
From the Department of Clinical Science and Education, Södersjukhuset, Karolinska Institutet. 

 

VARIOUS ASPECTS OF TREATMENT IN CARDIAC 
ARREST PRIOR TO HOSPITAL ARRIVAL 

 

Per Nordberg 

 

Stockholm 2014 



 

All previously published papers were reproduced with permission from the publisher. 
Published by Karolinska Institutet. 
Cover by Christer Roheden, Blooms Byrå 
Printed by åtta.45 Tryckeri AB 
© Per Nordberg, 2014 
ISBN 978-91-7549-535-4 

 



 

 

i 

VARIOUS ASPECTS OF TREATMENT IN CARDIAC 
ARREST PRIOR TO HOSPITAL ARRIVAL 
 
THESIS FOR DOCTORAL DEGREE (Ph.D.) 

By 

Per Nordberg 

Principal Supervisor: 
Leif Svensson, MD, PhD 
Karolinska Institutet 
Department of Clinical Science and 
Education, Södersjukhuset  
Division of Cardiology 
 
Co-supervisor(s): 
Jacob Hollenberg, MD, PhD 
Karolinska Institutet 
Department of Clinical Science and 
Education, Södersjukhuset 
Division of Cardiology 
 
Sune Forsberg, MD, PhD 
Karolinska Institutet 
Department of Clinical Science and 
Education, Södersjukhuset 
Division of Cardiology 
 

Opponent: 
Lars Wik, MD, PhD 
Oslo University hospital 
Norwegian Centre for Prehospital  
Emergency Care (NAKOS)  
 
 
Examination Board: 
Cecilia Linde, MD, PhD 
Karolinska Institutet 
Department of Medicine, Solna, K2 
Division of Cardiology 
 
Hans Persson, MD, PhD 
Karolinska Institutet 
Department of Clinical Sciences,  
Danderyd Hospital 
Division of Cardiology 
 
Tobias Cronberg, MD, PhD 
Lund University 
Department of Clinical Sciences 
Division of Neurology 





 

i 

ABSTRACT 
Background and aims: 

Out-of-hospital cardiac arrest (OHCA) is a major public health issue, affecting almost 300,000 victims per 
year in Europe, who have an overall survival rate of about 10 per cent. In general, the current Emergency 
Medical Services (EMS) do not have the capacity to act quickly and effectively enough in regard to this vast 
group of patients. The objectives of the current work were: to study the importance of bystander 
cardiopulmonary resuscitation (CPR) from a national perspective; to determine the safety, feasibility and 
efficacy of trans-nasal evaporative cooling initiated during CPR; to investigate the effects of dual dispatch of 
fire-fighters and EMS on short- and long-term survival; to explore regional differences in response times and 
survival rates in relation to dual dispatch of fire-fighters and EMS in cases of OHCA.  

Methods and results: 

Study I. Observational study of 34,125 patients. From 1992 to 2005, bystander CPR significantly increased, 
especially when performed by laypersons, in witnessed (40% to 55%, p<0.0001) and unwitnessed (22% to 
44%, p<0.0001) OHCA. Bystander CPR was associated with higher ventricular fibrillation (VF) rates 
(adjusted OR 1.73, 95% CI 1.62–1.86) and improved 30-day survival (adj. OR 2.20, 95% CI 1.68–2.90). 

Study II. Randomised trial concerning 200 cases of witnessed OHCA. Trans-nasal evaporative cooling was 
feasible in pre-hospital arrests. Eighteen device-related adverse events were reported, where one case of 
epistaxis was defined as serious. Time to target temperature of 34°C was shorter in the treatment group for 
both tympanic (102 vs. 282 minutes, p=0.03) and core (155 vs. 284 minutes, p=0.13) temperature. 

Study III. Intervention study (trained fire-fighters dispatched in cases of OHCA) using historical controls. 
When dispatched, fire-fighters were first on the scene and connected an automated external defibrillator 
(AED) in 41% of the cases. Thirty-day survival improved from 3.9% (control) to 7.6 % (intervention) 
(p=0.001, adjusted OR 2.8, 95% CI 1.6–4.9). Survival to 3 years increased from 2.4% to 6.5% respectively 
(p<0.001, adjusted OR 3.8, 95% CI 1.9–7.6). 

Study IV. Intervention study using historical controls, assessing the regional impact of Study III in areas 
with different population densities. Median response times shortened significantly in all subgroups, ranging 
from 0.8 (downtown) to 3.2 minutes (rural). The effect on 30-day survival rates varied depending on 
population density, with the lowest impact in rural areas 

Conclusions:  

Bystander CPR, especially when performed by laypersons, increased in Sweden between 1992 and 2005 and 
is associated with increased VF and survival rates. Intra-arrest trans-nasal cooling in cases of OHCA is safe 
and feasible and it shortened the time interval required to cool patients. Implementation of a dual dispatch 
system (fire-fighters and EMS) in cases of OHCA was associated with increased 30-day- and 3-year 
survival. Shortened response times were seen in sparsely as well as in highly populated regions. The lowest 
impact of a dual dispatch system on survival was seen in rural areas.  

Key words: out-of-hospital cardiac arrest, EMS, first responder, CPR, automated external defibrillators, 
hypothermia, intra-arrest cooling. 
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1 RATIONALE  

Despite some advances in recent years, survival rates of patients suffering out-of-hospital cardiac 

arrest (OHCA) are poor. Several knowledge gaps remain that need to be addressed by way of 

pre-hospital intervention studies.   

After the introduction of a dual dispatch system in the greater Stockholm area, using fire-fighters 

as first responders in cases of OHCA, a pilot study showed promising results (reduced response 

times and improved survival) in different subpopulations.1 Furthermore, when analysing the 

results of the pilot study, several new issues were raised. In the current work some of these issues 

were addressed, including how the benefits of dual dispatch in cases of OHCA would remain 

over time; what effect would in-hospital factors have on survival rates during the years of the 

intervention; and, where does intervention with dual dispatch have the most effect from a 

regional perspective? 

In addition to the above, this work covers the largest randomised controlled trial concerning the 

effects of intra-arrest cooling in cases of OHCA, where hypothermia treatment is induced during 

cardiopulmonary resuscitation. A new method for induction of hypothermia, trans-nasal 

evaporative cooling via the nasal cavity, which may be applied during resuscitation, was studied 

as regards safety, feasibility and cooling efficacy.  

 



 

2 PER NORDBERG 
 

2 INTRODUCTION  

 “Cardiac arrest is the cessation of cardiac mechanical activity as confirmed by the absence of 

signs of circulation.”  

(Jacobs et al, Updated Utstein definition2) 

 

2.1 HISTORICAL GLANCE 

Closed chest massage similar to the standardised chest compression used today was described 

as early as 1904 in anecdotal case reports. In 1958 colleagues Kouwenhoven, Knickerbocker 

and Jude made a pioneering discovery. While performing defibrillation studies on dogs, they 

accidentally discovered that a femoral artery pulse could be achieved by forcefully applying 

the defibrillation paddles to the chest. Subsequently, they moved further in their experimental 

setting and assessed where to press on the chest, how rapidly and to what depth to obtain a 

maximal haemodynamic effect. Shortly thereafter Jude applied this technique of closed-chest 

cardiac massage when treating a patient with cardiac arrest following anaesthesia, which 

resulted in successful outcome and complete recovery. In 1960, in a landmark study, the three 

investigators reported findings (in the Journal of the American Medical Association) 

concerning 20 cases of in-hospital cardiac arrest, where 14 patients survived.3  

In parallel, Peter Safar developed a technique for airway management by tilting the back of the 

head and thereafter applying mouth-to-mouth breathing.4 The formal connection of chest 

compression with mouth-to-mouth ventilation to create cardiopulmonary resuscitation (CPR) 

occurred when Safar, Jude, and Kouwenhoven presented their findings at the annual Maryland 

Medical Society meeting on September 16, 1960 in Ocean City.5 Somewhat earlier, a landmark 

study was published in 1956 by Zoll, who described 4 cases in which ventricular fibrillation 

(VF) was terminated 11 times by externally applied electric countershocks.6 In 1962 the use of 

direct-current monophasic waveform defibrillation was described,7 and in 1966 the American 

Heart Association developed their first CPR guidelines. 
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2.2 EPIDEMIOLOGY  

Out-of-hospital cardiac arrest (OHCA) is a major public health concern,8 accountable for more 

than 60% of deaths from coronary heart disease.9 The incidence of OHCA and its outcome vary 

substantially between countries and also within different regions in a nation.10-13 In Europe, the 

incidence of OHCA (any rhythm) where the emergency medical services (EMS) have initiated 

resuscitation attempts is estimated to be 38 per 100,000 person-years, ranging from 17 to 53 per 

100,000 depending on the setting. This translates into almost 300,000 victims annually in 

Europe.14 In 2006 the corresponding incidence of EMS-treated OHCA in the US was estimated 

to be 55 per 100,000 person-years.15 Recently, the number of persons affected by OHCA in the 

US was estimated to be around 382,000 annually.16  

The incidence of OHCA with ventricular fibrillation (VF) as first rhythm has been estimated to 

be 17 per 100,000 person-years in Europe and 21 per 100,000 person-years in the US.14, 15 In 

Sweden the incidence of EMS-treated OHCA varies between counties, ranging from 37 to 67 per 

100,000 person-years.17 In Stockholm County the incidence reported in the register is 46 per 

100,000 person-years. 

 

2.2.1 Survival rates 

In two epidemiological studies the overall outcome in cases of EMS-treated OHCA of any 

rhythm, measured as OHCA to hospital discharge, has been estimated to be 10.7% in Europe and 

8.4% in the US.14, 15 Survival rates in EMS-treated OHCA with VF as first rhythm were 

approximated to 21.2% and 22.0% respectively. In Sweden, recent data from the Swedish 

Cardiac Arrest Register (SCAR) show 30-day survival rates of 10.4% (all rhythms) and 31% for 

patients with VF as first rhythm.17  

 

2.2.2 Populations at risk 

Some patient categories are identified as populations at risk of cardiac arrest (e.g. those with 

ischaemic heart disease, dilated or hypertrophic cardiomyopathy, severe heart failure, previous 

cardiac arrest and arrhythmia risk markers).18 In these identified populations the incidence of VF 

is many times greater than in the general population, which make them suitable for preventive 

measures with an implantable cardiac defibrillator. However, the vast majority of cases of cardiac 
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arrest occur in the general population without any known cardiac disease, which makes them 

difficult to predict and prevent.18 In approximately 50% of patients with ischaemic heart 

disease, OHCA is the first recognized cardiac event.19 Within hospitals various systems have 

been developed to recognize patients at risk of cardiac arrest and, subsequently, take preventive 

measures.20, 21 In OHCA some genetically predisposed individuals may be identified by their 

family histories or by genetic tests. However, to find tools to identify the main populations at risk 

of OHCA remains a challenge.  

 

2.3 PROGNOSTIC FACTORS IN CARDIAC ARREST  

Although several of the presented predictors for survival are interdependent many of them still 

reflect the association between the time to effective treatment (CPR and defibrillation) and 

survival. The importance of time to treatment will be discussed in the next section.  

 

2.3.1 Causes of cardiac arrest 

In 1991 a consensus of opinion concerning uniform reporting in cases of cardiac arrest was 

achieved. This is referred to as the Utstein template, which was designed to facilitate comparison 

of results from different cardiac arrest studies.22 A cardiac aetiology, mainly due to coronary 

artery disease,9, 23 is the most common cause of OHCA and is associated with a better prognosis 

compared with OHCA due to non-cardiac causes.24, 25 However, the cause of OHCA is usually 

presumed by the EMS crew or the emergency physician, often with limited information on the 

patients and the circumstances of the arrest. This may affect the accuracy of reporting. The 

Utstein definition states that an arrest is presumed to be of cardiac aetiology unless it is known 

or likely to have been caused by trauma, submersion, drug overdose, asphyxia, exsanguination, 

or any other non-cardiac cause as best determined by rescuers.2 When comparing the 

assumptions of emergency physicians with retrospective analyses of clinical records and 

autopsy reports, Kürkciyan et al. demonstrated that cardiac origin is most common (69% of 

cases). These assumptions of cardiac aetiology showed a sensitivity of 95% and a specificity of 

77%.26 Pulmonary embolism, a ruptured aortic aneurysm, and intracerebral haemorrhage were 

frequent in patients where the assumptions of cardiac origin were incorrect. Similar findings 

have been reported by others.24, 27 The various causes of OHCA are presented in Table 1.  
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Table 1. Causes of OHCA divided into cardiac and non-cardiac origin.  

 
Adapted from Hollenberg et al., 201328 

 

2.3.2 Location of cardiac arrest 

The specific location where a cardiac arrest occurred or the patient was found is most often 

divided into place of residence, public place, or other.2 Most investigators report that around 

two thirds of cases of OHCA occur at the patient’s home.29, 30 In one observational study, OHCA 

outside home was associated with a threefold greater chance of survival compared with when the 

collapse occurred at home.30 This may depend on several factors such as advanced age, 

comorbidity, more often unwitnessed arrest and lower frequency of bystander CPR compared 

with OHCA that occurred in a public place.30 On the other hand, OHCAs occurring in a public 

place are independently associated with improved survival 31 and are associated with a greater 

incidence of VF compared with OHCAs occurring at home.29 In addition, OHCAs occurring in 
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public locations such as airports, sport facilities and malls increasingly are subjects of public 

access defibrillation (PAD), which has been shown to improve survival rates in these particular 

settings.32, 33 

 

2.3.3 Witnessed cardiac arrests 

A witnessed CA is defined as a CA seen or heard by another person or an arrest where the 

heart rhythm is monitored. Witnessed collapse, in contrast to unwitnessed collapse, has been 

shown to be an independent predictor of an increased chance of survival in OHCA.34, 35 

Witnessed OHCA is seen in about two-thirds of cases and is associated with a greater 

proportion of patients receiving bystander CPR and a higher VF incidence compared with 

unwitnessed OHCA.35 A witnessed OHCA is associated with two- to threefold better survival 

than an unwitnessed arrest.1, 34, 36 In many studies cases of unwitnessed OHCA are not included 

because of the extremely low chance of survival of these patients. 

