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2 Abstract 

Background: 

Sudden death due to out-of-hospital cardiac arrest (OHCA) remains a major health issue with 

estimated 250-300.000 cases in Europe/year. Survival depends on a well-functioning Chain of 

Survival. The Chain of Survival concept of early access, early cardiopulmonary resuscitation 

(CPR), early defibrillation and good post-resuscitation care is the documented and 

recommended guide for improving outcome after OHCA. I aimed to assess if targeted 

attempts to strengthen the weak links of our local chain; quality of advanced life support 

(ALS) and post-resuscitation care, would improve outcome in paper I. Physician-manned 

ambulances (PMAs) is believed to facilitate optimal management of OHCA but had not been 

sufficiently documented and paper II investigates if there is increased survival among patients 

treated by a PMA in our local emergency medicine system (EMS). As further improvement in 

survival rates after OHCA remains a challenge, I aimed to investigate the early links in the 

Chain of Survival, bystander CPR and CPR training in paper III. One of the most important 

strategies is to identify the arrest immediately and initiate CPR. Quality of bystander CPR 

skills may influence OHCA outcomes. Consequently, CPR training for the public is of utmost 

importance. Bystanders trained in CPR are three times as likely to perform CPR than those 

untrained.  

 

Methods:  

 

Locally adapted Utstein style forms, dispatcher recordings, and ambulance-/hospital records 

were collected and reviewed. Outcome categories were non- survival/survival to hospital 

discharge with cerebral performance categories (CPC) for both paper I and II. Values for 

parametric data are given as means with standard deviations. Comparisons of continuous data 

were analysed by one-way analysis of variance (ANOVA) for parametric data in paper II. 

Categorical data were analysed using linear by linear associations for trends over time periods 

in paper I. p-Values ≤ 0.05 were considered significant. To recruit study participants for the 

bystander CPR part of the study (paper III), 237 soldiers from the Norwegian armed forces 

were invited to participate. 125 had basic training (group I), 84 reported advanced training 
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(group II), and 28 advanced training plus additional courses (group III). The participants’ real-

life CPR experience and self-reported CPR skills was recorded, and then assessed on selected 

CPR quality indicators on a manikin. The data were analysed with multivariate logistic 

regression. Differences between groups were analysed with ANOVA/Multivariate analysis of 

variance (MANOVA) 

 

Results:  

 

ALS was attempted in 454, 449, and 417 patients with OHCA in the first, second and last 

time period, respectively in paper I. Overall survival increased from 7% (first period) to 13% 

(last period). 977 patients were included in analyses in paper II, 232 (24%) and 741 (76%) 

were treated by PMA and non-PMA, respectively. The PMA group received better CPR 

quality but short- and long-term survival were not different for patients treated by the PMA 

vs. non-PMA, with 34% vs. 33% (p = 0.74) achieving return of spontaneous circulation 

(ROSC), and 13% vs. 11% (p = 0.28) being discharged from hospital, respectively. In paper 

III, group II (advanced life support training) and group III (advanced life support training and 

additional courses) had shorter start-up time, better compression depth and hand positioning, 

higher fraction of effective rescue ventilations, shorter hands-off time, and thus a higher chest 

compression fraction than group I (basic life support training). Chest compression rate did not 

differ between groups. The participants in group I assessed their own skills and preparedness 

significantly lower than groups II and III both before and after the test.  

 

Conclusion: 

Survival after OHCA was increased after improving weak links of our local Chain of 

Survival. Survival after out-of-hospital cardiac arrest was not different for patients treated by 

the PMA and non-PMA in our EMS system. Training of non-professional bystanders is 

necessary and even basic training can provide high quality compressions. High quality airway 

management and ventilations seem to require more extensive training. Self- assessments of 

CPR ability correlated well to actual test performance and may have a role in probing CPR 

skills in students.  



 

 

  

 

11 

 

 

3 Abbreviations 

ACLS = Advanced Cardiac Life Support 

AHA = American Heart Association  

ANOVA= Analysis of Variance 

ALS = Advanced Life Support (the same as ACLS; ACLS in US, ALS in Europe) 

CI = Confidence Interval 

CPC = Cerebral Performance Category  

CPR = Cardiopulmonary resuscitation 

ECG = Electrocardiography 

ED = Emergency Department 

EMS = Emergency Medical Services  

ERC = European Resuscitation Council 

IEMR = Institute for Experimental Medical Research  

IHCA= In-Hospital Cardiac Arrest 

ILCOR= International Liaison Committee on Resuscitation 

OHCA=Out-of-hospital cardiac arrest 

OPC = Overall Performance Category  

OUH = Oslo University Hospital 

OUHU= Oslo University Hospital Ullevål 

OR= Odds Ratio 

MANOVA= Multivariate Analysis of Variance 
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PCI = Percutaneous Coronary Intervention 

