the two strategies (56). Nor did the subsequent TTM2 
trial, including 1900 patients (with ROSC after OHCA) that were randomized 1:1 to 

hypothermia (≤33 °C) and normothermia (defined as ≤ 37.8 °C) groups, demonstrate any 

difference in survival or neurological outcome at six months. After these publications, 
the latest guidelines recommend normothermia over hypothermia in comatose patients 

after cardiac arrest, although targeting at 32–36 °C may be considered for selected 
patients(114). 

In the HYPERION-trial from 2019, which included both OHCA and in-hospital cardiac 

arrest (IHCA) patients, resuscitated comatose patients with an initial non-shockable 
rhythm were randomized to TTM with a goal temperature of either 33 °C or 37 °C for 24 

hours (115). The intervention group (TTM 33 °C) had a significantly higher rate of survival 
with favourable neurological status (defined as CPC 1–2) at 90 days. This difference in 

outcome was mainly seen in patients with IHCA (115). In a more recent trial, which 

included 249 IHCA patients, there was no significant difference in outcomes between 
the hypothermia and normothermia group (116).  

In landmark trials, one in 2002 (112, 113), and in the more recent HYPERION trial (115), some 

patients in the control group developed fever, which, after the TTM trials, raised the 
question of whether the beneficial effect seen in connection with hypothermia was 

simply due to having managed to avoid fever.  

3.4 Oxygen treatment  

Oxygen (O2) can have a double-edged effect during and after cardiac arrest. Cerebral 

oxygen tension (PbtO2) can drop to almost zero within minutes after cardiac arrest, 
which quickly can lead to irreversible hypoxic injuries (117, 118). PbtO2 is dependent on 

both brain perfusion and PaO₂. By delivering a high fraction of inspired oxygen (FiO2) 
during high-quality CPR it is possible to achieve almost pre-arrest levels of PbtO2 (117-

119). In cases where ROSC is achieved, PbtO2 increases several-fold and if high amounts 

of O2 are delivered during this phase supranormal arterial oxygen pressure (PaO₂), so 
called hyperoxemia, occurs (117, 118).  

The impact of hyperoxemia on pathophysiology following cardiac arrest is not fully 

understood, but the key mechanism is the formation of reactive oxygen species (ROS), 
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which directly or indirectly leads, for example, to mitochondrial damage, excitotoxicity, 
loss of ion gradients, cerebral vasoconstriction and increased inflammation, all of which 

can result in brain damage (120-124). This pathophysiology starts within 15 minutes of 

reperfusion and seems to be accelerated by higher levels of hyperoxaemia (125, 126).  

What is abnormal PaO₂? A frequently used definition for hypoxemia is PaO₂<8 kPa (60 

mmHg), for normoxemia PaO₂ 8–13.3 kPa (60–100 mmHg) and for hyperoxemia 
PaO₂>13.3 kPa (100 mmHg) (127, 128). To further complicate matters, in several clinical 

studies hyperoxaemia has been defined as PaO₂ >40 kPa (300 mmHg), mainly based on 

results from animal studies (129). But as so often when concerning physiological 
parameters, there is no commonly accepted, unambiguous definition available. In this 

case, it is more about a continuum of oxygen content without clear defining limits. This 

is important to have in mind when interpreting the results of clinical trials on the subject.  

The results of several animal studies suggest that hyperoxaemia, especially PaO2 >40 

kPa, is harmful during the first few hours after ROSC (120-122). Clinical studies show 
more divergent results (127, 129, 130). There are no RCTs concerning comparison of 

different O2-treatment strategies during CPR, while there are a few RCTs on comparison 

of different strategies in the post-resuscitation phase (131-136).  

In a recently published study (the EXACT trial), resuscitated unconscious OHCA patients 

were randomized to either a lower (90–94%) or higher (98–100%) peripheral O2 
saturation (SpO2) target in pre-hospital settings. Although the study was stopped earlier 

than planned due to the Covid pandemic, the lower target group had a clear but 

statistically nonsignificant trend towards lower survival and significantly more hypoxic 
events. This study highlighted the challenge of conducting a randomized study on this 

research question in a prehospital setting. First of all, most often it is not possible to 
analyse arterial blood gases (PaO₂) in this setting. Furthermore, pulse oximetry is often 

unreliable (due to vasoconstriction, for example), and it is difficult to measure SpO2 

levels in a safe manner outside hospital. Another randomized trial was stopped early 
because a large proportion of the control group (SpO2 goal 90–94%) had an episode of 

hypoxia (defined as SpO2 <88%) (133).  

A handful of RCTs have been carried out to compare different O₂-target strategies in 
unconscious and mechanically ventilated ICU patients (135, 137-139). In general, there 

was no difference in patient-centered outcomes and only one of the studies specifically 
concerned OHCA patients. Of note, in all the studies the “liberal” O2 groups had PaO2 

levels around 14–15 kPa, i.e. mild hyperoxaemia. In a real-world clinical setting, a 

substantial proportion of patients have significantly higher PaO₂ levels (129). 
Furthermore, since it can take several hours (due to time-consuming measures such as 

intra-hospital transfers, X-rays, coronary catheterization, etc.) until a patient arrives in 
the ICU, randomization and intervention were most often performed several hours after 
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ROSC.  So far, there has been no RCT carried out to compare different O₂-target 
strategies in the period between leaving the emergency room to ICU arrival, a vulnerable 

phase for the brain where abnormal O2 levels could possibly affect the 

pathophysiological process.  

In a recent systematic review, including more than 30 observational studies, it was 

concluded that the majority of the studies conducted on the subject suffer from a high 
risk of bias (129). The study designs were rather heterogeneous, not least in regard to 

when and for how long oxygen levels were measured. For this reason, pooled analysis 

was not performed (129). In most studies hyperoxemia was defined as PaO2 >40 kPa 
(300 mmHg). In some studies, early hyperoxia was associated with significantly worse 

outcomes (140, 141), while others did not find this association (128, 142-144). Although 

most studies had point estimates favouring normoxia over hypo-/hyperoxemia, the 
majority did not reach statistical significance (129). 

Current European Resuscitation Council (ERC) guidelines recommend that 100% oxygen 
should be administered during CPR, and if ROSC is achieved, the aim should be arterial 

blood saturation of 94–98%, but the level of evidence for these recommendations is 

weak (3). There is a need for further studies on this subject in order to close this 
important knowledge gap.  
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4 AIMS  

The overall aim of this work was to study aspects of optimal post-resuscitation care 
after OHCA with a focus on therapeutic hypothermia and hyperoxemia.  

Specific aims of the study:  

1. To study the adherence to targeted temperature management (TTM) guidelines in 

Sweden after publication of the TTM trial and to compare six-month survival between 

patients treated by means of TTM at 33 °C and at 36 °C. 