 

2.3.4 Age 

Advanced age is associated with worse outcome in cases of OHCA.37 The characteristics vary 

somewhat within different age groups and greater age is associated with a lower rate of 

bystander CPR, less VF as first rhythm and fewer cases with cardiac aetiology.37 However, VF 

as first rhythm compared with other initial rhythms is associated with increased survival 

despite age.  

 

2.3.5 First rhythm 

“First rhythm” refers to the first rhythm recorded by a monitor or when a defibrillator is 

attached to a patient after cardiac arrest.2 It may be defined as either shockable (i.e. ventricular 

fibrillation (VF) or pulseless ventricular tachycardia (VT)) or non-shockable (pulseless 

electrical activity (PEA) or asystole).  

These initial rhythms indicate different pathophysiological mechanisms. VF may occur as a direct 

effect of an acute ischemic episode or as a consequence of a previous ischemic event such as 

myocardial infarction. The ischemic zones trigger re-entry circuits, which may induce an electric 
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chaos that make the myocardium to contract in an unsynchronised way (i.e. fibrillate).38 Asystole 

is associated with the cessation of electric activity in the myocardium. It is associated with 

prolonged cardiac arrest and thus poor prognosis. It may be subsequent to VF or due to non-

cardiac causes of the CA. In PEA the contractility of the heart is lost but with maintained electric 

activity. It is associated with non-cardiac causes of CA such as hypovolemia and pulmonary 

embolism. 

In several studies VF or VT as first monitored rhythm has been demonstrated to be the 

strongest independent predictor of survival in OHCA.34, 39-41 The proportion of cases of VF/VT 

as first rhythm has been assessed in several studies to be about 25–50%, but it has declined 

over the last few years.15, 42, 43 There is a strong relationship between first rhythm and the time 

interval from collapse until the rhythm is recorded by the EMS. Thus, when the rhythm is 

assessed very soon after the arrest the rate of VF may be substantially higher, as fewer patients 

have deteriorated to asystole.39 In studies assessing public access defibrillation in OHCA 

before arrival of the EMS, the VF rate has been reported to be as high as 50 to 65%. 33, 44, 45 

 

2.3.6 Gender 

About a third of cases of OHCA are in women.46, 47 The characteristics differ somewhat from 

those in men, as women are affected at a greater age. In women, OHCA more often occurs at 

home; they receive a lower rate of bystander CPR and show a lower VF rate compared with 

men. In some studies, when adjusting for the differences in characteristics between men and 

women, female sex has been associated with improved survival.46-48  

 

2.4 TREATMENT STRATEGIES IN CARDIAC ARREST 

The principles of treatment in OHCA follow the different links in the chain-of-survival concept, 

where emphasis is placed on minimizing the time to treatment (see Figure 2).49 The five links of 

the chain-of-survival are: Early access; Early CPR; Early Defibrillation; Early Advanced Life 

Support (ALS); and Early Post-Resuscitation Care.  
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Figure 2. Chain-of-Survival. 

 

2.4.1 Early Access 

The first link in the chain emphasizes the importance of early recognition and recruitment of 

resources to the scene of the arrest by way of an emergency call. At the other end of the line it is 

important for the dispatcher receiving the emergency call to rapidly identify the condition, to 

locate the place of the event and to minimize the time delay at the emergency dispatch centre.50, 51 

When the condition is identified promptly by the dispatcher, this is associated with significantly 

shorter response time intervals and increased survival rates.52 Strategies have been developed to 

improve the dispatchers’ skills, which have reduced the time for identification and dispatching.53 

The role of the dispatcher also includes guidance in telephone-CPR to untrained bystanders.54  

 

2.4.2 Early cardiopulmonary resuscitation 

The second link refers to the importance of early bystander CPR. Current guidelines recommend 

a chest compression:ventilation ratio of 30:2 with a compression rate of 100 per minute at a depth 

of at least 5 cm in adults.55 The chest should be allowed to expand before initiating the next 

compression. High-quality chest compression may result in cerebral and coronary perfusion of 

about 30% of normal blood flow.56 Continuous CPR builds up diastolic pressure, which is 

necessary to increase coronary perfusion pressure and it has been suggested that a coronary 

perfusion pressure over 15 mmHg is needed to achieve return of spontaneous circulation (ROSC) 

in cases of OHCA.57  
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Cardiopulmonary resuscitation may also extend the time of VF before deterioration to asystole, 

thus working as a bridge to defibrillation.58 In addition, VF amplitude when CPR is performed 

has been shown to be associated with the likelihood of success in defibrillation.59  

Bystander CPR is an independent predictor of survival in cases of OHCA and immediate CPR 

may substantially improve survival rates in OHCA with VF as first rhythm.60-62 However, the 

role of ventilation has been debated and in observational studies compression-only CPR has been 

associated with an outcome comparable with that in standard CPR.63, 64 Recently, in two 

randomised trials in which telephone-assisted CPR carried out by untrained laypersons was 

assessed, it was shown that the effect of compression-only CPR was similar to that of standard 

CPR.65, 66 Guidelines from the American Heart Association recommend that laypersons with no 

CPR training should perform compression-only CPR until EMS providers or other responders 

take over care of the victim.67  

The clinical effect of mechanical devices for CPR has been debated. Although haemodynamics 

may be improved in experimental models,68, 69 so far no outcome benefit has been demonstrated 

in randomised clinical trials.70 One previous randomised clinical trial was disrupted because the 

use of an automated CPR device was associated with worse neurological outcome at discharge 

compared with standard manual CPR.71 Mechanical CPR may be advantageous in prolonged 

resuscitation such as in cases with accidental hypothermia, intoxication, thrombolysis in 

pulmonary embolism, or during patient transport.  

 

2.4.3 Early defibrillation 

The third link is early defibrillation, a therapy that is limited to OHCAs with VF/VT as first 

rhythm and to those cases that convert to VF/VT from an initial non-shockable rhythm during 

resuscitation. A first rhythm of VF is one of the strongest independent predictors of survival in 

OHCA.34 When defibrillation can be performed in patients with VF within minutes after collapse, 

the survival rate may well be over 50%. In one study, when security officers defibrillated VF 

arrests within 3 minutes of collapse, the survival rate was 74%.72 The association between time 

interval and survival in this group of patients cannot be underrated. Predictive models for 

survival in witnessed OHCA with VF as first rhythm have shown that the probability of survival 

to hospital discharge decreases by about 10% per minute without CPR or defibrillation.60  
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2.4.3.1 First responders and public access defibrillation 

First responders are persons who are certified to provide medical care in emergencies before 

more highly trained medical personnel arrive on the scene. In cases of OHCA, fire-fighters, 

police and security officers trained in CPR and automated external defibrillator (AED) use have 

been used as first responders. In several trials the use of first responders has resulted in success in 

shortening response times when they are dispatched in cases of suspected OHCA. 45, 73-76 In some 

studies, these interventions have been associated with increased survival rates in patients 

presenting with VF or VT.1, 73 Few studies, however, have shown an impact of such intervention 

in cases of cardiac arrest with any first rhythm.77  

Public access defibrillation is a strategy to enable defibrillation with the minimum delay, 

before the arrival of the EMS. Public access defibrillation programmes have been shown to 

improve survival rates in subgroups of patients with VF as first rhythm in different settings, 

often in limited geographical areas or situations.33, 78, 79 Recently, a Japanese study showed a 

more than twofold increase in survival with good neurological outcome in patients with 

ventricular fibrillation as first rhythm who had been defibrillated with a public AED by 

laypersons.32  

 

2.4.4 Early advanced life support 

The fourth link is early ALS, meaning advanced airway management and use of intravenous 

drugs. Despite the recommendation in current guidelines, the use of adrenaline in cases of OHCA 

is under debate. It has repeatedly been associated with increased return of spontaneous circulation 

(ROSC) rates, but without improvements in overall survival rates.80-82 In a randomised trial, 

Olasvengeen and colleagues tested the use of any intravenous drug versus no intravenous drugs 

and came up with similar findings.83 Amiodarone is recommended in refractory VF and in a 

randomised trial (compared with placebo) significantly increased survival to hospital 

admission,84 and when compared with lidocaine, increased survival to discharge.85  

The use of advanced airway management in OHCA is controversial. Although probably needed 

in some cases, advanced airway techniques (i.e. endotracheal intubation or use of a supraglottic 

device) have in large observational studies been associated with worsened neurological outcome 

and decreased survival compared with bag-mask ventilation.86, 87 On-going studies will add 

valuable information to this issue. 



 

VARIOUS ASPECTS OF TREATMENT IN CARDIAC ARREST 11 
 

In one landmark US multicentre study the addition of ALS to a previously optimized EMS 

system with rapid defibrillation did not improve the rate of survival after out-of-hospital 

cardiac arrest.80 In summary, intravenous drug administration and advanced airway management 

are included in ALS intervention, but are not prioritised compared with early defibrillation and 

uninterrupted CPR.  

 

2.4.5 Early post-resuscitation care 

The fifth link includes the in-hospital management of resuscitated patients (i.e. post-resuscitation 

care). Recently, a statement document from the ERC and the AHA defines the condition as post-

cardiac arrest syndrome.88 Although the treatment with therapeutic hypothermia has received 

most attention in recent years, a more comprehensive approached with combined interventions 

has been emphasised to improve the in-hospital management of these patients.89  

 

2.4.5.1 Therapeutic hypothermia 

Cooling of the human body decreases the cerebral metabolic rate for oxygen by about 6% per 

1°C reduction in body core temperature.90 In cardiac surgery deep hypothermia is routinely used 

for cerebral protection.90, 91 Both experimental and clinical data indicate that mild hypothermia is 

neuroprotective after a period of global cerebral hypoxia-ischemia.92, 93  

In two randomised trials with 273 and 77 unconscious patients resuscitated from a witnessed VF 

arrest, therapeutic hypothermia improved neurological function among survivors. In these studies 

patients were cooled to 33 °C for 12 to 24 hours and actively94 or passively95 re-warmed to 

normal body temperature. The primary outcome measure was survival with good neurological 

outcome. The cerebral performance category (CPC) was assessed, where CPC 1 and CPC 2 are 

considered as good neurological outcome and CPC 3 to 5 as bad (Table 2). These studies 

represent the scientific basis for international recommendations concerning therapeutic 

hypothermia, which is an established method at intensive care units for this subgroup of patients 

(i.e. witnessed OHCA with VF/VT as first rhythm). Recently, Nielsen et al., in a randomised trial 

including 950 patients, compared the temperatures of 33 °C and 36 °C for 24 hours in post-

cardiac arrest patients independently of the first rhythm (excluded were unwitnessed arrests with 

asystole as first rhythm). No differences in survival or neurological outcome were found.96 The 
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clinical implications of this study have not yet been seen.  

While clinical data is mainly derived from hospital cooling, started hours after collapse (eg. 

Nielsen et al, HACA, Bernard et al.),94-96 most of the experimental data support the initiation of 

cooling very early, either during CPR (i.e. intra-arrest)97 or after restoration of circulation (i.e. 

post-ROSC).98 Despite the lack of conclusive clinical data, guidelines recommend starting 

cooling as early as possible. Two randomised trials concerning post-ROSC cooling with cold 

fluids compared with hospital systemic cooling showed no differences in survival rates or 

neurological function.99, 100 In one study the use of large amounts of cold intravenous fluids was 

associated with severe haemodynamic side-effects, including a significantly increased number of 

cases of re-arrest.100 Intra-arrest cooling in cases of OHCA has been tested in safety and 

feasibility trials with cold fluids.101, 102 In animal studies, trans-nasal evaporative cooling has been 

shown to cool the brain primarily and thereafter the whole body. The method is described in 

detail below (Methods).  

Table 2. Cerebral performance categories.103 
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2.4.5.2 Coronary angiography/revascularization  

Although supported by a low level of evidence, current guidelines recommend immediate 

coronary angiography in resuscitated OHCA patients with (electrocardiographic) ST-segment 

elevation myocardial infarction (STEMI).55 However, as ECG findings in OHCA patients are 

poor predictors of coronary occlusion,104 it is recommended that immediate coronary 

angiography should be considered in all post-cardiac arrest patients with suspected coronary 

artery disease.55 Several observational studies have demonstrated as association between 

immediate angiography and increased survival.105, 106 However, at present there is no data from 

randomised clinical trials.  

 

2.4.5.3 Other post-cardiac arrest parameters 

Some in-hospital factors have been associated with poor outcome, such as fever, high blood 

glucose levels, elevated serum potassium, acidosis, seizures, advanced age and long delay to 

ROSC.107, 108 Although there is a lack of good evidence to support intensive care measures, 

there are some studies where structured programmes89 or forms of combined intervention109 

have been implemented to improve the intensive care of post-cardiac arrest patients, which 

have been shown to improve survival compared with historical controls. The recommendations 

made by the European Resuscitation Council (ERC) concerning certain parameters are 

presented in Table 3.55   
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Table 3. In-hospital factors/interventions that are recommended in ERC guidelines 2010.55 
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3 AIMS 

The overall aim of the present work was to explore ways towards improved management of 

victims of OHCA. The studies embrace several aspects of treatment of cardiac-arrest patients 

such as the importance of bystander CPR, early defibrillation and early hypothermia. The 

emphasis was to assess the clinical effect of interventions carried out to improve CPR and early 

defibrillation by using non-health personnel as first responders in cardiac arrests in the context of 

pre-hospital care.  

 

3.1 SPECIFIC AIMS 

To describe changes in the proportion of bystanders performing cardiopulmonary resuscitation 

in cases of OHCA in Sweden, and to study the impact of bystander CPR on ventricular 

fibrillation and on survival over various time periods.  

To determine the safety, feasibility and cooling efficacy of pre-hospital trans-nasal evaporative 

cooling in humans, and to explore the effects on neurologically intact survival to hospital 

discharge. 

To determine the impact of a dual dispatch system (using fire-fighters as first responders) on 

short- and long-term survival in cases of OHCA, and to investigate potential differences 

regarding in-hospital factors and forms of intervention between patient groups.  

To determine the effects on response times and 30-day survival in relation to population density 

after the implementation of a dual dispatch system in cases of OHCA. 
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4 METHODS 

4.1 ETHICS 

The Regional Ethics Committee approved all studies in this work. Ethical considerations for 

treating subjects without their express consent were in accordance with the Helsinki 

Declaration of 1964, revised in 2008. In Study II, informed consent was obtained from all 

patients, or, in cases where the patient died, the next of kin or a legal representative.  