PEA = Pulseless Electrical Activity 

ROSC = Return of Spontaneous Circulation  

VF = Ventricular Fibrillation 

VT = Pulseless Ventricular Tachycardia 
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5 Introduction 

 

5.1 Cardiac Arrest 

 

Cardiac arrest is a cessation of cardiac mechanical activity making the pump function in the 

heart unable to deliver blood and oxygen to vital organs; a highly time-critical medical 

emergency. (1) Patients who are unresponsive and not breathing normally should be 

presumed to be in cardiac arrest.  

Cardiac arrest events are often categorized into out-of-hospital cardiac arrest (OHCA) and in-

hospital-cardiac-arrest (IHCA). The key distinctions between IHCA and OHCA are; more 

medical comorbidities, more witnessed arrests and more professional first responders in 

IHCA. Resuscitation guidelines do not differ much between IHCA and OHCA but due to the 

mentioned differences, they need to be considered as different populations. (2)  

Cardiac disease is the most frequent aetiology in OHCA in the western world. Acute ischemia 

due to coronary artery disease is most common (70%-85%). (3-5)  Cardiac aetiologies also 

include arrhythmias, heart failure, valve disease and congenital heart disease. (6, 7) Non-

cardiac aetiologies include strangulation, intracerebral events, trauma, drowning, intoxication, 

asphyxia, electrocution and primary respiratory arrests. (6, 8)  

OHCA is a major cause of death globally, but due to large regional variations to uniform 

reporting of incidence and outcome measures, the exact burden to public health globally is 

unknown.  The estimated worldwide, overall incidence of OHCA is correlated with age, and 

between 60 and 100 patients per 100 000 inhabitants suffers from OHCA every year.(9-11)  

In 2005 the incidence of OHCA in Europe was reported 38 per 100 000. (4) The European 

Registry of Cardiac arrest (EuReCa) was established as a project in 2008, and studies from 

this project implies higher incidence (36-86 per 100 000) and estimates that more than 

350.000 Europeans suffers from OHCA yearly. (12) Current results from the EuReCa TWO 

study, confirmed large variations in OHCA incidents across Europe 21-91/100,000 with a 

mean incident of 56/100.000. (13) The Norwegian cardiac arrest registry reported that 3405 

patients suffered from OHCA in 2020, an incidence of 70/100.000. (14) 
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The ECG patterns during cardiac arrest events are either shockable (ventricular fibrillation VF 

and pulseless ventricular tachycardia VT) or non-shockable rhythms (asystole and pulseless 

electrical activity-PEA). In ventricular fibrillation (VF), or pulseless ventricular tachycardia 

(VT), parts of the ventricular myocardium depolarize erratically in an uncoordinated manner, 

and these rapid electrical impulses are causing myocardial fibrillation without production of 

blood flow to vital organs. (15, 16) Shockable rhythms are mainly associated with cardiac 

causes, 3-12% of cases of myocardial infarction (MI) develop VF during the acute phase. (17, 

18) The incidence of VF/VT has gradually decreased over the last decades, probably due to 

better treatment of coronary heart disease. (19-21) 

Non-shockable rhythms include all other ECG patterns, most commonly referred to as 

pulseless electric activity (PEA) or asystole (no detectable ECG rhythm, a flat line). Non-

shockable rhythms are frequently related to underlying non-cardiac aetiology, and the 

prognosis for survival with neurological favourable outcome is poorer than for shockable 

rhythms. Particularly is this the case if an underlying reversible cause is not found and treated. 

Common aetiology for an initial non-shockable rhythm is hypoxia, but non-shockable 

rhythms may also occur in end-stage VF if untreated or when the treatment is unsuccessful. 

(22) 

Improved survival after implementation of quality improvement strategies are shown in a 

several regions over the last 15 years. (23, 24) Early defibrillation, increased rates of 

bystander cardiopulmonary resuscitation (CPR) and structured and high-quality post-

resuscitation care are important contributions to this increase in survival.  (25-28) 

 

This PhD thesis is based on three studies exploring potential and known factors impacting 

survival after OHCA. 
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5.2 History of cardiopulmonary resuscitation and advanced 
cardiac life support  

 

Examining the history of resuscitation is useful to understand the evolution up until modern 

practice. Development has been driven forward by rejection of inexpedient techniques, 

adaptions to useful and successful interventions and even cyclic process of abandonment and 

subsequent rediscovery. (29) 

Cardiopulmonary resuscitation (CPR) was first described by the Hungarian surgeon Janos 

Balassa in 1858 who performed external chest compressions. (30) The first successful 

resuscitation was performed by the German surgeon Friedrich Maas in 1892, more than a 

century ago. Maas also described the importance of minimal hands-off time and concluded 

that it was important to make as few pauses in compressions as possible.  This is still a valid 

quality parameter of CPR. (31) 

We do have contributions to the history of resuscitation from Tromsø as well, as the surgeon 

Kristian Igelsrud performed the first documented successful open-heart compression in 

history. The event did not get much attention, and Igelsrud did little to make sure it did. 