2. To study the association between early initiation of trans-nasal evaporating intra-

arrest cooling and neurological outcome in OHCA. 

3. To study the association between different levels of hyperoxaemia in the reperfusion 

period after cardiac arrest, and 30-day survival. 

4. To compare cooling performance and neurological outcomes in patients treated by 
means of intravascular cooling versus surface cooling for targeted temperature 

management at 33 °C after OHCA.
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5 METHODS  

5.1 Overview of study designs  

 Study I Study II  Study III Study IV 

Design Observational 
retrospective 

study 

Sub-analysis of a 
randomized 

controlled trial 

Observational 
retrospective 

study 

Sub-analysis of a 
randomized 

controlled trial 

Data sources - SIR 
- SRCR  
- NPR  
- CDR 

Study - CRF - SIR 
- SRCR  
- NPR  
- CDR 

Study - CRF 

Numbers n=2899 n=300 n=9735 n=876 

Years  2010-2016 2010-2018 2010-2021 2017-2020 

Inclusion 
criteria 

OHCA, ROSC, 
mechanically 
ventilated  

Witnessed OHCA  OHCA or IHCA, 
ROSC, 
mechanically 
ventilated 

OHCA, ROSC, 
unconscious  

Statistical 

methods 

-Multiple logistic 
regression 

-Propensity 
score matching 

Propensity score 
matching 

Multivariable 
modified 

Poisson 
regression  

Propensity score 
matching 

Outcomes  6-month survival  Survival with CPC 
1–2 at 90 days 

30-day survival Survival with mRS 
0–3 at 6 months 

Table 4. Overview of design, study population, data sources and methods in Studies I–IV 

SIR, Swedish Intensive Care Registry; SRCR, Swedish Registry for Cardiopulmonary Resuscitation; 
NPR, National Patient Register; CDR, Cause of Death Register; CRF, Case Report Form  
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5.2 Studies I and III; observational cohort studies   

5.2.1. Study design, population, data sources and statistical methods  

In these observational studies, data from four different Swedish registers were used; SIR, 

SRCR, NPR and CDR. In both studies, cardiac-arrest patients with sustained ROSC, 
admitted to an ICU and mechanically ventilated were found in SIR. This data was merged 

with data from SRCR to obtain information about the cardiac arrest, and with NPR data 
to obtain information about comorbidities and survival status.  

5.2.2 The Swedish Intensive Care Registry (SIR) 

The SIR is a national quality ICU registry founded in 2001 containing a large amount of 

ICU-related patient data such as diagnoses, physiological parameters and interventions 
(145). The coverage has increased over the years and in 2021 all 83 Swedish ICUs 

reported to the SIR (146).  

It is mandatory for all ICUs to report to the SIR the score according to the Simplified 
Acute Physiology Score-3 (SAPS-3) system. SAPS-3 is a risk-adjustment system for 

critically ill patients used in many countries (e.g. Sweden) and it includes, for example, 

physiological parameters (e.g. lowest PaO2) collected ±1 hour from ICU arrival (147). 
According to the latest annual report from SIR, the coverage rate for SAPS-3 was 97% 

(146) but of note, a SAPS-3 score is reported even if there are missing variables (missing 
variables are filled in as “normal” in the model). According to a study examining the 

prevalence of missing physiological data reported in SAPS-3 in Sweden in 2011–2014, 11% 

of physiological data were missing (more common as regards low-risk admissions and 
survivors) and one or more variables were missing in 41% of admissions (148). The most 

common missing variables were oxygenation (25% missing) and bilirubin (21%). The 
proportion of missing data in the SAPS-3 system seems to have decreased; last year 

around 30% of the data on reported admissions had one or more missing variable (149). 

To date, it has not been validated how well the variables in SAPS-3 reported to the SIR 
match real-world values.  

5.2.3 The Swedish Registry for Cardiopulmonary Resuscitation (SRCR) 

The SRCR was started in 1990 for OHCA and in 2005 for IHCA and it includes patients in 

whom CPR was started (16). It contains cardiac-arrest-related data in accordance with 
Utstein guidelines (150). The coverage has increased over the years and since 2010 all 

hospitals and EMS-providers in Sweden report to the SRCR.  
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Initially, the data was reported manually on paper, but since 2008 it has been reported 
electronically via a web-based system. The registry contains three parts. First, pre-

hospital cardiac arrest data (e.g. location of arrest, witnessed status, bystander CPR, first 

recorded rhythm, defibrillation, administration of drugs etc.) reported by the EMS crew. 
Second, in-hospital data (e.g. interventions) most often reported by an experienced 

nurse. Third, data on Patient-Reported Outcome Measures (PROMs) has been collected 
since 2013 and is usually conducted through a telephone call/follow-up visit 3–6 

months after cardiac arrest.  

Until 2010, the coverage for OHCA was estimated to be 70–100% and after that almost 
100% (151). The coverage for IHCA is lower than for OHCA, but the exact figure is 

unknown.  The coverage for PROM has varied over the years and not all hospitals report 

PROM.  

5.2.4 The National Patient Register (NPR) and Cause of Death Register (CDR) 

The NPR and the CDR are run by the Swedish National Board of Health and Welfare and 

they collect individual patient data based on Swedish social security numbers. They 

include patient data on comorbidities, cause of hospital admission, hospital 
interventions and date of death, for example (152). The registers have almost 100% 

coverage and the NPR has included all in-patient care in Sweden since 1978. According 
to the results of investigations, 85–95% of the diagnoses in the NPR are valid (153).  

5.2.5 Study I 

The aim of this study was to investigate the adherence to targeted temperature 

management (TTM) guidelines in Sweden after publication of the TTM trial and to 

compare six-month survival between patients treated by means of TTM at 33 °C and at 
36 °C. 

Adult OHCA patients with ROSC, who were admitted to an ICU unconscious (Glasgow 
Coma Scale [GCS] ≤8), mechanically ventilated and recorded in the SIR between January 

2010–March 2016 were eligible for inclusion. Information on whether or not the patient 

received TTM was collected from the SIR, but since the SIR defined all types of TTM as 
“active hypothermia”, with no discrimination between TTM 33 oC and TTM 36 oC, a 

survey was sent to all the ICUs (n=69). The survey included the question:  Have you 
changed from TTM 33 oC to TTM 36 oC when treating OHCA patients and if so, at what 

date was this change implemented in your hospital? According to the date the patient 

was admitted to the ICU and answers from the survey, patients receiving active 
hypothermia were classified into either the TTM33 or TTM36 group. The primary 

outcome was 6-month survival.  
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Statistical methods 

Categorial variables were presented as counts and proportions, and continuous 

variables as medians and quartiles. To test baseline differences, the chi-square test for 

categorial variables, and Wilcoxon’s rank-sum test for continuous variables were used. 
To test if there was a difference in survival between the TTM33 and the TTM36 group, 

binary logistic regression analysis was performed as well as propensity score matching. 
The logistic regression analysis was adjusted for age, gender, location, bystander CPR, 

witnessed status, Charlson comorbidity index (CCI) and SAPS-3 score. The same 

variables were included in the propensity score calculation (1:1 nearest neighbour).  