 

4.2 PATIENTS 

As presented in Table 4, the patients in the four studies were: OHCA patients in Sweden, 1992–

2005 (Study I); witnessed OHCA patients from 15 European study sites, November 2008–June 

2009 (Study II); OHCA patients in Stockholm, 2004–2009 (Studies III & IV).  

Table 4. Characteristics of each study population. 

 
*DNAR = do not attempt resuscitation 
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4.3 THE SWEDISH CARDIAC ARREST REGISTER 

All data for Study I and most of the data for Studies III and IV were collected from The Swedish 

Cardiac Arrest Register. It is a national register funded by the Swedish National Board of Health 

and Welfare. The register started in 1990 and is at present run by the Swedish Resuscitation 

Council. The register depends on voluntary participation by the EMS districts in Sweden and 

coverage has increased gradually from a few EMS districts in 1990 to include all districts in 

2009. The EMS crews report according to the Utstein model. For each case the EMS crew 

complete a digital form with data on the arrest based on clinical findings and bystander 

information, such as: demographic information; estimated time of arrest; presumed aetiology 

divided into different categories (see Table 1); whether the OHCA was witnessed or not; type 

of resuscitation procedure and interventions; information on whether CPR was performed and 

which type of bystander was performing CPR (i.e. layperson, ambulance crew, police, 

healthcare providers or others). The first recorded rhythm is defined as VF, PEA or asystole. 

When AEDs have been used, the rhythms are defined as shockable (i.e. VF/VT) or non-

shockable. Data on 30-day survival is completed by the rapporteur from each EMS district 

who monitors the outcome of the patients by merging data with the National Register of 

Deaths.    

 

4.4 OBSERVATIONAL STUDY (STUDY I) 

Study I was an observational study based on OHCA patients included in the Swedish Cardiac 

Arrest Register. The study period was from the 1st of January 1992 to the 31st of December 

2005. Temporal trends of patient and baseline characteristics were assessed, as were comparisons 

between patients in the early period of the study (i.e. 1992–1995) versus the late period (i.e. 

2002–2005). 

 

4.5 RANDOMISED CLINICAL TRIAL (STUDY II) 

Study II was designed as a prospective randomised trial conducted by EMS in 15 sites in five 

European countries between November 2008 and June 2009. 

The randomization procedure was as follows: EMS personnel screened patients and the 

randomisation envelope was opened if the patient appeared to be eligible. The patient was 
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assigned to either intra-arrest trans-nasal evaporative cooling or to no pre-hospital cooling. 

Trans-nasal cooling was intended to continue until systemic cooling was started in the hospital. 

Patients in both groups were cooled in the hospital according to institutional standards. The 

EMS crew completed the case report forms as regards pre-hospital data for each case. In 

general, the attending physician at the intensive care unit collected in-hospital data, including 

outcome data on survival to discharge. Neurological assessment at discharge was intended to 

be performed by physicians blinded to the treatment given. 

 

4.5.1 Method of trans-nasal evaporative cooling 

Trans-nasal evaporative cooling is a method used for early, non-invasive induction of 

hypothermia. The method was developed primarily to cool the brain and in animal studies has 

been shown to create a temperature gradient in which the brain is cooled faster than the rest of 

the body.110, 111 In addition, in animal studies the method has also been associated with 

improved ROSC rate,112 improved coronary perfusion pressure during resuscitation,113 and 

improved outcome in terms of survival and neurological function.110 In clinical trials it has 

been proven to be safe to use in-hospital, in cardiac-arrest patients with ROSC, when cooling 

was started at the emergency department.114 In this study of post-ROSC cooling the 

temperature decreased by 2.3 °C per hour. 

 The device used for trans-nasal evaporative cooling (RhinoChill) consists of a backpack that 

weighs 12 kg containing a disposable nasal catheter, a control unit, a 2-litre bottle of coolant, 

and an oxygen tank. First, the nasal catheters are inserted through the nostrils. Second, a 

mixture of oxygen (or air) and an inert liquid coolant (perfluorohexane), via the nasal catheter, 

are sprayed into the upper surface of the nasal cavity. There the coolant evaporates and absorbs 

heat from the tissues, thereby cooling them and the innate vasculature that supplies blood to 

the brain.  

The tubing set is connected to a battery-operated control unit that allows the cooling rate to be 

controlled by adjusting the oxygen/air flow rate. The device is automatically switched off if the 

pressure in the nasal cavity exceeds 60 cm H2O. This system delivers trans-nasal evaporative 

cooling for 22.5 minutes at an oxygen/air flow rate of 40 L/min. Additional oxygen tanks or a 

connection to an ambulance or hospital oxygen supply are required for longer use. The 2-L 

bottle contains enough coolant for 1 hour of cooling. The equipment is easy to handle and the 
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device can most often be applied to the patient and be ready to use within one minute. 

 

4.6 INTERVENTION WITH HISTORICAL CONTROLS (STUDIES III, IV) 

Studies III and IV were performed in Stockholm County between the 1st of January 2004 to the 

31st of December 2009. On Dec. the 31st 2009 Stockholm County had a population of 2,019,182 

inhabitants, of which 50.6% were female and 14.7% persons over 65 years of age.115  

Study III is the main study of the SALSA project (Saving Lives in Stockholm Area). It was 

designed as a prospective, interventional trial with historical controls, conducted by the EMS and 

the Fire Department in Stockholm County.  

Study IV had the same study population as in Study III and it was designed to assess the regional 

effects of the intervention. However, in Study IV, cases where the exact geographical coordinates 

for the arrest could not be found were excluded (3% of all cases). The patients were divided into 

four subgroups depending on the population density of the place of arrest. Cut-off values for 

population densities were decided after reviewing previous studies,116 combined with context-

specific factors. The groups were classified as: 1. Rural (<250/km2), 2. Suburban (250–

2999/km2), 3. Urban (3000–5999/km2) and 4. Downtown (≥6000/km2). 

 

4.6.1 Emergency Medical Services in Stockholm. 

The EMS system in Stockholm is two-tiered in emergencies such as OHCA, with an advanced 

life-support level as the second tier (e.g. nurses specialized in anaesthesia, or an 

anaesthesiologist). During the study period of 2004–2009 the number of ambulances was the 

same. In 2004 there were four ALS vehicles manned by nurses specialized in anaesthesia. In 

2007, this was changed to two ALS vehicles manned by specialised nurses and one ALS vehicle 

manned by anaesthesiologists. 

 

4.6.2 Dual dispatch of first responders 

During 2005, all 43 fire stations in Stockholm County were gradually equipped with AEDs as 

part of the SALSA project, with the main objective of shortening response times and thereby 

increasing survival in cases of OHCA. All fire-fighters underwent an 8-hour course in CPR and 
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use of an AED according to ERC guidelines.55 For all fire-fighters, the training programme was 

repeated once a year during the study period. 

Dual dispatch of EMS and fire-fighters occurred in cases where the dispatcher suspected an 

OHCA. Subsequently, the dispatcher alerted the nearest available EMS and thereafter deployed 

the closest available fire department by using a computer-mediated alarm code.  

In cases of OHCA where the fire brigade arrived first, the fire-fighters were responsible for 

performing the medical assessment. If the patient was unresponsive and pulseless, CPR was 

started and the AED was attached to the patient. Ventilation by fire-fighters was performed with 

a mouth-to-mouth resuscitation mask. When the EMS crew arrived, they took over responsibility 

for the treatment.  

 

4.6.3 Data collection  

In addition to the data from the Swedish Cardiac Arrest Register in Study III, several other data 

sources were used to collect additional information. Event times, such as when a call was made 

to a dispatch centre, dispatch and arrival of first responders and additional dispatch information 

were collected from the emergency dispatch centre. Data on co-morbidity was derived from 

registries within the National Board of Health and Welfare. Data on in-hospital measures such 

as therapeutic hypothermia, cardiac interventions such as angiography and percutaneous 

coronary intervention were collected from medical records, the Swedish Register of Intensive 

Care, and Swedeheart.117, 118 

The geographical data of the OHCAs in Study IV was collected by means of a geographic 

information system (GIS), which is a computer-based method to integrate and analyse 

geographical data. A parish is the smallest administrative level for which they have shapefiles in 

Sweden. In Study IV, the digital spatial data (x and y coordinates of the OHCA) obtained from 

the emergency dispatch centre was used to locate the parish in which each OHCA had occurred. 

Subsequently, the cardiac arrest data was merged with the spatial data so as to be able to 

perform analyses.  
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4.7 STATISTICAL METHODS 

A summary of the statistical methods used is presented in Table 5. For details, see the sections on 

statistical analysis in the separate studies.  

Table 5. Statistical methods used in Studies I to IV. 
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5 RESULTS 
 

5.1 BYSTANDER CPR IN SWEDEN – STUDY I 

In total, 34,125 patients were included in the analysis. There were no differences in patient 

baseline characteristics between the different ambulance organisations in regard to age, sex, 

proportion of patients who received bystander CPR and place of cardiac arrest. 

 

5.1.1 Main results  

There was a significant increase in the proportion of patients who received bystander CPR 

among witnessed as well as non-witnessed cases (Figure 3). There was a significant increase in 

bystander CPR performed by laypersons (21% in 1992 vs. 40% in 2005; p < 0.0001) but no 

change as regards healthcare providers, ambulance personnel or police (Figure 4). 

Bystander CPR was associated with an increased number of patients found in shockable rhythm, 

compared with no bystander CPR (odds ratio (OR) 1.73; 95% confidence interval (CI) 1.62–1.86; 

n=14,294). Bystander CPR was associated with increased survival both in the early study period, 

1992–95 (OR 2.11; 95% CI 1.64–2.72) and later, 2002–2005 (OR 2.20; 95% CI 1.68–2.90).  

Figure 3. Change in bystander CPR rates in witnessed and non-witnessed cases  
during the study period (1992–2005). 
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Figure 4. Change in bystander CPR among various types of bystanders. 

 

 

 

 

 

 

 

 

 

5.2 INTRA-ARREST COOLING – STUDY II 

The study period for this randomised safety and feasibility trial was November 2008 to June 

2009. Out of 200 enrolments, six patients (three from the treatment group and three control 

subjects) had missing outcome data. One hundred and ninety-four patients, therefore, were 

included in the intention-to-treat analysis (93 intervention cases vs. 101 controls). The patient 

groups showed similar demographics, initial rhythms, bystander CPR rates, and intervals to 

CPR and arrival of ALS personnel.  

 

5.2.1 Main results 

5.2.1.1 Safety 

Eighteen device-related adverse events were recorded in the intervention group (one case of 

periorbital emphysema, three of epistaxis, one of perioral bleeding and 13 cases of nasal 

discoloration; see Table 6). The nasal discoloration resolved spontaneously in all five 

resuscitated patients. One case of epistaxis was defined as serious (in a patient with an 

underlying coagulopathy). This was the only device-related serious adverse event. The total 

numbers of serious adverse events not related to the cooling device that occurred within seven 

days were seven in the treatment group and 14 in the control group. 
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Table 6. Adverse events in Study II. 

 
*One serious device-related case of epistaxis in a patient with coagulopathy. 

 

5.2.1.2 Cooling efficacy 

The median time to the start of intra-arrest cooling in the treatment group was 23 minutes. On 

arrival at the hospital, the mean tympanic temperature was significantly lower in the treatment 

group (34.2 °C versus 35.5 °C, p=0.001). The median time from the arrest to target 

temperature (tympanic; < 34 °C) was 102 minutes in the treatment group compared with 291 

minutes in control patients (p=0.03; Figure 5). The median time to target temperature (core; 

<34 °C) in the treatment group was 155 minutes versus 284 minutes in the controls (p=0.13). 

Figure 5. Time to target temperature (core) of <34°C  

 



 

VARIOUS ASPECTS OF TREATMENT IN CARDIAC ARREST 25 
 

5.2.1.3 Outcome 

Outcome data on survival to hospital discharge, and survival to discharge with good neurological 

function, defined as CPC 1–2, concerning the entire group, those who received rescuer CPR 

within 10 minutes, and those with a presenting rhythm of VF are presented in Table 7.  

Table 7. Survival to discharge and neurologically intact survival to discharge (CPC 1-2) 

.  

 

5.3 DUAL DISPATCH OF FIRST RESPONDERS IN OHCA – STUDY III 

The period for Study III was the 1st of January 2004 to the 31st of December 2009. In total, 2,581 

OHCA patients were included, of which 620 were in the historical control group (2004), and 

1,961 were in the intervention group (2006-2009). Baseline characteristics were similar except 

for the proportion of cases of witnessed OHCA, which was significantly greater in the control 

group than in the intervention group. 

 

5.3.1 Main results 

5.3.1.1 EMS and first responders 

When dispatched, fire-fighters were first on the scene and connected an AED in 41% of the 

cases. Even if not first on the scene, they assisted the EMS and performed CPR in 90% of all 

patients. 
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The median time interval to treatment (i.e. dispatch to arrival of EMS or fire-fighters) was 

significantly shorter in the intervention group than in the control group (6.7 minutes vs. 7.7 

minutes, p<0.001). 

In the intervention group, the proportion of patients with VF/VT was significantly greater than in 

the control group (25% vs. 20%, p=0.02). 

 

5.3.1.2 Short- and long-term outcome 

Thirty-day survival improved from 3.9% in the control group to 7.6% in the intervention group 

(adjusted OR 2.8, 95% CI 1.6–4.9, p=0.001). Survival to 3 years increased from 2.4% to 6.5% 

respectively (adjusted OR 3.8, 95% CI 1.9–7.6, p<0.001). As shown in Figure 6, among 

witnessed cases the rates of ROSC, admission alive, 30-day survival and 3-year survival were 

significantly greater in the intervention group than in the controls.  

Figure 6. Outcome data for witnessed OHCA. All differences between groups were highly 

significant (p<0.01) 
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5.3.1.3 In-hospital factors 

For the subgroup of VF/VT patients, the proportions of patients treated by means of therapeutic 

hypothermia were similar in the two groups (62% vs. 71%, p=0.35).  