Igelsrud's operation is one of the most important contributions by a Norwegian to the 

development of anaesthesiology and resuscitation. (32)  

The practice of medicine made a slow progress toward use of effective cardiopulmonary 

resuscitative methods. External chest compressions was not mentioned in the literature for a 

long time until it was described in 1960 by Kouwenhoven, Jude and Knickerbocker. (33) 

Mouth-to-mouth ventilation was first described in resuscitation in 1744. (30) Use of expired 

air for resuscitation was discredited later in the 18th century when Lavoisier revealed the role 

of oxygen in respiration. (34) Maybe the world was not ready to be convinced as the 

physiological basis of cardiac arrest was not yet understood.  

Expired air was considered not being adequate until Safar, Gordon and Elam showed that 

expired air indeed contained enough oxygen for expedient mouth-to-mouth ventilation. (35-

38) In the 1960s Safar, Jude, Kouwenhoven and Hackett published treatment of cardiac arrest 

patients with the combination of chest compressions and artificial mouth-to-mouth ventilation 
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that we recognize as basic CPR.(36) Kouwenhoven provided the first clinical evidence of 

efficacy of external manual chest compressions in 1960. (33) Safar published the first “chain 

of survival” and described several treatment steps for patients with cardiac arrest, starting 

with chest compressions and ventilations and proceeding to intensive care treatment, 

including therapeutic hypothermia in 1967. (39) 

The basic principles of chest compressions and artificial ventilation has remained essentially 

unchanged since the 1960s. Modern CPR was developed by the joined efforts of Elam and 

Safar (37) and Kouwenhoven, Jude and Knickerbocker who rediscovered the effectiveness of 

external chest compressions.(33) With the development and use of defibrillators, modern CPR 

was complete.(36) The limitation of use of defibrillators until the 1960’s was mainly because 

of the need of heavy transformers to produce alternate current and the influence of this on 

portability.  When switched from alternate to direct current in the defibrillators around 1960, 

it was possible to power the defibrillators by batteries and the defibrillators became portable. 

(40) The Irish cardiologist Pantridge described successful out-of-hospital defibrillation in 

1967. (41) The same year, the Irish Heart Foundation sponsored training of the first non-

medical ambulance personnel to use a defibrillator for pre-hospital cardiac arrest. (42)  

Today, automatic defibrillators are small, portable and available in public areas, and we know 

that early defibrillation by lay rescuers or first responders improves survival after OHCA. (43, 

44)  

Pre-hospital advanced life support (ALS) started with the use of a coronary care ambulance 

initiated by Pantridge in Belfast. (41) As most sudden cardiac patients died before they even 

reached the hospital, he thought that advanced physician-led treatment should be brought out 

to the patient. In his landmark publication he described six survivors among the ten patients 

who were resuscitated from OHCA. (41)  The Belfast program with a physician-manned 

coronary unit ambulance was a revolution in prehospital emergency care. Pantridge visited 

the United States, and intensive care ambulances like the Belfast unit was established in 

several cities.  

An anaesthesiologist-manned ambulance was also providing advanced care in Oslo, Norway 

from 1967. Established by the Norwegian anaesthesiologists Lund and Skulberg. (45)  In 

Oslo, the anaesthesiologists working in the physician-manned ambulance, were over the years 
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moved into a main role as instructors, consultants and mentors, while anaesthesiologists 

working in the helicopter emergency service established in Norway in 1978 has a more active 

physician role, analogue to the services in France and Germany.  

As a cardiologist Pantridge focused on patients initially reporting chest pain and other 

coronary symptoms such as difficulties breathing and nausea. Lund and Skulberg in Oslo 

were anaesthesiologists and had a broader emergency care focus. Together with colleagues 

from Seattle they extended the physician- manned vehicle tasks to respond wide range of 

emergencies, even accidents and surgical emergencies. (45, 46)  The first article showing 

increased survival in OHCA when bystander CPR was taught to and provided by bystanders 

was published by Lund and Skulberg in 1976 (47). 