 

5.2.6 Study III 

The aim of this study was to evaluate the association between different levels of 

hyperoxemia at ICU arrival after cardiac arrest, and 30-day survival. Adult OHCA and 
IHCA patients who were admitted to an ICU, mechanically ventilated and recorded in the 

SIR between January 2010–March 2021 were eligible for inclusion. Partial oxygen 

pressure (PaO2) was collected from the SAPS-3 score (± one hour from ICU arrival) 
registered in the SIR and the patients were divided into groups based on this PaO2 value. 

Normoxaemia was defined as PaO2 8–13.3 kPa and hypoxaemia as PaO2 <8 kPa. 
Hyperoxaemia was defined as mild (13.4–20 kPa), moderate (20.1–30 kPa), severe (30.1–

40 kPa) and extreme (>40 kPa). The primary outcome was 30-day survival.  

 

Statistical methods 

Categorial variables were presented as counts and proportions. Continuous variables 

were presented as means and standard deviations, or medians and quartiles. The 
normoxaemia group was used as a reference group and the other groups were 

compared with this group. To handle missing data, multiple imputation was performed 
under the assumption of missing at random. Relative risks (RRs) and 95% confidence 

intervals (CIs) were estimated using multivariate modified Poisson regression adjusted 

for age, sex, bystander CPR, witnessed status, initial shockable rhythm, CCI, SAPS-3 
score, location and EMS-response time.  
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5.3 Studies II and IV; sub-analyses of randomized controlled trials  

Study design, population, data sources and statistical methods  

Both these studies are sub-analyses of randomized controlled trials (RCTs) with the 

study CRF from the respective studies as the data source.  

5.3.1 Study II 

In the PRINCESS trial, 677 bystander-witnessed OHCA patients were randomized during 
CPR to either intra-arrest trans-nasal evaporative cooling (TNEC) initiated by EMS or 

cooling started after hospital arrival. In both groups, patients admitted alive to the 
hospital received systemic TTM with a targeted temperature of 32–34 oC for 24 hours. 

The aim of this prespecified sub-study of the PRINCESS trial was to evaluate the 

association between early initiation of TNEC and neurological outcome. Early cooling 
(intervention) was defined as cooling initiated ≤20 minutes (median time to initiation of 

cooling in the main trial) since collapse, and these patients were propensity score-

matched with comparable patients in the control group. The primary outcome was 
survival with good neurological outcome, defined as CPC 1–2, at 90 days. 

Statistical methods 

Patients in the early cooling group were (1:1) propensity score-matched with patients 

in the control group using nearest neighbour (caliper width 0.2) to balance covariates 

between the groups. The used variables in the propensity score calculations were: 
“time to randomization”, gender, age, weight, aetiology, bystander CPR, initial rhythm, 

study site. Conditional logistic regression was used for the outcome analyses.   

 

5.3.2 Study IV 

In the TTM2 trial, 1900 OHCA patients with ROSC and GCS scores ≤8 were randomized 

to either hypothermia (TTM 33 oC) or normothermia (<37.8 oC) for 28 hours. It was up to 

each hospital to choose the cooling method. The aim of this sub-study of the TTM2 trial 
was to evaluate the association between the chosen cooling method, i.e., intravascular 

cooling (IC) or surface cooling (SFC), in the hypothermia group, and outcomes. The 
primary outcome was survival with good neurological outcome, defined as mRS score 

0–3, at six months. Secondary outcomes included six-month survival and cooling 

performance. 
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Statistical methods 

Propensity score matching (1:1) using nearest neighbour with caliper width 0.2 was used 

to find corresponding patients in the IC and SFC group and to balance covariates 

between the groups. Variables included in the propensity score calculation were sex, 
age, initial rhythm, time to ROSC, location, frailty score, witnessed status, bystander CPR 

and CCI score. Supplementary analysis using both frequentist and Bayesian multilevel 
logistic regression was performed. 

 

5.4 Ethical considerations  

All studies in this doctoral project were approved by regional ethics boards (EPN/EPM). 

The diary numbers for the different studies are:   

Study 1: 2016/172-31 
Study 2: 2010/383-32 (in addition to 2009/57-31/3) 

Study 3: 2022-01450-02 (in addition to 2021-01165, 2018/2193-32 and 2016/172-31) 
Study 4: 2017/622 (in addition to 2017/36 and 2015/228) 

 

All studies in this doctoral project included unconscious cardiac arrest patients. Some 
ethical issues are the same for all studies, while others differ depending on the study 

design. A cornerstone in the Declaration of Helsinki is informed consent from the 
person that is studied, preferably before inclusion. This is especially important in 

experimental studies. A general ethical problem when studying cardiac-arrest patients 

is the fact that the vast majority of them are unconscious at the time of inclusion 
(many cardiac-arrest studies include only unconscious patients), which makes it very 

challenging to obtain informed consent before inclusion. On the other hand, some 

argue that it is unethical to avoid research on critically ill patients merely because of 
the fact that they are unconscious. How can the care of future cardiac-arrest patients 

be improved if research is not allowed on unconscious patients?  

This ethical dilemma is not unique to cardiac-arrest patients. For instance, a large 

proportion of patients treated in the ICU are in the same position. Historically, this has 

made it more difficult to conduct research on ICU-treated patients. There are different 
ways to handle this question.  

In the best of all possible worlds, informed consent would always be collected in 
advance, for instance when patients are in contact with the healthcare system for 

another reason. There are several problems with this approach. Firstly, it is very 

resource- and time-consuming, since it would require an enormous amount of 
consent documentation, especially if the disease in question is fairly uncommon. This 
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problem could partly be solved by asking for general consent (e.g. “I agree to 
participate in ICU-related research if I were unable to give informed consent before 

inclusion”). On the other hand, this approach raises a new ethical dilemma: is a “general 

consent” of this sort ethically valid if the patient is not informed about the details of 
these hypothetical studies? 

Another way is to ask next of kin for consent until (if ever) the patient is able to make a 
decision. In recent decades, this approach has been commonly used in experimental 

studies on ICU-treated patients. One could question the validity of this type of 

consent, perhaps even more if the relative says no, especially if the research question 
is on interventions that already are a part of standard treatment in many institutions 

(e.g. when comparing different goal temperatures with targeted temperature 

management after cardiac arrest). This method was used in sub-study 2 in this 
doctoral project.  