Among patients with ST-elevation myocardial infarction (STEMI) there was a significant 

difference between the control group and the intervention group in the proportion of patients who 

underwent immediate catheterization (39% vs. 69% respectively, p=0.03). However, no 

difference between groups was found in STEMI patients who underwent immediate reperfusion 

measures (i.e. acute catheterization or thrombolysis) (69% vs. 72%, p=0.82). There was a 

significant difference between the control and the intervention group in patients where 

angiography was performed during their hospital stay (13% vs. 27% respectively, p=0.001).  

 

5.4 REGIONAL DIFFERENCES IN CASES OF OHCA - STUDY IV 

The study period was the same as for Study III (2004–2009). A total of 2513 cases of OHCA 

were included where the exact geographic location of the arrest could be determined, 571 in the 

historical control group and 1942 in the intervention group. The numbers of patients 

(control/intervention) in each population density subgroup were: Rural (population density <250 

km2) 85/319, Suburban (population density 250–2999/km2) 288/832, Urban (population density 

3000–5999/km2) 149/552 and Downtown (population density >6000/km2) 49/239. No major 

differences were seen in baseline characteristics between the different population subgroups (see 

article for details). However, bystander CPR rates and the VF rate were significantly higher in the 

intervention group.   

 

5.4.1 Main results 

5.4.1.1 First responders and time intervals 

Fire-fighters were first on the scene in 54% of cases in the Rural area compared with 27% in the 

Downtown area. Fire-fighters performed CPR in the majority of cases in all subgroups; lowest in 

the Downtown area (79% of cases) and highest in the Suburban area (94% of cases).  
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The response times (i.e. dispatch to arrival) were significantly shortened in all studied subgroups. 

The most prominent time reduction was seen in the Rural group (13.5 to 10.3 minutes, p=0.001) 

compared with (5.8 to 5.0 minutes, p<0.05) the Downtown group.  

 

5.4.1.2 Population density 

In logistic regression analysis, high population density (Downtown >6000/km2) was associated 

with improved 30-day survival as compared with the most sparsely populated area (Rural 

<250/km2), after adjusting for sex, age, place of the arrest, aetiology, witnessed status, bystander 

CPR and rhythm (adjusted OR 2.1, 95% CI 1.1–4.1). 

 

5.4.1.3 30 day-survival 

As seen in Table 8, overall survival improved significantly in the intervention group compared 

with controls in the Suburban group and the Downtown group. When comparing low- and high-

density areas, the 1-month survival rates changed from 4.7 to 5.3% in the Rural area (control vs. 

intervention) and from 4.1 to 15% in Downtown.  

Table 8. Outcome in all patients and in each population subgroup (n=control/intervention). 

 
*p<0.01, **p<0.05 
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6 DISCUSSION 

6.1 DO INCREASED BYSTANDER CPR RATES IMPROVE SURVIVAL? 

The association between bystander CPR and survival was recently challenged in an editorial in 

the New England Journal of Medicine, where considerations regarding efficacy, safety and 

associated costs were taken into account, suggesting that to educate persons in CPR may be 

counterproductive instead of leading anywhere in terms of improved survival.119 However, 

despite the lack of randomised data, there is compelling evidence supporting bystander CPR as 

one of the key measures in the treatment of OHCA.60-62  

In several large observational studies with patient numbers ranging from 30,000 (as in Study I) to 

more than 100,000, the findings are very similar.36, 120 Bystander CPR has repeatedly been 

demonstrated to be an independent factor affecting survival in cases of OHCA and it is associated 

with a twofold or even a threefold increased chance of survival compared with no CPR. The 

effect of bystander CPR seems to be more marked when the delay between the arrest and the start 

of CPR is short.61, 62 Bystander CPR has been associated with an increased likelihood of VF as 

first rhythm,121 suggesting that CPR may prolong the duration of VF before deterioration to 

asystole. The results of Study I are in line with these findings, as bystander CPR was found to be 

an independent predictor of survival and was associated with an increased proportion of patients 

found in shockable rhythm.  

 

6.2 TYPE OF BYSTANDER – DOES IT MATTER? 

The category of the bystander has been shown to influence survival. Bystander CPR performed 

by healthcare professionals is associated with a higher proportion of VF and increased survival 

compared with CPR by laypersons.62, 122 Although many factors are involved, the quality of 

CPR, in terms of compression rate, depth of compression and hands-off time, is probably the 

key factor.123 However, even when EMS personnel deliver CPR the quality may be far from 

optimal, with substantial hands-off time and too shallow chest compression.124 With a CPR 

feedback device these factors have been improved among EMS providers.125 Although difficult 

to assess, one may assume that healthcare personnel find it easier to identify a cardiac arrest 

and may therefore initiate CPR more rapidly after a collapse than laypersons.  
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As shown in Study I, the proportion of laypersons performing CPR, trained or untrained, has 

increased over the last few years in Sweden. Besides the influence of educational campaigns in 

Sweden, one factor that may also have contributed to the increase is CPR guidance by 

telephone from dispatchers to untrained bystanders, which started in 1997.  

In previous studies layperson CPR has been associated with a twofold increase in the chance of 

survival compared with no CPR.122 However, the data is very limited as regards outcome and the 

level of training among lay rescuers. This has also been difficult to assess in studies involving the 

Swedish Cardiac Arrest Register, as this information is not required when the EMS crew fill in 

the register form. In some studies, survival rates have been reported to be similar when poor CPR 

has been performed by an untrained bystander versus no CPR.61 In Study I, no data existed on the 

level of training of bystanders and therefore this could not be assessed. In addition, the quality of 

CPR could not be assessed in Studies II–IV, which would have been interesting for several 

reasons. In Study II the quality of CPR might have been affected by application of the cooling 

device. In Study III, CPR quality in comparison between EMS and fire-fighters may have 

differed. In Study IV regional differences in CPR quality carried out by EMS and fire-fighters 

may have had an effect.  

 

6.3 WHAT ARE THE LIMITATIONS OF THE SWEDISH CARDIAC ARREST 
REGISTER? 

A register is no better than the quality of data recorded. Since 2009 the Swedish Cardiac Arrest 

Register has included all the EMS organisations in Sweden and it thus covers the vast majority of 

the population. However, at the start in 1990 only a few EMS organisations reported to the 

register, and the number has increased gradually. In Study I this makes comparison of data from 

the early study period (i.e. 1992–95) with that of a more recent time (i.e. 2002–2005) somewhat 

difficult, as we might have been looking at slightly different populations. At the end of the study 

period for Study I (2005) about 70% of EMS organisations were included. Thus, when missing 

data from one third of the population the results are more difficult to generalise. In addition, we 

do not know if all cases of OHCA were included in the register. One might suggest that in cases 

where the EMS crew is not playing an active part in CPR (e.g. when a public AED is used and 

ROSC is achieved prior to ambulance arrival) the reporting rate may be lower.126 Evaluating data 



 

VARIOUS ASPECTS OF TREATMENT IN CARDIAC ARREST 31 
 

in observational studies always carries a risk that some confounding factors will not be included 

in multivariate analyses.  

 

6.4 WHY IS THE INITIAL RHYTHM SO IMPORTANT FOR SURVIVAL? 

The presence of VF as first recorded rhythm is the strongest predictor of survival in cases of 

OHCA. This well-established fact was confirmed by the results in Studies I and III. To have VF 

as first rhythm is both an indicator of the origin (i.e. cardiac origin) and the duration (i.e. before 

deteriorating to asystole) of cardiac arrest. In our material the VF rate ranged from 20% to 43%. 

However, the VF rate at the time of cardiac arrest is probably much higher. Estimations have 

been made suggesting a VF incidence of 60–70% at the time of arrest.39 In some settings, e.g. 

cardiac arrests occurring in aircraft or at public venues with an AED close by, the VF rate has 

been described as being as high as 59% to 65%.33, 45   

In Study III the use of first responders reduced the time to quality CPR and connection of an 

AED by one minute. This might be the mechanism behind the increased VF incidence seen in 

this study. In addition, high quality CPR with short pre-shock pauses and accurate chest 

compression has been shown to increase the chance of successful defibrillation and it most 

likely has a direct impact on clinical the outcome.127, 128 

 

6.5 HOW IMPORTANT IS TIME TO CPR AND DEFIBRILLATION? 

The chain-of-survival concept is focused on time to treatment. Use of survival models has 

suggested that each minute of delay to defibrillation in VF patients reduces the probability of 

survival by around 10%.60, 129 To shorten the time to high-quality CPR and defibrillation was the 

rationale behind Study III.  In previous studies, short time intervals to CPR and defibrillation 

have been shown to improve survival rates.60-62 If defibrillation can be carried out within the first 

3 to 5 minutes after cardiac arrest, survival rates well over 50% have been presented.72, 77, 79, 130 

However, the findings in Study IV suggest that the relationship between time reduction and 

survival may not be proportional (Figure 7). A relatively small gain in time in areas with a shorter 

response time seems to be more important than a substantial time reduction in regions with 

longer response times. The implication of this finding is that there might be a breakpoint where 
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time reduction after a certain duration is of less value. In areas with long response times of EMS 

and first responders, other ways need to be explored to recruit rescuers to the scene. 

 

6.6 WHERE DO WE HAVE THE BEST USE OF FIRST RESPONDERS? 

The results in Study III indicate an overall benefit of the use of a first responder system in cases 

of OHCA, with significantly increased 30-day- and 3-year survival. However, when assessing the 

different subpopulations we can see that the effect is outstanding in witnessed arrests and in 

patients with VF as first rhythm. This is in line with other reports and with the results of a pilot 

study preceding Study III, where none of the survivors were among non-witnessed arrests.1, 35 

The implication of this is that it might be useful to explore ways towards more restricted 

dispatching of fire-fighters, limited to only bystander witnessed cases. However, this requires a 

high level of expertise among dispatchers to rapidly identify the circumstances of the arrest. 

Furthermore, in Study III there was no benefit among patients with non-shockable rhythms in 

any of the outcome measures: ROSC, admitted alive, 30-day- or 3-year survival. These findings 

are similar to those in other first-responder studies.73, 75, 76 To improve outcome in this patient 

group remains a challenge. In Study IV we saw that dual dispatch can reduce time intervals in 

different regions with various population densities. However, the survival rate in scarcely 

populated areas was unchanged, in accordance with the results of other studies.116, 131 In this 

setting, other approaches to recruit resources might be needed.  

 

6.7 DOES THE NUMBER OF PERSONS ON THE SCENE MATTER? 

The optimal number of trained persons (i.e. EMS and first responders) on the scene during 

resuscitation in a case of OHCA is unknown. Some data exists which suggests that multiple lay 

rescuers on the scene of an arrest prior to EMS arrival could be associated with improved CPR 

quality.132 Historically, ERC ALS teaching scenarios concern four or even five people.133 One 

potential effect of the intervention in Study III was the recruitment of more skilled persons (i.e. 

fire-fighters in addition to EMS) to the scene of the arrest. Besides an earlier start of resuscitation, 

this could also mean an improved quality of ALS. Over time, one might assume that the roles of 

fire-fighters and EMS crews have become more established. As previously discussed, the number 

of persons on the scene might improve the quality of CPR.124, 127, 134 With skilled fire-fighters on  
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the scene, EMS crews are not restricted to performing CPR but can focus on the next step, such 

as drug administration and airway management. 

 

6.8 HOW IMPORTANT ARE IN-HOSPITAL FACTORS? 

Post-resuscitation care at intensive care units has improved significantly during the last decade 

and has most likely contributed to increased in-hospital survival. Therapeutic hypothermia has 

been tested in randomised controlled trials and is discussed in the next section. However, the 

level of evidence concerning other specific in-hospital measures following cardiac arrest is 

generally low and is derived mostly from observational studies, specific or combined 

interventional studies using historical controls, or small randomised series (e.g. concerning 

glucose levels).55, 88 Some of these factors are presented in Table 4.  In many aspects, this is a 

difficult population to investigate in observational studies. The risk of selection bias is 

particularly high, as many of the forms of in-hospital intervention in these patients, such as 

coronary angiography, will not be considered unless the patient shows signs of neurological 

recovery. Some in-hospital factors were considered in Study III in order to assess their potential 

impact on outcome during the study period. We could see a difference in the proportion of 

patients where angiography was performed more than 24 hours after the arrest. This may indicate 

a different approach between the control- and the intervention period concerning the use of 

coronary angiography in these patients.  

Perhaps most debated over the past few years is the potential benefit of immediate angiography 

in patients without STEMI. As in aware patients, immediate angiography is recommended in 

OHCA survivors with ST elevation, which in small studies has been associated with improved 

outcome.109, 135 Although the results of several studies have confirmed that significant lesions (up 

to 58%) and occlusions (up to 27%) may occur even in the absence of ST elevation,104-106 the 

value of immediate coronary angiography in non-STEMI cases is undetermined and this needs to 

be tested in randomised trials. 136, 137  

 

6.9 HOW SHOULD THERAPEUTIC HYPOTHERMIA BE USED?  

Brain injury is the cause of death in two-thirds of resuscitated cardiac arrest patients that are 

admitted to hospital.138 Hypothermia has been shown to have a range of neuroprotective effects 
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after cardiac arrest, limiting the effect of the global ischaemia/reperfusion injury by reducing the 

pathological mechanisms of ischaemia, decreasing cerebral metabolism, slowing the ischaemic 

loss of ion gradients and exerting anti-inflammatory effects.93 

As described earlier, in-hospital therapeutic hypothermia in VF patients has been shown to 

improve neurological function six months after cardiac arrest.94, 95, 139 Therapeutic hypothermia is 

now integrated in current guidelines and for many years has been an established treatment at 

intensive care units.55 However, this approach has been challenged recently in a large randomised 

hospital study where fever was avoided and hypothermia to 33 °C versus 36 °C was compared.96 

In this study, with a slightly different study population in comparison with the previous studies 

(e.g. all rhythms included and, except for patients with asystole, unwitnessed arrests as well) no 

differences in outcome were seen between the treatment groups. In Study III, there was no 

difference in the control and intervention groups in the proportion of patients treated by means of 

therapeutic hypothermia. In logistic regression analysis of patients admitted alive with VF as first 

rhythm, therapeutic hypothermia was not associated with improved 30-day- or 3-year survival. 

 

6.10 HOW CRUCIAL IS THE TIME TO COOLING? 

In Study II we investigated the safety and feasibility of very early induction of hypothermia as 

early as during CPR, hours before the start of cooling in most hospital studies.140 The 

pathophysiology of global ischaemic/reperfusion injury that is triggered at the time of cardiac 

arrest provides a strong argument for such intervention to avoid deleterious cellular damage.92, 93 

The immediate injuries induced by the global ischaemic/reperfusion response after OHCA are 

particularly damaging in the brain.92, 93 The current consensus of opinion is also to initiate cooling 

as soon as possible. 55, 67 The existing experimental data are convincing as regards the benefit of 

hypothermia after circulatory arrest.98, 141 These studies are mainly based on early cooling, 

induced during CPR (i.e. intra-arrest) or very soon after the circulation has been restored (i.e. 

post-ROSC), with clear superiority of rapid intra-arrest cooling over cooling initiated post-

ROSC.97 142 In addition, numerous cases of severe accidental hypothermia occurring before or 

just after cardiac arrest have shown the potential of cooling to protect the brain from injury. 143, 144 

Starting cooling at a later stage, after several hours, has not been widely tested in animals. Thus, 

when moving from very early cooling in an experimental setting to several hours of delay in 

clinical practice, we might miss the time-window for the best effectiveness of hypothermia.145  
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6.11 IS THE METHOD OF COOLING OF IMPORTANCE? 

To be able to start early intra-arrest cooling in the field a safe and reliable method is needed that 

can be used by the EMS. The predominating method used is administration of cold intravenous 

(i.v.) saline, which in several smaller studies has been shown to be safe and feasible for use intra-

arrest and post-ROSC and has resulted in a lowered temperature on hospital arrival (by 1.2 to 2.1 

°C).101, 102, 146 However, in two recent randomised clinical trials no benefit of early post-ROSC 

cooling compared with hospital cooling alone was found.99, 100 In these studies, patients were 

randomised minutes after ROSC to either i.v. cooling with up to 2 litres of cold saline or to 

standard ALS treatment. In addition, patients randomised to pre-hospital cooling in the larger 

study showed an increase in haemodynamic side-effects, with a significantly increased number of 

re-arrests, poorer oxygenation and increased pulmonary oedema at admission. These findings 

suggest that an i.v. volume load directly after ROSC may be harmful.  

In Study II, we assessed another method of in-field cooling of OHCA patients. The technique of 

trans-nasal evaporative cooling was developed primarily to cool the brain. In Study II we 

concluded that trans-nasal evaporative cooling is an easily applicable and effective cooling 

method that can be induced during cardiopulmonary resuscitation. It was safe to use, significantly 

lowered the patients’ temperature at hospital arrival and it shortened the time to achieve the target 

temperature of <34°C. The method involves continuous cooling without an i.v. volume load, 

which most likely is advantageous compared with the use of cold i.v. fluids.113, 147   

There are two on-going randomised clinical trials that have been set up to investigate the effect of 

intra-arrest cooling versus hospital cooling that will add important information to this field of 

research. One of them involves trans-nasal evaporative cooling 148 and the other one is involves 

the use of cold fluid as the pre-hospital cooling method.149 

 

6.12 SOME ETHICAL ASPECTS OF CARDIAC ARREST RESEARCH  

To perform high quality research within the field or resuscitation is a major challenge. Most of 

the studies in this field origin from experimental studies, retrospective studies, prospective 

observational studies or before/after studies. In general the level of evidence from these types of 

studies is very limited. The approaches are certainly valuable to highlight certain issues or 

generating hypothesis for future research. However, the need of randomised controlled trials is 
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essential to assess new (or old) treatments, their potential benefit and whether they are cost 

effective or not.  

There are several ethical concerns in performing research in cardiac arrest patients. One of the 

most debated issues is the informed consent procedure, which is impossible to perform in 

unconscious patients. In addition, to ask relatives for permission to enrol the person in a research 

study in this critical situation when the emphasis must be on the medical management is very 

difficult and may also delay necessary actions. Recent directives within the European Union150 

and the US151 have made research in unconscious persons more difficult when the patient’s 

autonomy cannot be ensured prior to enrolment. However, to improve the chances of survival at 

a population level, exceptions from these directives are most probably needed. In study III, the 

preceding pilot study showed very promising results on survival rates, which consequently made 

randomisation very difficult. In study II informed consent was received from all surviving 

patients and from next of kin in cases where the patients did not survive. To discuss with relatives 

about consent for a clinical study when their close relative recently died from a cardiac arrest is 

very challenging. To explore ways to reduce some of the barriers associated with performing 

research in these patients are needed to improve the quality of evidence in the treatment of 

cardiac arrest.  
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7 CONCLUSIONS 

Between 1992 and 2005 there was substantial increase in bystander CPR in cases of out-of-

hospital cardiac arrest in Sweden, performed by laypersons. Bystander CPR was associated 

with positive effects on both ventricular fibrillation and survival. 

Pre-hospital intra-arrest trans-nasal cooling is safe and feasible in cases of out-of-hospital 

cardiac arrest and is associated with a significant improvement in the time interval required to 

cool patients. 

The implementation of a dual dispatch system using fire-fighters as first responders in addition to 

EMS significantly shortened response times and was associated with substantially improved 30-

day survival and survival after 3 years in cases of out-of-hospital cardiac arrest. 

Dual dispatch of fire-fighters and EMS reduced response times in all studied regions, ranging 

from very rural areas to very densely populated areas in Stockholm. However, the effect of this 

intervention on 30-day survival rates varied depending on population density, with the lowest 

impact in the rural areas. 

 



 

38 PER NORDBERG 
 

8  ACKNOWLEDGEMENTS 

I would like to express my sincere gratitude to all colleagues, friends and family who made this thesis 
possible. In particular I would like to thank: 

Leif Svensson, associate professor of Cardiology and my main supervisor. Your never-ending enthusiasm 
and energy combined with your straightforward approach to science are the main reasons why I started this 
journey. I have truly enjoyed every minute of our collaboration, from the intensive discussions regarding the 
line-up of the Swedish national football team to intricate details in on-going studies. You have really had the 
unique ability to read the situation that I have been in with my family and clinical work and have adjusted 
the workload accordingly. As I see it Leif, this is only the beginning of a long and beautiful friendship.  

Jacob Hollenberg, my co-supervisor and dear friend. You are the one who invited me to join the cardiac 
arrest research group at Södersjukhuset many years ago and somehow made it sound so natural that I would 
continue for a PhD degree. You are a tremendous source of input (whatever subject) and have been a great 
support to me, especially during the last few years. Thanks for all the extra quality that you have added to 
my work and for all the great fun that we have shared! 

Sune Forsberg, head of the Medical Intensive Care Unit and my co-supervisor. Thanks for all the vital 
discussions over the years on aspects of hypothermia treatment. The setting for our talks has ranged from 
sharing oatmeal porridge at our department to luxurious hotels in Brussels. Your clinical experience with 
this group of patients is really outstanding. By joining our efforts we have convinced the Stockholm 
intensive care units to participate in our studies.  

Mårten Rosenqvist, professor of Cardiology and co-author. Your almost artistic approach to science has 
been an important source of inspiration over the years. I have often quoted you on how important it is to 
overlook the bureaucracy that exists in this world and to see research as something that can be exiting and 
fun. Thanks for all the wise contributions over the years. And Mårten, some day we will have strawberries 
and cream at Wimbledon Centre Court.  

Mattias Ringh, my dear friend and co-author. We have struggled together all these years to reach our 
examinations almost simultaneously. I have really enjoyed sharing thoughts and ideas with you about almost 
anything. Thanks for a great time. I am really looking forward to working with you in both clinical practice 
and research.  

Martin Jonsson, co-author and statistical support. I have so many things to thank you for. You have 
performed numerous statistical analyses and we have discussed aspects of these for hours at almost any time 
of the day. “Hi Martin” were some of the first words that our youngest daughter said when she was just 
about one year old, which indicates how many times you have called me during this period. 

Johan Herlitz, professor of Cardiology and co-author. I did not know that you were one of Europe’s most 
well-regarded researchers in the field of cardiac arrest when you guided me through my first publication. 
You have an extraordinary sense of how to express research findings and I have really tried to learn from 
your elegant and balanced words. Thanks for all the help over the years.  

Eva Sjöblom, colleague and my clinical supervisor. Thank you for your support in difficult clinical situations 
and for all the interesting discussions we have had over the years. You believed in me from the beginning 
when I started at the Cardiology Department and in a street-smart manner you have guided me during my 
residency. 

Eva Strååt, head of the Department of Cardiology. Thanks for your efforts to improve the conditions for 
PhD students during the last few years. It has certainly helped me a lot in the work of this thesis. 

Annette Grip, colleague and head of the residents. Thanks for your support over all these years and for 
helping me to balance my clinical work with research activities.  



 

VARIOUS ASPECTS OF TREATMENT IN CARDIAC ARREST 39 
 

Per Tornvall, clinical lecturer at Karolinska Institutet. Thank you for valuable input and for creating a good 
atmosphere for all those who are interested in research. 

Fabio Taccone, Department of Intensive Care at Erasmus University Hospital, Brussels. Thanks for all the 
energy you have given to our hypothermia studies over the years. Hopefully we will collaborate in many 
different projects in years to come. 

Hans Pettersson, Ingela Hasselqvist-Ax, Tobias Dahlqvist, David Fredman, Gabriel Riva and Anna von 
Vultee, my research colleagues and co-authors, for sharing your knowledge and enthusiasm.  

Thomas Hermansson, Anders Bäckman, Johan Nestin and Emmelie Dillenbeck, for extraordinary 
contributions in operative work with the PRINCE study.  

Bodil Berggren and Anette Boban, for your encouraging support and for always assisting despite the fact 
that I am constantly late with all administrative matters. You are really great! 

Christer Roheden, Art Director at Blooms byrå, for designing the cover of this thesis. Art is like science, you 
inspire and become inspired.  

Jeanette Öhrman, administrator at Karolinska Institutet, for firmly assisting me in the jungle of formalities at 
KI, which in fact is not my strongest side. Matts Jonson for giving me the “first aid” when my computer 
broke in 2011. Staffan Arvidsson for invaluable support with the database management.  

Lars Hallander, project leader, SALSA, for all the hard work you have put into the implementation of dual 
dispatching in Stockholm.  

The dispatchers at the Emergency Dispatch Centre and all the fire-fighters participating in the SALSA 
project. It is you that have made the real difference in the implementation of dual dispatching in cases of 
cardiac arrest in Stockholm. Many thanks. You are the true heroes. 

My colleagues at the Department of Cardiology for making our department such a great place to work: 
Mikael Aasa, Patrik Alström, Lars Alveryd, Anders Aquilonius, Gunnar Boberg, Carin Cabrera, Olov 
Collste, Ludvig Elfwén, Vesna Ercegovac, Nicolai Fedchenko, Hanna Fischer, Johan Frederiksen, Mats 
Frick, Magnus Fux, David Gustavsson, Luwam Habtemariam, Anders Hallenberg, Anders Hedman, 
Karin Hildebrand, Robin Hofmann, Caroline Holmin, Johan Hulting, Felicia Håkansson, Carina 
Hägglund, Ulf Jensen, Marie Jernvald, Anna-Karin Johansson, Jon Erik Jonsson, Mattias Josephson, 
Christina Jägren, Björn Kjellman, Hanna Lenhoff, Martin Lerner, Marie Lingbrandt, Lina Ljung, 
Catharina Lundberg, Patrik Norgren, Joakim Olbers, Jens Olson, Astrid Paul, Laura Prados, Lars Rune, 
Kristina Rydlund, Jonas Räf, Martin Sundqvist, Bengt Ullman, Tashi Wangyal and Nils Witt.  

My dear family, Anne-Chatrine, Olle Sr, Mary, Olle Jr and Camilla, Anders and Karin, Conny and Monika, 
Ville and Ingrid, Anton and Sofia for all your interest in my projects, logistical support with babysitting and 
for just being fantastic persons.  

Adam, Moa and Lova, my wonderful children. You give me so much joy and energy every day. 

Viveka, my fantastic wife. Thanks for all the love and support at every step of the way during these years.  
I could not have made it without you. You are the best.  I love you. 

 

 

 

 

 

 

This work was financially supported by the Swedish Heart and Lung foundation. 



 

40 PER NORDBERG 
 

9 REFERENCES 

1. Hollenberg J, Riva G, Bohm K, Nordberg P, Larsen R, Herlitz J, Pettersson H, Rosenqvist M and Svensson L. 
Dual dispatch early defibrillation in out-of-hospital cardiac arrest: the SALSA-pilot. European heart journal. 
2009;30:1781-9. 

2. Jacobs I, Nadkarni V, Bahr J, Berg RA, Billi JE, Bossaert L, Cassan P, Coovadia A, D'Este K, Finn J, Halperin 
H, Handley A, Herlitz J, Hickey R, Idris A, Kloeck W, Larkin GL, Mancini ME, Mason P, Mears G, 
Monsieurs K, Montgomery W, Morley P, Nichol G, Nolan J, Okada K, Perlman J, Shuster M, Steen PA, Sterz 
F, Tibballs J, Timerman S, Truitt T, Zideman D, International Liaison Committee on R, American Heart A, 
European Resuscitation C, Australian Resuscitation C, New Zealand Resuscitation C, Heart, Stroke 
Foundation of C, InterAmerican Heart F, Resuscitation Councils of Southern A, Arrest ITFoC and 
Cardiopulmonary Resuscitation O. Cardiac arrest and cardiopulmonary resuscitation outcome reports: update 
and simplification of the Utstein templates for resuscitation registries: a statement for healthcare professionals 
from a task force of the International Liaison Committee on Resuscitation (American Heart Association, 
European Resuscitation Council, Australian Resuscitation Council, New Zealand Resuscitation Council, Heart 
and Stroke Foundation of Canada, InterAmerican Heart Foundation, Resuscitation Councils of Southern 
Africa). Circulation. 2004;110:3385-97. 

3. Kouwenhoven WB, Jude JR and Knickerbocker GG. Landmark article July 9, 1960: Closed-chest cardiac 
massage. By W. B. Kouwenhoven, James R. Jude, and G. Guy Knickerbocker. JAMA : the journal of the 
American Medical Association. 1984;251:3133-6. 