A third way is presumed consent and that the patient has the possibility to withdraw 
when (if ever) they are able make a decision. When using this approach, next of kin are 

often informed (but not asked for consent) that the patient is included in a study. An 

argument for this approach is that relatives generally do not have enough medical 
knowledge to make a well-informed decision regarding the research question, or the 

patient’s attitude towards participation. On the other hand, using this method implies 
that no one needs to give consent in cases where patients die before they wake up, 

and according to some, this, the absence of any consent, is problematic. This method 

has been used in sub-study 4 in this doctoral project.  

Observational studies (like sub-studies 1 and 3) are associated with somewhat 

different ethical considerations compared with experimental studies. When patients 
are not exposed to any experimental intervention per se, many argue that informed 

consent is less relevant, especially if the intervention is already part of standard 

treatment and the participants are somehow anonymized. This, of course, does not 
mean that consent is irrelevant.  

Of prime importance, a person's right to self-determination should always be highly 

valued, and in most Swedish registers there is an opportunity for anyone to leave the 
register if they actively ask for it. Secondly, a great deal of personal data is sensitive 

and if misused the consequences can be devastating. Although many registers are 
anonymized, there are often possible ways of breaking that anonymization using 

identification keys. Furthermore, even if anonymization can be guaranteed at an 

individual level, collection of data without informed consent at a group level can also 
be problematic, for instance when it comes to ethnicity, sexual orientation, religion, 

political views etcetera.  
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In sub-studies 1 and 3 in this doctoral project we collected data from four Swedish 
registries: the SIR, the SRCR, the NPR and the CDR. These registries, like most others in 

Sweden, have collected patient information without individual informed consent. 

Instead, members of the public have received more general information that their 
patient data may be used for research purposes. The data is pseudo-anonymized 

(there is a code key), and in our studies the key is destroyed after three months. The 
results are based on group analysis of historical data and this has not affected the 

treatment that patients received. Thorough and well-motivated applications are 

needed in order to convince both the Swedish Ethical Review Authority and respective 
register-holders to allow collection and research on data from the Swedish registries. 

Although the individual patients did not benefit from participating in the studies there 

is some public benefit (after publication of the studies), which hopefully will outweigh 
the relatively small downsides for the participants.  
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6 RESULTS 

6.1. Study 1 –Changes in hypothermia management in OHCA patients 
after the publication of the TTM trial and its effect on survival 

Study population 

In total, 4092 OHCA patients were found in the SIR during the study period. After 
exclusion, 2899 patients were included in the analysis. Of these, 1402 (48%) were 

treated by means of TTM and after exclusion of patients with missing variables, 1038 

patients (median age 66, 75% men, 65% shockable rhythm) were included in the survival 
analysis. Of these, 755 (73%) patients underwent TTM33oC and 283 (27%) patients 

underwent TTM36oC. 

 
Figure 2. Study I. Flow of patients.  

 
 

Abazi L, Awad A et al. Resuscitation.(154) Reprinted with permission from Elsevier.  
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Main results  

After publication of the TTM trial, the majority of ICUs in Sweden changed targeted 

temperature management from 33 oC to 36 oC within a couple of months. At the end of 
the study period, all but one ICU (68/69) had changed. The proportion of patients 

receiving any TTM decreased significantly (p for trend <0.001) after publication of the 

TTM trial; from 70.5% to 54.5% in patients with initial shockable rhythm and from 41.3% 
to 26.7% in patients with non-shockable rhythm.  

 
Figure 3. Proportion of patients with initial shockable rhythm treated with any TTM in 
Sweden between 2010 and 2015. 
 

 
Abazi L, Awad A. et al.(154) Reprinted with permission from Elsevier.  

 
 

There was no difference in 6-month survival between the TTM33oC group (47.2%) and 

the TTM36oC (47.3%) group (adjusted OR 1.12, 95% CI 0.8–1.56). After propensity score 
analysis, 52.7% in the TTM33oC group and 47.3% in the TTM36oC group were alive at six 

months. The difference was larger (in favour of the TTM33oC group) in patients with 
initial shockable rhythm, but this was not statistically significant.   
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6.2 Study 2 – The effect of early initiation of trans-nasal cooling on 
neurological outcome in OHCA patients 

Study population  

Of 677 patients included in the PRINCESS trial, 343 were randomized to intra-arrest 
trans-nasal evaporating cooling (TNEC). Among these, TNEC was initiated ≤20 minutes 

after collapse in 156 patients. Of these, 150 patients (intervention) were included in the 

propensity score matching analysis and compared (1:1) with 150 patients (control) in 
the group where cooling was initiated after hospital arrival. The median age was 65 

years, 76% were men and 38% had initial shockable rhythm. The baseline 
characteristics were balanced in the two groups; e.g., in both groups the median time 

from collapse to randomization was 13 minutes. 

 

Main results  

The time to goal temperature (<34 oC) was significantly shorter in the intra-arrest 

cooling group (median 95 vs. 157 minutes, p<0.001) while the rate of ROSC was similar in 
both groups: 51.3% in the intervention group vs. 48.6% in the control group (p=0.64). 

There was no significant difference in the primary outcome (CPC 1–2 at 90 days): 23.3% 

in the intervention group vs. 16% in the control group (OR 1.92, 95% CI 0.95–3.85). In the 
subgroup with an initial shockable rhythm, there was a significant difference: 50.9% in 

the intervention group vs. 29.8% in the control group (OR 3.25, 95% CI 1.06–9.97). The 
difference was greater as regards complete neurological recovery (defined as CPC 1): 

47.4% in the intervention group vs. 21.1% in the control group (OR 5.33, 95% CI 1.55–18.3). 

In the subgroup with non-shockable rhythm there was no significant difference in any of 
the outcomes.  
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Figure 4. Primary and secondary outcomes after propensity score matching.  

Awad A. et al. (155). Reprinted with permission from Springer.  

Figure 5. Survival with CPC 1–2 at 90 days depending on time from randomization. 

 
 
Awad A et al (155). Reprinted with permission from Springer. 
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6.3 Study 3 – Association between hyperoxemia after cardiac arrest 
and survival 

Study population  

In total, 12,833 cardiac-arrest patients were found in the SIR during the study period and 

9735 (7733 OHCA and 5100 IHCA) patients were included in the analysis. Of these, 
44.6% were hyperoxaemic, 44.8% were normoxaemic and 10.5% were hypoxaemic. 

Among patients with hyperoxaemia, 2217 were classified as mild hyperoxaemia, 1091 as 

moderate hyperoxaemia, 507 as severe hyperoxemia and 529 as extreme hyperoxemia.  