4. Safar P. Mouth-to-mouth airway. Anesthesiology. 1957;18:904-6. 
5. Safar P, Brown TC, Holtey WJ and Wilder RJ. Ventilation and circulation with closed-chest cardiac massage 

in man. JAMA : the journal of the American Medical Association. 1961;176:574-6. 
6. Zoll PM, Linenthal AJ, Gibson W, Paul MH and Norman LR. Termination of ventricular fibrillation in man by 

externally applied electric countershock. The New England journal of medicine. 1956;254:727-32. 
7. Lown B, Neuman J, Amarasingham R and Berkovits BV. Comparison of alternating current with direct 

electroshock across the closed chest. The American journal of cardiology. 1962;10:223-33. 
8. Chugh SS, Jui J, Gunson K, Stecker EC, John BT, Thompson B, Ilias N, Vickers C, Dogra V, Daya M, Kron J, 

Zheng ZJ, Mensah G and McAnulty J. Current burden of sudden cardiac death: multiple source surveillance 
versus retrospective death certificate-based review in a large U.S. community. Journal of the American 
College of Cardiology. 2004;44:1268-75. 

9. Zheng ZJ, Croft JB, Giles WH and Mensah GA. Sudden cardiac death in the United States, 1989 to 1998. 
Circulation. 2001;104:2158-63. 

10. Nichol G, Thomas E, Callaway CW, Hedges J, Powell JL, Aufderheide TP, Rea T, Lowe R, Brown T, Dreyer 
J, Davis D, Idris A and Stiell I. Regional variation in out-of-hospital cardiac arrest incidence and outcome. 
JAMA : the journal of the American Medical Association. 2008;300:1423-31. 

11. Stromsoe A, Svensson L, Claesson A, Lindkvist J, Lundstrom A and Herlitz J. Association between population 
density and reported incidence, characteristics and outcome after out-of-hospital cardiac arrest in Sweden. 
Resuscitation. 2011;82:1307-13. 

12. Hollenberg J, Bang A, Lindqvist J, Herlitz J, Nordlander R, Svensson L and Rosenqvist M. Difference in 
survival after out-of-hospital cardiac arrest between the two largest cities in Sweden: a matter of time? Journal 
of internal medicine. 2005;257:247-54. 

13. Wang HE, Devlin SM, Sears GK, Vaillancourt C, Morrison LJ, Weisfeldt M, Callaway CW and Investigators 
ROC. Regional variations in early and late survival after out-of-hospital cardiac arrest. Resuscitation. 
2012;83:1343-8. 



 

VARIOUS ASPECTS OF TREATMENT IN CARDIAC ARREST 41 
 

14. Atwood C, Eisenberg MS, Herlitz J and Rea TD. Incidence of EMS-treated out-of-hospital cardiac arrest in 
Europe. Resuscitation. 2005;67:75-80. 

15. Rea TD, Eisenberg MS, Sinibaldi G and White RD. Incidence of EMS-treated out-of-hospital cardiac arrest in 
the United States. Resuscitation. 2004;63:17-24. 

16. Roger VL, Go AS, Lloyd-Jones DM, Benjamin EJ, Berry JD, Borden WB, Bravata DM, Dai S, Ford ES, Fox 
CS, Fullerton HJ, Gillespie C, Hailpern SM, Heit JA, Howard VJ, Kissela BM, Kittner SJ, Lackland DT, 
Lichtman JH, Lisabeth LD, Makuc DM, Marcus GM, Marelli A, Matchar DB, Moy CS, Mozaffarian D, 
Mussolino ME, Nichol G, Paynter NP, Soliman EZ, Sorlie PD, Sotoodehnia N, Turan TN, Virani SS, Wong 
ND, Woo D, Turner MB, American Heart Association Statistics C and Stroke Statistics S. Executive summary: 
heart disease and stroke statistics--2012 update: a report from the American Heart Association. Circulation. 
2012;125:188-97. 

17. http://www.hlr.nu/register/hjart-lungraddningsregistret Swedish Cardiac arrest register. National report 2013. 
18. Myerburg RJ, Kessler KM and Castellanos A. Sudden cardiac death. Structure, function, and time-dependence 

of risk. Circulation. 1992;85:I2-10. 
19. Myerburg RJ. Sudden cardiac death: exploring the limits of our knowledge. Journal of cardiovascular 

electrophysiology. 2001;12:369-81. 
20. Hodgetts TJ, Kenward G, Vlachonikolis IG, Payne S and Castle N. The identification of risk factors for cardiac 

arrest and formulation of activation criteria to alert a medical emergency team. Resuscitation. 2002;54:125-31. 
21. Hillman K, Chen J, Cretikos M, Bellomo R, Brown D, Doig G, Finfer S, Flabouris A and investigators Ms. 

Introduction of the medical emergency team (MET) system: a cluster-randomised controlled trial. Lancet. 
2005;365:2091-7. 

22. Cummins RO, Chamberlain DA, Abramson NS, Allen M, Baskett PJ, Becker L, Bossaert L, Delooz HH, Dick 
WF, Eisenberg MS and et al. Recommended guidelines for uniform reporting of data from out-of-hospital 
cardiac arrest: the Utstein Style. A statement for health professionals from a task force of the American Heart 
Association, the European Resuscitation Council, the Heart and Stroke Foundation of Canada, and the 
Australian Resuscitation Council. Circulation. 1991;84:960-75. 

23. Virmani R, Burke AP and Farb A. Sudden cardiac death. Cardiovascular pathology : the official journal of the 
Society for Cardiovascular Pathology. 2001;10:211-8. 

24. Kuisma M and Alaspaa A. Out-of-hospital cardiac arrests of non-cardiac origin. Epidemiology and outcome. 
European heart journal. 1997;18:1122-8. 

25. Pell JP, Sirel JM, Marsden AK, Ford I, Walker NL and Cobbe SM. Presentation, management, and outcome of 
out of hospital cardiopulmonary arrest: comparison by underlying aetiology. Heart. 2003;89:839-42. 

26. Kurkciyan I, Meron G, Behringer W, Sterz F, Berzlanovich A, Domanovits H, Mullner M, Bankl HC and 
Laggner AN. Accuracy and impact of presumed cause in patients with cardiac arrest. Circulation. 
1998;98:766-71. 

27. Silfvast T. Cause of death in unsuccessful prehospital resuscitation. Journal of internal medicine. 
1991;229:331-5. 

28. Hollenberg J, Svensson L and Rosenqvist M. Out-of-hospital cardiac arrest: 10 years of progress in research 
and treatment. Journal of internal medicine. 2013;273:572-83. 

29. Iwami T, Hiraide A, Nakanishi N, Hayashi Y, Nishiuchi T, Uejima T, Morita H, Shigemoto T, Ikeuchi H, 
Matsusaka M, Shinya H, Yukioka H and Sugimoto H. Outcome and characteristics of out-of-hospital cardiac 
arrest according to location of arrest: A report from a large-scale, population-based study in Osaka, Japan. 
Resuscitation. 2006;69:221-8. 

30. Herlitz J, Eek M, Holmberg M, Engdahl J and Holmberg S. Characteristics and outcome among patients 
having out of hospital cardiac arrest at home compared with elsewhere. Heart. 2002;88:579-82. 



 

42 PER NORDBERG 
 

31. Eisenburger P, Sterz F, Haugk M, Scheinecker W, Holzer M, Koreny M, Kaff A, Laggner A and Herkner H. 
Cardiac arrest in public locations--an independent predictor for better outcome? Resuscitation.  
2006;70:395-403. 

32. Kitamura T, Iwami T, Kawamura T, Nagao K, Tanaka H, Hiraide A, Implementation Working Group for the 
All-Japan Utstein Registry of the F and Disaster Management A. Nationwide public-access defibrillation in 
Japan. The New England journal of medicine. 2010;362:994-1004. 

33. Weisfeldt ML, Sitlani CM, Ornato JP, Rea T, Aufderheide TP, Davis D, Dreyer J, Hess EP, Jui J, Maloney J, 
Sopko G, Powell J, Nichol G, Morrison LJ and Investigators ROC. Survival after application of automatic 
external defibrillators before arrival of the emergency medical system: evaluation in the resuscitation outcomes 
consortium population of 21 million. Journal of the American College of Cardiology. 2010;55:1713-20. 

34. Herlitz J, Engdahl J, Svensson L, Angquist KA, Young M and Holmberg S. Factors associated with an 
increased chance of survival among patients suffering from an out-of-hospital cardiac arrest in a national 
perspective in Sweden. American heart journal. 2005;149:61-6. 

35. Kuisma M and Jaara K. Unwitnessed out-of-hospital cardiac arrest: is resuscitation worthwhile? Annals of 
emergency medicine. 1997;30:69-75. 

36. Sasson C, Rogers MA, Dahl J and Kellermann AL. Predictors of survival from out-of-hospital cardiac arrest: a 
systematic review and meta-analysis. Circulation Cardiovascular quality and outcomes. 2010;3:63-81. 

37. Herlitz J, Svensson L, Engdahl J, Gelberg J, Silfverstolpe J, Wisten A, Angquist KA and Holmberg S. 
Characteristics of cardiac arrest and resuscitation by age group: an analysis from the Swedish Cardiac Arrest 
Registry. The American journal of emergency medicine. 2007;25:1025-31. 

38. Tabereaux PB, Dosdall DJ and Ideker RE. Mechanisms of VF maintenance: wandering wavelets, mother 
rotors, or foci. Heart rhythm : the official journal of the Heart Rhythm Society. 2009;6:405-15. 

39. Holmberg M, Holmberg S and Herlitz J. Incidence, duration and survival of ventricular fibrillation in out-of-
hospital cardiac arrest patients in sweden. Resuscitation. 2000;44:7-17. 

40. Rewers M, Tilgreen RE, Crawford ME and Hjortso N. One-year survival after out-of-hospital cardiac arrest in 
Copenhagen according to the 'Utstein style'. Resuscitation. 2000;47:137-46. 

41. Fridman M, Barnes V, Whyman A, Currell A, Bernard S, Walker T and Smith KL. A model of survival 
following pre-hospital cardiac arrest based on the Victorian Ambulance Cardiac Arrest Register. Resuscitation. 
2007;75:311-22. 

42. Cobb LA, Fahrenbruch CE, Olsufka M and Copass MK. Changing incidence of out-of-hospital ventricular 
fibrillation, 1980-2000. JAMA : the journal of the American Medical Association. 2002;288:3008-13. 

43. Herlitz J, Engdahl J, Svensson L, Young M, Angquist KA and Holmberg S. Decrease in the occurrence of 
ventricular fibrillation as the initially observed arrhythmia after out-of-hospital cardiac arrest during 11 years in 
Sweden. Resuscitation. 2004;60:283-90. 

44. Ringh M, Herlitz J, Hollenberg J, Rosenqvist M and Svensson L. Out of hospital cardiac arrest outside home in 
Sweden, change in characteristics, outcome and availability for public access defibrillation. Scandinavian 
journal of trauma, resuscitation and emergency medicine. 2009;17:18. 

45. van Alem AP, Vrenken RH, de Vos R, Tijssen JG and Koster RW. Use of automated external defibrillator by 
first responders in out of hospital cardiac arrest: prospective controlled trial. BMJ. 2003;327:1312. 

46. Adielsson A, Hollenberg J, Karlsson T, Lindqvist J, Lundin S, Silfverstolpe J, Svensson L and Herlitz J. 
Increase in survival and bystander CPR in out-of-hospital shockable arrhythmia: bystander CPR and female 
gender are predictors of improved outcome. Experiences from Sweden in an 18-year perspective. Heart. 
2011;97:1391-6. 

47. Herlitz J, Engdahl J, Svensson L, Young M, Angquist KA and Holmberg S. Is female sex associated with 
increased survival after out-of-hospital cardiac arrest? Resuscitation. 2004;60:197-203. 



 

VARIOUS ASPECTS OF TREATMENT IN CARDIAC ARREST 43 
 

48. Perers E, Abrahamsson P, Bang A, Engdahl J, Lindqvist J, Karlson BW, Waagstein L and Herlitz J. There is a 
difference in characteristics and outcome between women and men who suffer out of hospital cardiac arrest. 
Resuscitation. 1999;40:133-40. 

49. Cummins RO, Ornato JP, Thies WH and Pepe PE. Improving survival from sudden cardiac arrest: the "chain 
of survival" concept. A statement for health professionals from the Advanced Cardiac Life Support 
Subcommittee and the Emergency Cardiac Care Committee, American Heart Association. Circulation. 
1991;83:1832-47. 

50. Lewis M, Stubbs BA and Eisenberg MS. Dispatcher-assisted cardiopulmonary resuscitation: time to identify 
cardiac arrest and deliver chest compression instructions. Circulation. 2013;128:1522-30. 

51. Bohm K, Rosenqvist M, Hollenberg J, Biber B, Engerstrom L and Svensson L. Dispatcher-assisted telephone-
guided cardiopulmonary resuscitation: an underused lifesaving system. European journal of emergency 
medicine : official journal of the European Society for Emergency Medicine. 2007;14:256-9. 

52. Berdowski J, Beekhuis F, Zwinderman AH, Tijssen JG and Koster RW. Importance of the first link: 
description and recognition of an out-of-hospital cardiac arrest in an emergency call. Circulation. 
2009;119:2096-102. 

53. Vaillancourt C, Charette ML, Bohm K, Dunford J and Castren M. In out-of-hospital cardiac arrest patients, 
does the description of any specific symptoms to the emergency medical dispatcher improve the accuracy of 
the diagnosis of cardiac arrest: a systematic review of the literature. Resuscitation. 2011;82:1483-9. 

54. Bohm K, Vaillancourt C, Charette ML, Dunford J and Castren M. In patients with out-of-hospital cardiac 
arrest, does the provision of dispatch cardiopulmonary resuscitation instructions as opposed to no instructions 
improve outcome: a systematic review of the literature. Resuscitation. 2011;82:1490-5. 

55. Nolan JP, Soar J, Zideman DA, Biarent D, Bossaert LL, Deakin C, Koster RW, Wyllie J and Bottiger B. 
European Resuscitation Council Guidelines for Resuscitation 2010 Section 1. Executive summary. 
Resuscitation. 2010;81:1219-76. 

56. Delguercio LR, Feins NR, Cohn JD, Coomaraswamy RP, Wollman SB and State D. Comparison of Blood 
Flow during External and Internal Cardiac Massage in Man. Circulation. 1965;31:SUPPL 1:171-80. 