 
 
 
Figure 6. Study III. Flow of patients. 
 
 

 
 

Awad et al (156).Reprinted with permission from Springer. 
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Main results  

In the whole study population, the rates of 30-day survival were 32.2% in the 

hyperoxaemia group, 36.2% in the normoxemia group and 23.3% in the hypoxemia 

group. In patients with hyperoxemia, survival rates were successively lower with higher 
pO2-levels. Compared with the normoxia group (reference group), the adjusted RRs as 

regards 30-day survival were: mild hyperoxemia, 0.91 (95% CI 0.85–0.97), moderate 
hyperoxaemia, 0.88 (95% CI 0.82–0.95), severe hyperoxemia 0.79 (95% CI 0.7–0.89), 

and extreme hyperoxemia, 0.68 (95% CI 0.58–0.79). The adjusted RR for the 

hypoxaemia group, compared with the normoxemia group, was 0.83 (95% CI 0.74–0.92). 
A similar pattern was seen in both OHCA and IHCA patients.  

 
 
 
Figure 7. Adjusted relative risk (RR) as regards 30-day survival in different O2 groups 
compared with the normoxaemia group.  

 

Adjusted for sex, age, witnessed status, bystander CPR, initial rhythm, Charlson comorbidity index, SAPS-3 

score, response time, location. Reprinted with permission from Springer, Awad et al (156). 
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Figure 8. Adjusted predicted 30-day survival with PaO2 (kPa) as a continuous variable. 

 

Adjusted for sex, age, witnessed status, bystander CPR, initial rhythm, Charlson comorbidity index, SAPS-3 

score, response time, location. Dotted lines indicate 95% confidence intervals. Reprinted with permission from 

Springer, Awad et al (156). 

 

 

6.4 Study 4 – Cooling performance and neurological outscomes in 
OHCA patients receiving intravascular versus surface cooling  

Study population 

Of 1900 patients included in the TTM2 trial, 925 were randomized to TTM33oC, of which 
876 were included in this sub-study. Of those, 30% received intravascular cooling (IC) 

and 70% received surface cooling (SF). Twenty-five (41%) of the hospitals used IC in at 

least one patient and 53 (87%) of the hospitals used SFC in at least one patient. Most 
centres that had both cooling methods had a clear tendency to use one or the other of 

them. The mean age of the patients was 64; 80% were men and 74% had an initial 
shockable rhythm. Most baseline characteristics were similar in the two groups.  
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Figure 9. Study IV. Flow of patients. 

 
⦰ Not included in propensity score matching. 

 
 
Patient outcomes and cooling precision   

At six months, after propensity score matching, 134/253 (53%) patients in the IC group 

vs. 107/253 (43.1%) patients in the SFC group were alive, with mRS scores of 0–3 (OR 1.5, 

95% CI 1.03–2.48), and 152/266 (57.1%) in the IC group vs. 134/266 (50.4%) in the SFC 
group were alive (OR 1.3, 95% CI 0.93–1.81). 

A larger proportion of patients in the IC group vs. the SF group reached targeted 
temperature (≤33.5 oC) within four hours from randomization (66.5% vs. 49.6%, 

p<0.001) and within eight hours (93% vs. 87%, p<0.024). The median time to reach 

≤33.5oC was approximately three hours in the IC group vs. 4 hours in the SFC group. 
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Temperature variability was significantly higher in the SFC group; more patients in the 
SFC group had at least one episode of overcooling (70.8% vs. 20.9%, p<0.001) and 

more patients in the SFC group has at least episode of post-TTM fever (21.5% vs. 8.7%). 

 

Figure 10. Outcomes and cooling precision for intravascular vs surface devices. 

 Intravascular 

cooling  

Surface device 

cooling  

p value 

Patient centred outcomes 

Survival with mRS* 0-3 at 180 days after 

propensity score matching#, no. (%) 

134 (53.1) 

OR 1.5 (95% CI 1.05-2.15) 

107 (43.1) 0.03 

Survival at 180 days after propensity score 

matching#, no (%) 

152 (57.1) 

OR 1.3 (95% CI 0.93-1.81 

134 (50.4) 0.13 

Cooling performance  

Number of patients reaching target temperature 

within 4 hours from randomization (%) 

161 (66.5) 256 (49.6) <0.001 

Number of patients reaching target temperature 

within 8 hours from randomization 

225 (93.0) 449 (87.0) 0.024 

Number of patients with at least one episode of 
overcooling (%) 

52 (20.9) 390 (70.8) <0.001 

Proportion of temperature measurements out of 
range (%) 

19.7 43.4  <0.001 

Mean temperature deviation among 
measurements out of range (0C) 

0.9 1.0 <0.001 

Cumulative temperature deviation (proportion x 

mean deviation) 

17.8 43.6 <0.001 

Number of patients with at least one episode of 

post-TTM fever (%) 

21 (8.7) 111 (21.5) <0.001 

*Modified Rankin Scale 0-3 #Propensity score matching including age, sex, initial rhythm, frailty score, time 
to ROSC, witnessed status, bystander CPR, location, Charlson comorbidity score 
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Figure 11. Patient temperatures over the intervention period. 

 

 
Median and interquartile temperatures in intravascular (blue) and surface (red) cooling groups during the 
intervention period. Hours from randomization on the x-axis 

 

Figure 12. Proportions of patients reaching target temperature within 12 hours in the IC 

versus the SFC group. 
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7 DISCUSSION 

7.1 Maind findings 
The fact remains: the prognosis after OHCA is still poor and the evidence for 
interventions in the post-resuscitation phase remains low. However, the main finding in 

this work is that there are several aspects in post-resuscitation care that may influence 

the outcomes, especially neurological outcomes. We have demonstrated that:  

1. Early initation (<20 minutes from collapse) of intra-arrest TNEC, compared with 

cooling started after hospital arrival, in patients with shockable rhythm, is 
associated with better neurological outcome.  

2. Intravascular cooling, compared with surface cooling, in patients in whom 

targeting is 33 oC after cardiac arrest is associated with better cooling 
performance and better neurological outcome 

3. Both hyperoxemia (in a potential dose-dependent way) and hypoxaemia, 
compared with normoxemia, early after cardiac arrest, is associated with worse 

neurological outcome.  

Since all these findings come from registries or sub-analyses of RCTs, and which all are 
observational studies, we can only draw conclusions about associations and not about 

causality. As with all observational studies, biases and residual confounding cannot be 
completely excluded. Nevertheless, these findings raise important questions and can be 

stepping stones to future studies.  

Furthermore, we have demonstrated that after publication of the TTM trial, most 
hospitals in Sweden almost immediately changed targeted temperature (from 33 oC to 

36 oC) in OHCA patients receiving therapeutic hypothermia, that the proportion of 

OHCA patients receiving any TTM decreased, and that 6 month-survival was not 
affected in patients undergoing TTM.  

7.2 Why is it difficult to find evidence for interventions in the post 
resuscitation phase after cardiac arrest? 

“Time is brain” in cardiac arrest. As discussed above, the detrimental pathophysiology 

after cardiac arrest is very time-dependent and every minute of hypoperfusion matters. 
After a certain period of ischaemia, brain cells, not least neurons, can be beyond saving, 

and in such situations all interventions may be ineffective. This could possibly explain 

why early initiation of TNEC was associated with better neurological outcome in VT/VF 
patients (with probably a shorter period of hypoperfusion), versus PEA/asystole 

patients, in Study II. On the other hand, in the HYPERION trial, which included only 
PEA/asystole patients, TTM 33 oC led to higher rates of survival with CPC scores of 1–2 
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(115). However, it should be mentioned that this was largely driven by the IHCA group, in 
which systemic cooling can be started earlier than in OHCA patients.  

The challenge is to pinpoint the group of patients that have enough neurons that can be 

saved in order for them to survive with favourable neurological function, without 
“overtreating” too many patients. To save as many patients as possible, we will 

inevitably treat some beyond saving and this overtreatment comes with ethical and 
health economic dilemmas.  

A similar dilemma arises in a research context when choosing inclusion criteria. Broad 

inclusion criteria (e.g., including cardiac arrests with all initial rhythms and including non-
witnessed cardiac arrests) increases the study inclusion rate, leads to a more 

heterogeneous study population and potentially greater generalizability. On the other 

hand, if an effect is found in only one subgroup (e.g., patients with VT/VF, early intra-
arrest cooling or intravascular cooling), this effect may be diluted by another subgroup 

showing no effect or even harm (e.g. patients with PEA/asystole, late initiation of cooling 
or surface cooling) and the final result may not be significant. The question is whether or 

not it is realistic to find significant evidence for an intervention in the post-resuscitation 

phase in an unselected and heterogeneous cardiac-arrest population. It partly depends 
on what we define as a clinically significant difference and how large can we make 

clinical trials, both from an ethical and economic standpoint. Nevertheless, it is a 
consideration that those undertaking future studies must take into account.  

7.3 Similarities between cardiac arrest trials and ICU trials in general 

In general, resuscitated cardiac-arrest patients are treated in ICUs. Difficulties to find 
evidence-based interventions that increase survival are not unique to cardiac-arrest 

patients, and represent a general problem for almost all ICU-related treatments. Despite 

a large number of conducted trials, very few “positive” ICU RCTs have been carried out 
when using survival as the primary outcome. ICU patients are complex, heterogeneous 

and often suffer from multi-organ failure, which makes it difficult to find interventions 
which on their own can affect survival. Furthermore, prognoses for ICU patients can 

differ greatly, which has implications as regards trial results. Some ICU patients will 

survive regardless of trial intervention, while others will die despite intervention. If these 
patients are included in analysis, this will dilute the observed effect on the group that 

may benefit from the intervention in question. The challenge is to identify which patients 
are hanging in balance and may benefit from the intervention in question, both in clinical 

practice and in studies. 
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7.4 Should we use survival or neurological outcome as the primary 
outcome in cardiac arrest studies? 

There are several arguments for having survival as the primary outcome when studying 

cardiac-arrest patients. First, it is a robust and arguably the most objective patient-
centred outcome. Second, it is relatively easy to follow up. Third, it is easy to use when 

comparing different studies. Although survival will always be an important outcome in 

cardiac arrest, it is not always need the best one. An alternative is to use neurological 
status as the primary outcome.  

The brain is the most vulnerable organ in cases of cardiac arrest, and several of the 
interventions (e.g., therapeutic hypothermia) tested in the post-resuscitation phase 

have primarily been aimed at protecting the brain. This could explain why RCTs 

demonstrating a positive effect of therapeutic hypothermia have done so primarily in 
connection with neurological outcome and not survival (112, 113, 115). The same pattern 

can be seen in Studies II–IV in this thesis. Therefore, one could argue that neurological 

status should be the primary outcome in most cardiac-arrest studies, but this brings its 
own challenges, e.g., to define “good neurological outcome”.  

7.5 What is good neurological outcome? 

There is no clear answer to this question. As mentioned previously, for many years a 

CPC score of 1–2 has been used as a definition of good neurological outcome after 

cardiac arrest, but this has been criticised for its limited ability to differentiate between 
mild and moderate disability. Therefore, the mRS (with 0–3 defined as good neurological 

outcome) has been increasingly used over the years and is also recommended in the 

latest Utstein template (59). A limitation of the mRS is that it was primarily developed 
for evaluating neurological status after stroke, and has been associated with substantial 

inter-rater variability (157). There are new neurological tests on the horizon, e.g., the 
Glasgow Outcome Scale-Extended (GOS-E), but there will always be a risk of 

subjectivity and inter-rater variability when it comes to neurological scales. Furthermore, 

different patients will estimate “good” neurological status in different ways. One patient 
with CPC 2 may rate it as high quality of life, while another patient with the same score 

may rate it as low. Therefore, it may be of value to use “complete” neurological recovery 
(e.g., CPC 1 or mRS 0–1) as an outcome measure in future studies. Of note, in the 

PRINCESS trial and in Study II, the difference between groups (in favour of the intra-

arrest cooling group) was larger in connection with CPC 1 than CPC 1–2. No matter which 
scales or definitions will be used in future studies, it is of importance to take these 

questions into consideration, and if possible, to involve patient representatives when 
designing studies.  
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7.6 Are there risks in adopting results from new studies immediately? 

In Study I we demonstrated that most Swedish hospitals changed targeted temperature 
(33 oC to 36 oC) in OHCA patients receiving TTM only months after publication 

(November 2013) of the TTM trial, even before international guidelines were changed in 
2015. In the 2015 guidelines, targeted temperature was changed from 32–34 oC to 32–36 

oC, but the strength of the recommendation to use TTM after OHCA was unchanged; 

strong recommendation for patients with VT/VF and weak recommendation for patients 
with PEA/asystole (72). Despite this, the proportion of patients receiving any TTM 

decreased in 2014–2016 (among both VT/VF and PEA/asystole patients), which we 
interpret as lower adherence to guidelines. It is unknown if this trend was a coincidence 

or a consequence of the TTM trial. Perhaps some interpreted TTM 36 oC as “no 

intervention”? If so, it would be a misinterpretation of the TTM trial (the TTM 36 oC group 
were actively cooled). Fortunately enough, this did not have any significant impact on 

six-month survival in our cohort (158). On the other hand, another “before and after 
study” demonstrated increased frequency of fever and slightly worse survival rates in 

OHCA patients after publication the TTM trial (159). Even though the more recent TTM2 

trial did not demonstrate any difference between TTM 33 oC vs. normothermia (<37.8 oC), 
this information was not available during the period 2014–2016. 