57. Paradis NA, Martin GB, Rivers EP, Goetting MG, Appleton TJ, Feingold M and Nowak RM. Coronary 
perfusion pressure and the return of spontaneous circulation in human cardiopulmonary resuscitation. JAMA : 
the journal of the American Medical Association. 1990;263:1106-13. 

58. Waalewijn RA, Nijpels MA, Tijssen JG and Koster RW. Prevention of deterioration of ventricular fibrillation 
by basic life support during out-of-hospital cardiac arrest. Resuscitation. 2002;54:31-6. 

59. Eftestol T, Wik L, Sunde K and Steen PA. Effects of cardiopulmonary resuscitation on predictors of 
ventricular fibrillation defibrillation success during out-of-hospital cardiac arrest. Circulation. 2004;110:10-5. 

60. Valenzuela TD, Roe DJ, Cretin S, Spaite DW and Larsen MP. Estimating effectiveness of cardiac arrest 
interventions: a logistic regression survival model. Circulation. 1997;96:3308-13. 

61. Waalewijn RA, Tijssen JG and Koster RW. Bystander initiated actions in out-of-hospital cardiopulmonary 
resuscitation: results from the Amsterdam Resuscitation Study (ARRESUST). Resuscitation. 2001;50:273-9. 

62. Holmberg M, Holmberg S, Herlitz J and Swedish Cardiac Arrest R. Factors modifying the effect of bystander 
cardiopulmonary resuscitation on survival in out-of-hospital cardiac arrest patients in Sweden. European heart 
journal. 2001;22:511-9. 

63. Bohm K, Rosenqvist M, Herlitz J, Hollenberg J and Svensson L. Survival is similar after standard treatment 
and chest compression only in out-of-hospital bystander cardiopulmonary resuscitation. Circulation. 
2007;116:2908-12. 

64. Iwami T, Kawamura T, Hiraide A, Berg RA, Hayashi Y, Nishiuchi T, Kajino K, Yonemoto N, Yukioka H, 
Sugimoto H, Kakuchi H, Sase K, Yokoyama H and Nonogi H. Effectiveness of bystander-initiated cardiac-
only resuscitation for patients with out-of-hospital cardiac arrest. Circulation. 2007;116:2900-7. 



 

44 PER NORDBERG 
 

65. Rea TD, Fahrenbruch C, Culley L, Donohoe RT, Hambly C, Innes J, Bloomingdale M, Subido C, Romines S 
and Eisenberg MS. CPR with chest compression alone or with rescue breathing. The New England journal of 
medicine. 2010;363:423-33. 

66. Svensson L, Bohm K, Castren M, Pettersson H, Engerstrom L, Herlitz J and Rosenqvist M. Compression-only 
CPR or standard CPR in out-of-hospital cardiac arrest. The New England journal of medicine. 2010;363:434-
42. 

67. Hazinski MF, Nolan JP, Billi JE, Bottiger BW, Bossaert L, de Caen AR, Deakin CD, Drajer S, Eigel B, 
Hickey RW, Jacobs I, Kleinman ME, Kloeck W, Koster RW, Lim SH, Mancini ME, Montgomery WH, 
Morley PT, Morrison LJ, Nadkarni VM, O'Connor RE, Okada K, Perlman JM, Sayre MR, Shuster M, Soar J, 
Sunde K, Travers AH, Wyllie J and Zideman D. Part 1: Executive summary: 2010 International Consensus on 
Cardiopulmonary Resuscitation and Emergency Cardiovascular Care Science With Treatment 
Recommendations. Circulation. 2010;122:S250-75. 

68. Halperin HR, Paradis N, Ornato JP, Zviman M, Lacorte J, Lardo A and Kern KB. Cardiopulmonary 
resuscitation with a novel chest compression device in a porcine model of cardiac arrest: improved 
hemodynamics and mechanisms. Journal of the American College of Cardiology. 2004;44:2214-20. 

69. Steen S, Liao Q, Pierre L, Paskevicius A and Sjoberg T. Evaluation of LUCAS, a new device for automatic 
mechanical compression and active decompression resuscitation. Resuscitation. 2002;55:285-99. 

70. Rubertsson S, Lindgren E, Smekal D, Ostlund O, Silfverstolpe J, Lichtveld RA, Boomars R, Ahlstedt B, 
Skoog G, Kastberg R, Halliwell D, Box M, Herlitz J and Karlsten R. Mechanical chest compressions and 
simultaneous defibrillation vs conventional cardiopulmonary resuscitation in out-of-hospital cardiac arrest: the 
LINC randomized trial. JAMA : the journal of the American Medical Association. 2014;311:53-61. 

71. Hallstrom A, Rea TD, Sayre MR, Christenson J, Anton AR, Mosesso VN, Jr., Van Ottingham L, Olsufka M, 
Pennington S, White LJ, Yahn S, Husar J, Morris MF and Cobb LA. Manual chest compression vs use of an 
automated chest compression device during resuscitation following out-of-hospital cardiac arrest: a 
randomized trial. JAMA : the journal of the American Medical Association. 2006;295:2620-8. 

72. Valenzuela TD, Roe DJ, Nichol G, Clark LL, Spaite DW and Hardman RG. Outcomes of rapid defibrillation 
by security officers after cardiac arrest in casinos. The New England journal of medicine. 2000;343:1206-9. 

73. Myerburg RJ, Fenster J, Velez M, Rosenberg D, Lai S, Kurlansky P, Newton S, Knox M and Castellanos A. 
Impact of community-wide police car deployment of automated external defibrillators on survival from out-of-
hospital cardiac arrest. Circulation. 2002;106:1058-64. 

74. Groh WJ, Newman MM, Beal PE, Fineberg NS and Zipes DP. Limited response to cardiac arrest by police 
equipped with automated external defibrillators: lack of survival benefit in suburban and rural Indiana--the 
police as responder automated defibrillation evaluation (PARADE). Academic emergency medicine : official 
journal of the Society for Academic Emergency Medicine. 2001;8:324-30. 

75. Saner H, Morger C, Eser P and von Planta M. Dual dispatch early defibrillation in out-of-hospital cardiac 
arrest in a mixed urban-rural population. Resuscitation. 2013. 

76. Mosesso VN, Jr., Davis EA, Auble TE, Paris PM and Yealy DM. Use of automated external defibrillators by 
police officers for treatment of out-of-hospital cardiac arrest. Annals of emergency medicine. 1998;32:200-7. 

77. Stiell IG, Wells GA, Field BJ, Spaite DW, De Maio VJ, Ward R, Munkley DP, Lyver MB, Luinstra LG, 
Campeau T, Maloney J and Dagnone E. Improved out-of-hospital cardiac arrest survival through the 
inexpensive optimization of an existing defibrillation program: OPALS study phase II. Ontario Prehospital 
Advanced Life Support. JAMA : the journal of the American Medical Association. 1999;281:1175-81. 

78. Hallstrom AP, Ornato JP, Weisfeldt M, Travers A, Christenson J, McBurnie MA, Zalenski R, Becker LB, 
Schron EB, Proschan M and Public Access Defibrillation Trial I. Public-access defibrillation and survival after 
out-of-hospital cardiac arrest. The New England journal of medicine. 2004;351:637-46. 

79. Page RL, Hamdan MH and McKenas DK. Defibrillation aboard a commercial aircraft. Circulation. 
1998;97:1429-30. 



 

VARIOUS ASPECTS OF TREATMENT IN CARDIAC ARREST 45 
 

80. Stiell IG, Wells GA, Field B, Spaite DW, Nesbitt LP, De Maio VJ, Nichol G, Cousineau D, Blackburn J, 
Munkley D, Luinstra-Toohey L, Campeau T, Dagnone E, Lyver M and Ontario Prehospital Advanced Life 
Support Study G. Advanced cardiac life support in out-of-hospital cardiac arrest. The New England journal of 
medicine. 2004;351:647-56. 

81. Holmberg M, Holmberg S and Herlitz J. Low chance of survival among patients requiring adrenaline 
(epinephrine) or intubation after out-of-hospital cardiac arrest in Sweden. Resuscitation. 2002;54:37-45. 

82. Jacobs IG, Finn JC, Jelinek GA, Oxer HF and Thompson PL. Effect of adrenaline on survival in out-of-
hospital cardiac arrest: A randomised double-blind placebo-controlled trial. Resuscitation. 2011;82:1138-43. 

83. Olasveengen TM, Sunde K, Brunborg C, Thowsen J, Steen PA and Wik L. Intravenous drug administration 
during out-of-hospital cardiac arrest: a randomized trial. JAMA : the journal of the American Medical 
Association. 2009;302:2222-9. 

84. Kudenchuk PJ, Cobb LA, Copass MK, Cummins RO, Doherty AM, Fahrenbruch CE, Hallstrom AP, Murray 
WA, Olsufka M and Walsh T. Amiodarone for resuscitation after out-of-hospital cardiac arrest due to 
ventricular fibrillation. The New England journal of medicine. 1999;341:871-8. 

85. Dorian P, Cass D, Schwartz B, Cooper R, Gelaznikas R and Barr A. Amiodarone as compared with lidocaine 
for shock-resistant ventricular fibrillation. The New England journal of medicine. 2002;346:884-90. 

86. Hasegawa K, Hiraide A, Chang Y and Brown DF. Association of prehospital advanced airway management 
with neurologic outcome and survival in patients with out-of-hospital cardiac arrest. JAMA : the journal of the 
American Medical Association. 2013;309:257-66. 

87. Hanif MA, Kaji AH and Niemann JT. Advanced airway management does not improve outcome of out-of-
hospital cardiac arrest. Academic emergency medicine : official journal of the Society for Academic Emergency 
Medicine. 2010;17:926-31. 

88. Neumar RW, Nolan JP, Adrie C, Aibiki M, Berg RA, Bottiger BW, Callaway C, Clark RS, Geocadin RG, 
Jauch EC, Kern KB, Laurent I, Longstreth WT, Jr., Merchant RM, Morley P, Morrison LJ, Nadkarni V, 
Peberdy MA, Rivers EP, Rodriguez-Nunez A, Sellke FW, Spaulding C, Sunde K and Vanden Hoek T. Post-
cardiac arrest syndrome: epidemiology, pathophysiology, treatment, and prognostication. A consensus 
statement from the International Liaison Committee on Resuscitation (American Heart Association, Australian 
and New Zealand Council on Resuscitation, European Resuscitation Council, Heart and Stroke Foundation of 
Canada, InterAmerican Heart Foundation, Resuscitation Council of Asia, and the Resuscitation Council of 
Southern Africa); the American Heart Association Emergency Cardiovascular Care Committee; the Council on 
Cardiovascular Surgery and Anesthesia; the Council on Cardiopulmonary, Perioperative, and Critical Care; the 
Council on Clinical Cardiology; and the Stroke Council. Circulation. 2008;118:2452-83. 

89. Sunde K, Pytte M, Jacobsen D, Mangschau A, Jensen LP, Smedsrud C, Draegni T and Steen PA. 
Implementation of a standardised treatment protocol for post resuscitation care after out-of-hospital cardiac 
arrest. Resuscitation. 2007;73:29-39. 

90. McCullough JN, Zhang N, Reich DL, Juvonen TS, Klein JJ, Spielvogel D, Ergin MA and Griepp RB. Cerebral 
metabolic suppression during hypothermic circulatory arrest in humans. The Annals of thoracic surgery. 
1999;67:1895-9; discussion 1919-21. 

91. Gega A, Rizzo JA, Johnson MH, Tranquilli M, Farkas EA and Elefteriades JA. Straight deep hypothermic 
arrest: experience in 394 patients supports its effectiveness as a sole means of brain preservation. The Annals of 
thoracic surgery. 2007;84:759-66; discussion 766-7. 

92. Gunn AJ and Thoresen M. Hypothermic neuroprotection. NeuroRx : the journal of the American Society for 
Experimental NeuroTherapeutics. 2006;3:154-69. 

93. Froehler MT and Geocadin RG. Hypothermia for neuroprotection after cardiac arrest: mechanisms, clinical 
trials and patient care. Journal of the neurological sciences. 2007;261:118-26. 



 

46 PER NORDBERG 
 

94. Bernard SA, Gray TW, Buist MD, Jones BM, Silvester W, Gutteridge G and Smith K. Treatment of comatose 
survivors of out-of-hospital cardiac arrest with induced hypothermia. The New England journal of medicine. 
2002;346:557-63. 

95. Mild therapeutic hypothermia to improve the neurologic outcome after cardiac arrest. The New England 
journal of medicine. 2002;346:549-56. 

96. Nielsen N, Wetterslev J, Cronberg T, Erlinge D, Gasche Y, Hassager C, Horn J, Hovdenes J, Kjaergaard J, 
Kuiper M, Pellis T, Stammet P, Wanscher M, Wise MP, Aneman A, Al-Subaie N, Boesgaard S, Bro-Jeppesen 
J, Brunetti I, Bugge JF, Hingston CD, Juffermans NP, Koopmans M, Kober L, Langorgen J, Lilja G, Moller 
JE, Rundgren M, Rylander C, Smid O, Werer C, Winkel P, Friberg H and Investigators TTMT. Targeted 
temperature management at 33 degrees C versus 36 degrees C after cardiac arrest. The New England journal of 
medicine. 2013;369:2197-206. 

97. Abella BS, Zhao D, Alvarado J, Hamann K, Vanden Hoek TL and Becker LB. Intra-arrest cooling improves 
outcomes in a murine cardiac arrest model. Circulation. 2004;109:2786-91. 

98. Kuboyama K, Safar P, Radovsky A, Tisherman SA, Stezoski SW and Alexander H. Delay in cooling negates 
the beneficial effect of mild resuscitative cerebral hypothermia after cardiac arrest in dogs: a prospective, 
randomized study. Critical care medicine. 1993;21:1348-58. 

99. Bernard SA, Smith K, Cameron P, Masci K, Taylor DM, Cooper DJ, Kelly AM, Silvester W and Rapid 
Infusion of Cold Hartmanns I. Induction of therapeutic hypothermia by paramedics after resuscitation from 
out-of-hospital ventricular fibrillation cardiac arrest: a randomized controlled trial. Circulation.  
2010;122:737-42. 