7.7 Should we give up therapeutic hypothermia after cardiac arrest? 

After publication of the TTM2 trial one may ask: should we give up therapeutic 
hypothermia after cardiac arrest? Why expose patients to hypothermia, with its costs 

and potential side-effects, when normothermia seems to be just as good? The answer 
to this should be both yes and no. If it refers to the way most hospitals have used 

hypothermia during the last few decades, e.g., cooling initiated several hours after ROSC 

in relatively unselected cardiac arrest patients, the answer is probably yes. However, as 
seen in Studies II and IV in this thesis, for example, there are several aspects of cooling 

after cardiac arrest which should be further investigated before we can come to a 
conclusion.  

To date, the TTM2 trial was a well-conducted and by far the largest (n=1900) RCT 

concerning therapeutic hypothermia after OHCA. It was a pragmatic study including all 
rhythms, allowing randomization up to three hours after arrest, and it was up to every 

participating centre to choose the cooling method. In the hypothermia group, the 

median time from arrest to randomization was 136 minutes and the median time from 
randomization to <34 oC was three hours. These cooling rates are similar to those in most 

previous trials (56, 115, 160, 161) and probably reflect clinical practice in centres with 
experience of hypothermia. It leaves us with the question: is it possible and/or of value 

to initiate cooling and reach hypothermia faster? 
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From both animal studies and a physiological standpoint it is reasonable to believe that 
the earlier cooling is initiated (and hypothermia reached), the better. However, this has 

been difficult to demonstrate in clinical studies. In the PRINCESS trial, there was no 

statistically significant difference in main outcomes between initiation of intra-arrest 
TNEC vs. systemic cooling started after hospital arrival in the whole study population. 

However, as we demonstrated in Study II, there was an association between early 
initiation (<20 minutes) of TNEC in patients with initial VF/VT and improved neurological 

outcome. Although the results from this sub-analysis should be interpreted with caution, 

it is hypothesis generating and motivating future intra-arrest cooling studies.  

Moreover, there are no large RCTs in which different advanced cooling methods with 

temperature feed-back loops have been compared. According to the results of meta-

analyses (162-164) and Study IV, intravenous cooling, compared with surface cooling, is 
associated with better neurological outcome. Whether this difference is causal and 

whether this potential effect is large enough to motivate therapeutic hypothermia vs. 
normothermia is up to future studies to answer.  

Furthermore, therapeutic hypothermia after IHCA is not well studied. To date, there is 

only one RCT concerning therapeutic hypothermia focused on IHCA. This study (the 
HACA in-hospital trial) could not demonstrate any significant difference in outcomes 

between the hypothermia and normothermia group. On the other hand, in the HYPERION 
trial, including both OHCA and IHCA patients, the observed difference in the primary 

outcome (CPC 1–2) was largely driven by the IHCA group. Although this was only a 

subgroup analysis, it warrants further studies. Since IHCA patients are already in hospital, 
there is a potential to initiate systemic/advance cooling more rapidly than in OHCA 

patients. 

In addition to the above, there are further aspects of therapeutic hypothermia after 

cardiac arrest that have not been fully explored (e.g., optimal duration of hypothermia), 

and before we give up cooling, it should be tested under optimal conditions among 
different subgroups of patients.  

7.8 Therapeutic hypothermia is difficult to blind; is it a problem? 

Since most cardiac-arrest patients receiving therapeutic hypothermia are unconscious, 
it is usually not difficult to blind them to the intervention. Furthermore, in most RCTs on 

the subject, the people assessing outcomes and the statisticians have been unaware of 
the trial-group assignment. However, it is very difficult to blind the health professionals 

involved in patient care to the intervention. First, it is almost impossible to blind the 

patient’s body temperature. Second, it is practically impossible to blind the health 
professionals initiating cooling intervention. Third, even if the person initiating the 

intervention is not one of the health professionals taking care of the patients, it is usually 
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difficult to hide the cooling method (e.g., ice packs, surface cooling or intravenous 
cooling). This introduces a risk of performance bias. For example, patients enrolled in 

prehospital intervention may receive longer CPR compared with the control group, or 

patients receiving systemic hypothermia may receive better/worse ICU-care compared 
with those in the control group. Biased ICU-care can be particularly problematic in 

cardiac-arrest patients, since early withdrawal of life-supporting therapies is a common 
cause of death after cardiac arrest (165, 166). Since most patients in whom life support 

is withdrawn will die, there is a risk of self-fulfilling prophecy (166).  Furthermore, it can 

be challenging to blind the intervention to relatives (e.g., when visiting the ICU) for the 
same reasons as for health professionals, and this may introduce a bias if the relatives 

reveal this to the patient (if they wake up) or are involved in the neurological follow-up.  

7.9 When does intensive care after cardiac arrest start? 

The short answer is: immediately after collapse. There is no universal definition of 

intensive care, but usually it is advanced healthcare supplied in the ICU after hospital 
arrival.  However, in a time-critical condition such as cardiac arrest, every minute counts 

and advanced care must be provided immediately. This may include high-quality CPR, 

defibrillation, airway management, ventilation, administration of oxygen, administration 
of drugs, therapeutic hypothermia, blood-pressure targets, extracorporeal membrane 

oxygenation (ECMO) and percutaneous coronary intervention (PCI). For an OHCA 
patient, it can take several hours from collapse to ICU arrival (due to transport, time in 

the emergency room, X-ray, PCI etc.) and suboptimal care during this period could 

affect the pathophysiological processes. This is highlighted by the results of Studies II 
and III, which to a large extent focus on the period before ICU-arrival.  

7.10 Why do results from observational studies vs. randomized clinical 
trials on hyperoxaemia after cardiac arrest differ? 

As mentioned previously, observational studies on hyperoxemia after cardiac arrest are 

heterogeneous and show divergent results. In most of them, hyperoxaemia has been 

defined as PaO2 >40 kPa, and according to pooled results in a meta-analysis (129), 
hyperoxaemia, compared with normoxemia, seems to be harmful. In the few RCTs 

specifically concerned with the study of oxygen levels after cardiac arrest (135, 136), 
hyperoxaemia was not harmful. Of note, the “liberal” oxygen groups had PaO2 levels of 

around 15 kPa, which is significantly lower than the definition of hyperoxaemia used in 

most observational studies. In Study III in this thesis, we demonstrated that 
hyperoxemia, compared with normoxemia, was associated with worse 30-day survival in 

a dose-dependent way. We did not find a definitive cut-off point for worse outcomes, 
but it seems to be somewhere around PaO2 >20 kPa, this also being above the levels 

seen in the RCTs. Furthermore, there is always a risk of the Hawthorne effect (i.e., 
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modification of behaviour in response of being observed) in RCTs, which in general can 
contribute to differences seen in observational studies vs. RCTs (167).  

7.11 Is it ethical to randomize resuscitated cardiac arrest patients to 
more extreme hyperoxemia levels? 

Although based on low-grade evidence, consecutive ERC guidelines have 

recommended that hyperoxaemia should be avoided in cardiac-arrest patients with 

ROSC (3, 72). The dose-response association seen in Study III supports these guidelines 
and although previous studies have shown mixed results, there is not a single cardiac-

arrest study suggesting that more extreme PaO2 levels are beneficial. Therefore, the 
question is: would it be reasonable to randomize patients to more extreme PaO2 levels 

(e.g., >20 kPa)? Probably not. It would be hard to initiate such a study from an ethical 

standpoint. Instead, this is probably a question where we must settle for well-
conducted observational studies.  

 

7.12 Future perspectives 

In summary, we still lack convincing evidence-based interventions for cardiac-arrest 

patients in the post-resuscitative phase.  Does this mean that it does not matter how 
we treat the patients in this critical phase? Of course not. As Dr. Carl Sagan said, 

“Absence of evidence is not evidence of absence”. 

We as a scientific community must continue to develop the way we conduct our 
studies, and, as demonstrated in this thesis, there are several aspects of post-

resuscitative care that may influence the outcome of the patient and are worth following 

up. Some of the knowledge gaps in care after cardiac arrest that ought to be addressed 
in future studies are:  

- Is early intra-arrest TNEC in VT/VF patients neuroprotective? 
- Is intravasular cooling, compared with surface cooling, neuroprotective? 

- What is the optimal ventilation and oxygenation strategy after ROSC? 

- What is the optimal blood-pressure target after ROSC? 
- Does the duration of therapeutic hypothermia matter? 

- Is fever after cardiac arrest harmful? 
- Is intra-arrest ECMO benificial for some subgroups of patients? 
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8 CONCLUSIONS  
 

Study I 

After publication of the TTM trial, most Swedish hospitals almost immediately changed 
targeted temperature (from 33 0C to 36 OC) in resuscitated OHCA patients. The 

proportion of patients that received any TTM decreased, and this was not associated 

with any change in six-month survival in patients who did undergo TTM.  

 

Study II 

In the whole study population, early (<20 minutes) initiation of intra-arrest TNEC, 

compared with systemic cooling started after hospital arrival, was not associated with 

improved neurological outcome. In the subgroup of patients with initial shockable 
rhythms, early intra-arrest TNEC was associated with improved neurological outcome.  

 

Study III 

In this nationwide cohort study with resuscitated OHCA patients, hyperoxaemia at ICU 

admission, compared with normoxaemia, was associated with worse 30-day survival. 
The association was stronger in connection with higher PaO2 levels.  

 

Study IV 

In this sub-study of the TTM2 trial, including resuscitated OHCA patients who had 

undergone TTM33OC, intravascular cooling, compared with surface cooling, was 
associated with better cooling performance and improved neurological outcome at six 

months.
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9 SAMMANFATTNING PÅ SVENSKA   

Årligen drabbas ca 6000 personer i Sverige av hjärtstopp utanför sjukhus (eng out-of-

hospital cardiac arrest, OHCA). Trots att överlevnaden ökat genom åren är prognosen 
fortfarande dålig, endast ca 10% överlever. Utöver att starta hjärtlungräddning och 

använda hjärtstartare så tidigt som möjligt har det varit svårt att hitta evidensbaserade 
behandlingar som ökar överlevnaden efter hjärtstopp. Syftet med denna avhandling var 

att studera olika behandlingsalternativ i vården efter hjärtstopp. 

Tre av studierna i denna avhandling har utforskat olika aspekter av kylbehandling 
(terapeutisk hypotermi), som ges på intensivvårdsavdelning (IVA) och som i flera 

decennium varit en vanlig behandling efter hjärtstopp. Hjärnskador är den vanligaste 
dödsorsaken efter hjärtstopp och huvudsyftet med kylbehandlingen är att försöka 

minska hjärnskadorna.  

Till en början kyldes alla patienter till 33°C men 2013 publicerades en internationell 
studie (TTM-studien) som inte kunde påvisa någon skillnad i patientöverlevnad då man 

jämförde 33°C mot 36°C. I denna avhandlings första studie undersökte vi vilka 

konsekvenser TTM-studien fick för OHCA patienter i Sverige. Vi fann att andelen 
patienter som fick hypotermibehandling efter hjärtstopp minskade de första åren efter 

publikationen (vilket stred mot de då aktuella riktlinjerna) men att detta inte ledde till 
någon signifikant skillnad i patientöverlevnad.  

I denna avhandlings andra studie, som är en subanalys till den internationella PRINCESS-

studien, undersökte vi hur det gick för OHCA patienter som fick tidig kylbehandling via 
näshålan (startat av ambulanspersonal inom 20 minuter från hjärtstoppet) jämfört med 

OHCA patienter där man startade kylbehandling på sjukhuset. Vi fann att bland patienter 
med ”defibrillerbar” första rytm (dvs en hjärtrytm som kan behandlas med hjärtstartare) 

var tidig kylbehandling via näshålan associerat med bättre neurologiskt patientutfall.  

I en annan studie, som är en subanalys till den internationella TTM2-studien, ville vi 
jämföra två olika kylmetoder: intravenös kylning kontra ytkylning (via kyldräkt). Nästan 

900 OHCA patienter som hade överlevt hjärtstoppet och som skulle kylas till 33°C 
ingick i vår studie. Vi fann att intravenös kylning presterade bättre (snabbare kylning och 

mindre temperaturvariation) och var associerat med bättre neurologiskt patientutfall.  

Syrgas är en hörnsten i hjärtstoppsbehandlingen och det är välkänt att syrebrist är 
skadligt. Vi har i en studie undersökt om för mycket syrgas (hyperoxemi) efter 

hjärtstopp kan vara skadligt. Genom att koppla ihop data från fyra olika svenska register 

för åren 2010-2021 har vi kunnat undersöka nästan 10000 hjärtstoppspatienter som 
återupplivats och vårdats på IVA. Vi fann att hyperoxemi efter hjärtstopp är kopplat till 

sämre överlevnad och detta var tydligast för patienterna med högst syrgashalt i blodet.  
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