100. Kim F, Nichol G, Maynard C, Hallstrom A, Kudenchuk PJ, Rea T, Copass MK, Carlbom D, Deem S, 
Longstreth WT, Jr., Olsufka M and Cobb LA. Effect of Prehospital Induction of Mild Hypothermia on 
Survival and Neurological Status Among Adults With Cardiac Arrest: A Randomized Clinical Trial. JAMA : 
the journal of the American Medical Association. 2013. 

101. Bruel C, Parienti JJ, Marie W, Arrot X, Daubin C, Du Cheyron D, Massetti M and Charbonneau P. Mild 
hypothermia during advanced life support: a preliminary study in out-of-hospital cardiac arrest. Critical care. 
2008;12:R31. 

102. Kamarainen A, Virkkunen I, Tenhunen J, Yli-Hankala A and Silfvast T. Induction of therapeutic hypothermia 
during prehospital CPR using ice-cold intravenous fluid. Resuscitation. 2008;79:205-11. 

103. Rittenberger JC, Raina K, Holm MB, Kim YJ and Callaway CW. Association between Cerebral Performance 
Category, Modified Rankin Scale, and discharge disposition after cardiac arrest. Resuscitation.  
2011;82:1036-40. 

104. Spaulding CM, Joly LM, Rosenberg A, Monchi M, Weber SN, Dhainaut JF and Carli P. Immediate coronary 
angiography in survivors of out-of-hospital cardiac arrest. The New England journal of medicine. 
1997;336:1629-33. 

105. Dumas F, Cariou A, Manzo-Silberman S, Grimaldi D, Vivien B, Rosencher J, Empana JP, Carli P, Mira JP, 
Jouven X and Spaulding C. Immediate percutaneous coronary intervention is associated with better survival 
after out-of-hospital cardiac arrest: insights from the PROCAT (Parisian Region Out of hospital Cardiac 
ArresT) registry. Circulation Cardiovascular interventions. 2010;3:200-7. 

106. Hollenbeck RD, McPherson JA, Mooney MR, Unger BT, Patel NC, McMullan PW, Jr., Hsu CH, Seder DB 
and Kern KB. Early cardiac catheterization is associated with improved survival in comatose survivors of 
cardiac arrest without STEMI. Resuscitation. 2014;85:88-95. 

107. Skrifvars MB, Pettila V, Rosenberg PH and Castren M. A multiple logistic regression analysis of in-hospital 
factors related to survival at six months in patients resuscitated from out-of-hospital ventricular fibrillation. 
Resuscitation. 2003;59:319-28. 



 

VARIOUS ASPECTS OF TREATMENT IN CARDIAC ARREST 47 
 

108. Langhelle A, Tyvold SS, Lexow K, Hapnes SA, Sunde K and Steen PA. In-hospital factors associated with 
improved outcome after out-of-hospital cardiac arrest. A comparison between four regions in Norway. 
Resuscitation. 2003;56:247-63. 

109. Knafelj R, Radsel P, Ploj T and Noc M. Primary percutaneous coronary intervention and mild induced 
hypothermia in comatose survivors of ventricular fibrillation with ST-elevation acute myocardial infarction. 
Resuscitation. 2007;74:227-34. 

110. Guan J, Barbut D, Wang H, Li Y, Tsai MS, Sun S, Inderbitzen B, Weil MH and Tang W. A comparison 
between head cooling begun during cardiopulmonary resuscitation and surface cooling after resuscitation in a 
pig model of cardiac arrest. Critical care medicine. 2008;36:S428-33. 

111. Wolfson MR, Malone DJ, Wu J, Hoffman J, Rozenberg A, Shaffer TH and Barbut D. Intranasal 
perfluorochemical spray for preferential brain cooling in sheep. Neurocritical care. 2008;8:437-47. 

112. Wang H, Barbut D, Tsai MS, Sun S, Weil MH and Tang W. Intra-arrest selective brain cooling improves 
success of resuscitation in a porcine model of prolonged cardiac arrest. Resuscitation. 2010;81:617-21. 

113. Yu T, Barbut D, Ristagno G, Cho JH, Sun S, Li Y, Weil MH and Tang W. Survival and neurological outcomes 
after nasopharyngeal cooling or peripheral vein cold saline infusion initiated during cardiopulmonary 
resuscitation in a porcine model of prolonged cardiac arrest. Critical care medicine. 2010;38:916-21. 

114. Busch HJ, Eichwede F, Fodisch M, Taccone FS, Wobker G, Schwab T, Hopf HB, Tonner P, Hachimi-Idrissi 
S, Martens P, Fritz H, Bode C, Vincent JL, Inderbitzen B, Barbut D, Sterz F and Janata A. Safety and 
feasibility of nasopharyngeal evaporative cooling in the emergency department setting in survivors of cardiac 
arrest. Resuscitation. 2010;81:943-9. 

115. The Council of Official Statistics in Sweden.  http://www.ssd.scb.se/databaser/makro/start.asp?lang=2 
(accessed March 31st, 2013). 

116. Yasunaga H, Miyata H, Horiguchi H, Tanabe S, Akahane M, Ogawa T, Koike S and Imamura T. Population 
density, call-response interval, and survival of out-of-hospital cardiac arrest. International journal of health 
geographics. 2011;10:26. 

117. Sjoberg F and Walther S. Intensive care registries and the evolution of the concept of 'quality of care' - 
reflections from the 10-year anniversary symposium of the Swedish Intensive Care Registry. Acta 
anaesthesiologica Scandinavica. 2012;56:1073-7. 

118. Jernberg T, Attebring MF, Hambraeus K, Ivert T, James S, Jeppsson A, Lagerqvist B, Lindahl B, Stenestrand 
U and Wallentin L. The Swedish Web-system for enhancement and development of evidence-based care in 
heart disease evaluated according to recommended therapies (SWEDEHEART). Heart. 2010;96:1617-21. 

119. Bardy GH. A critic's assessment of our approach to cardiac arrest. The New England journal of medicine. 
2011;364:374-5. 

120. Kitamura T, Iwami T, Kawamura T, Nagao K, Tanaka H, Berg RA, Hiraide A, Implementation Working 
Group for All-Japan Utstein Registry of the F and Disaster Management A. Time-dependent effectiveness of 
chest compression-only and conventional cardiopulmonary resuscitation for out-of-hospital cardiac arrest of 
cardiac origin. Resuscitation. 2011;82:3-9. 

121. Cummins RO, Eisenberg MS, Hallstrom AP and Litwin PE. Survival of out-of-hospital cardiac arrest with 
early initiation of cardiopulmonary resuscitation. The American journal of emergency medicine. 1985;3:114-9. 

122. Herlitz J, Svensson L, Holmberg S, Angquist KA and Young M. Efficacy of bystander CPR: intervention by 
lay people and by health care professionals. Resuscitation. 2005;66:291-5. 

123. Wik L, Steen PA and Bircher NG. Quality of bystander cardiopulmonary resuscitation influences outcome 
after prehospital cardiac arrest. Resuscitation. 1994;28:195-203. 

124. Wik L, Kramer-Johansen J, Myklebust H, Sorebo H, Svensson L, Fellows B and Steen PA. Quality of 
cardiopulmonary resuscitation during out-of-hospital cardiac arrest. JAMA : the journal of the American 
Medical Association. 2005;293:299-304. 



 

48 PER NORDBERG 
 

125. Kramer-Johansen J, Myklebust H, Wik L, Fellows B, Svensson L, Sorebo H and Steen PA. Quality of out-of-
hospital cardiopulmonary resuscitation with real time automated feedback: a prospective interventional study. 
Resuscitation. 2006;71:283-92. 

126. Stromsoe A, Svensson L, Axelsson AB, Goransson K, Todorova L and Herlitz J. Validity of reported data in 
the Swedish Cardiac Arrest Register in selected parts in Sweden. Resuscitation. 2013;84:952-6. 

127. Edelson DP, Abella BS, Kramer-Johansen J, Wik L, Myklebust H, Barry AM, Merchant RM, Hoek TL, Steen 
PA and Becker LB. Effects of compression depth and pre-shock pauses predict defibrillation failure during 
cardiac arrest. Resuscitation. 2006;71:137-45. 

128. Yu T, Weil MH, Tang W, Sun S, Klouche K, Povoas H and Bisera J. Adverse outcomes of interrupted 
precordial compression during automated defibrillation. Circulation. 2002;106:368-72. 

129. Waalewijn RA, de Vos R, Tijssen JG and Koster RW. Survival models for out-of-hospital cardiopulmonary 
resuscitation from the perspectives of the bystander, the first responder, and the paramedic. Resuscitation. 
2001;51:113-22. 

130. O'Rourke MF, Donaldson E and Geddes JS. An airline cardiac arrest program. Circulation. 1997;96:2849-53. 
131. Vukmir RB. The influence of urban, suburban, or rural locale on survival from refractory prehospital cardiac 

arrest. The American journal of emergency medicine. 2004;22:90-3. 
132. Takei Y, Nishi T, Matsubara H, Hashimoto M and Inaba H. Factors associated with quality of bystander CPR: 

The presence of multiple rescuers and bystander-initiated CPR without instruction. Resuscitation. 2013. 
133. Perkins G and Lockey A. The advanced life support provider course. BMJ. 2002;325:S81. 
134. Abella BS, Sandbo N, Vassilatos P, Alvarado JP, O'Hearn N, Wigder HN, Hoffman P, Tynus K, Vanden Hoek 

TL and Becker LB. Chest compression rates during cardiopulmonary resuscitation are suboptimal: a 
prospective study during in-hospital cardiac arrest. Circulation. 2005;111:428-34. 

135. Strote JA, Maynard C, Olsufka M, Nichol G, Copass MK, Cobb LA and Kim F. Comparison of role of early 
(less than six hours) to later (more than six hours) or no cardiac catheterization after resuscitation from out-of-
hospital cardiac arrest. The American journal of cardiology. 2012;109:451-4. 

136. Bro-Jeppesen J, Kjaergaard J, Wanscher M, Pedersen F, Holmvang L, Lippert FK, Moller JE, Kober L and 
Hassager C. Emergency coronary angiography in comatose cardiac arrest patients: do real-life experiences 
support the guidelines? European heart journal Acute cardiovascular care. 2012;1:291-301. 

137. Anyfantakis ZA, Baron G, Aubry P, Himbert D, Feldman LJ, Juliard JM, Ricard-Hibon A, Burnod A, 
Cokkinos DV and Steg PG. Acute coronary angiographic findings in survivors of out-of-hospital cardiac 
arrest. American heart journal. 2009;157:312-8. 

138. Laver S, Farrow C, Turner D and Nolan J. Mode of death after admission to an intensive care unit following 
cardiac arrest. Intensive care medicine. 2004;30:2126-8. 

139. Arrich J, Holzer M, Havel C, Mullner M and Herkner H. Hypothermia for neuroprotection in adults after 
cardiopulmonary resuscitation. The Cochrane database of systematic reviews. 2012;9:CD004128. 

140. Arrich J and European Resuscitation Council Hypothermia After Cardiac Arrest Registry Study G. Clinical 
application of mild therapeutic hypothermia after cardiac arrest. Critical care medicine. 2007;35:1041-7. 

141. Sterz F, Safar P, Tisherman S, Radovsky A, Kuboyama K and Oku K. Mild hypothermic cardiopulmonary 
resuscitation improves outcome after prolonged cardiac arrest in dogs. Critical care medicine. 1991;19:379-89. 

142. Nozari A, Safar P, Stezoski SW, Wu X, Kostelnik S, Radovsky A, Tisherman S and Kochanek PM. Critical 
time window for intra-arrest cooling with cold saline flush in a dog model of cardiopulmonary resuscitation. 
Circulation. 2006;113:2690-6. 

143. Walpoth BH, Walpoth-Aslan BN, Mattle HP, Radanov BP, Schroth G, Schaeffler L, Fischer AP, von Segesser 
L and Althaus U. Outcome of survivors of accidental deep hypothermia and circulatory arrest treated with 
extracorporeal blood warming. The New England journal of medicine. 1997;337:1500-5. 

144. Gilbert M, Busund R, Skagseth A, Nilsen PA and Solbo JP. Resuscitation from accidental hypothermia of 13.7 
degrees C with circulatory arrest. Lancet. 2000;355:375-6. 



 

VARIOUS ASPECTS OF TREATMENT IN CARDIAC ARREST 49 
 

145. Che D, Li L, Kopil CM, Liu Z, Guo W and Neumar RW. Impact of therapeutic hypothermia onset and 
duration on survival, neurologic function, and neurodegeneration after cardiac arrest. Critical care medicine. 
2011;39:1423-30. 

146. Kim F, Olsufka M, Longstreth WT, Jr., Maynard C, Carlbom D, Deem S, Kudenchuk P, Copass MK and 
Cobb LA. Pilot randomized clinical trial of prehospital induction of mild hypothermia in out-of-hospital 
cardiac arrest patients with a rapid infusion of 4 degrees C normal saline. Circulation. 2007;115:3064-70. 

147. Yannopoulos D, Zviman M, Castro V, Kolandaivelu A, Ranjan R, Wilson RF and Halperin HR. Intra-
cardiopulmonary resuscitation hypothermia with and without volume loading in an ischemic model of cardiac 
arrest. Circulation. 2009;120:1426-35. 

148. Nordberg P, Taccone FS, Castren M, Truhlar A, Desruelles D, Forsberg S, Hollenberg J, Vincent JL and 
Svensoon L. Design of the PRINCESS trial: pre-hospital resuscitation intra-nasal cooling effectiveness 
survival study (PRINCESS). BMC emergency medicine. 2013;13:21. 

149. Deasy C, Bernard S, Cameron P, Jacobs I, Smith K, Hein C, Grantham H, Finn J and investigators R. Design 
of the RINSE trial: the rapid infusion of cold normal saline by paramedics during CPR. BMC emergency 
medicine. 2011;11:17. 

150. Fontaine NR, B. Directive/20/EC of the European Parliament and Council of 4th April 2001 on the 
approximation of the laws, regulations and administrative provisions of the Member States relating to the 
implementation of good clinical practice in the conduct of trials on medical products for human use. Off J Eur 
Commun 212 (2001) (34 - 44). 

151. U.S. Department of Health and Human Services, Protection of Human Subjects: Informed Consent and Waiver 
of Informed Consent Requirements in Certain Emergency Research. Final Rules. Codified at 21 CFR, Part 50, 
and 45 CFR, Part 46. Fed Regist 1996;61:51500–33. 