The tradition of incorporating physicians in emergency medicine systems were maintained in 

European EMS systems (in France and Germany in particular) during the 1970s, while an 

extended education of paramedics started in UK and US (48, 49)  

Clinical guidelines are defined by the Institute of Medicine as “systematically developed 

statements to assist practitioner and patient decisions about appropriate health care for 

specific clinical circumstances”. (50) 

An international Symposium on Emergency Resuscitation held in Stavanger in August 1961 

made the first official recommendations for resuscitation. (51) This led to the standard 

treatment recommendations from Cardiopulmonary Resuscitation Committee on CPR from 

the American Heart Association in 1966. (52) Based on today’s knowledge on bystander 

CPR, it is an interesting curiosity to read the first guidelines encouraging practice with 

manikins but disapproving of teaching resuscitation to laypersons out of concern for 

complications. (53)  

International awareness was further enhanced the following year when an International 

Symposium on Emergency Resuscitation was held in Oslo. (54, 55)  

To address the challenge of variations in resuscitation technique, particularly internationally, 

AHA invited in 1985 resuscitation leaders from many countries to initiate an international 
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collaboration (56) and at the 1992 AHA conference more than 40% of the participants were 

from outside the US. (57-60)  

The ERC had its first international conference in 1992. At the end of the conference, the 

International Liaison Committee on Resuscitation (ILCOR) was founded and held its first 

meeting. ILCOR coordinate members of guideline-producing organizations worldwide and 

has become the authoritative voice on the consensus on science behind national and 

international guidelines on resuscitation. (61)  

The 2010 International Consensus Conference involved 313 experts from 30 countries, 

culminating in the 2010 ILCOR recommendations and subsequent 2010 AHA and ERC 

guidelines (62-64)  

2010 Guidelines emphasized that chest compression should be initiated as soon as there is the 

slightest suspicion of cardiac arrest and should be continuous and uninterrupted in order to 

avoid cerebral low flow (28)  A ratio of 30:2 was recommended in European Resuscitation 

Council (ERC) Guidelines 2010 for the single CPR provider attempting resuscitation of an 

adult.  

In 2010 the introduction of a new additional phase of standardized post-resuscitation care in 

guidelines was included for the first time. (65) 

The most recent Consensus Conference when this dissertation was written was held in 2015. 

The most important evidence-based recommendations from the 2015 guidelines for BLS and 

ALS was focus on the EMS dispatcher’s critical role in identifying cardiac arrest, planning 

and coordination of public AED programs, emphasis on adequate rate and depth in 

compressions and minimizing pauses in CPR.  

New AHA guidelines are published late 2020. (66) European guidelines from ERC are 

scheduled to be published March 2021.  

Despite huge efforts to synchronize guidelines worldwide, slightly different guidelines are 

published in different parts of the world (e.g. from the ERC and AHA). For pedagogical and 

practical reasons, mainly due to arguments based on timing of drugs, the Norwegian 

Resuscitation Council (NRC) introduced a modified ALS algorithm with three minute cycles 
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of CPR instead of two minutes. (67) The effect of this discrepancy in guidelines has not been 

tested, but Norwegian studies with improved quality of ALS and survival seems to indicate no 

negative impact on outcome.(27, 68, 69) 
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5.3 Chain of survival  

 

The German anaesthesiologist Fritz Ahnefeld introduced the first outline of the universal 

concept of the ´Chain of Survival´ in a German publication in 1967 (“die 

Rettungskette”). (70) The modern concept of the “chain of survival” was presented by the 

American Heart Association in 1991, and implemented in the 1992 AHA guidelines. (71) (Fig 

1) 

The chain of survival states that survival from cardiac arrest depends on a sequence of time-

critical interventions. The concept emphasizes that all these interventions interact, and all 

links should be optimized to maximize the chance of survival. The original four links of the 

chain comprise:  

(1) The first early access link starts when a medical emergency is recognized and the 

activation of the emergency medical services (EMS) is initiated.  The access time starts when 

a person is witnessed collapsing or calls the emergency number with symptoms of a medical 

emergency. Recognition of early warning signs, such as chest pain and shortness of breath, 

that encourage patients to activate the emergency response system is a key component of this 

link. The first link in the chain of survival comprises time-critical events such as the decision 

to make the emergency call; the interrogation and recognition of a cardiac arrest by the 

dispatcher; the actual dispatch of a responding EMS and the response time before the 

ambulance reaches the patient. Rapid emergency medical dispatch is a critical component of 

the early access link. Several studies have addressed the training of the dispatcher in 

recognizing cardiac arrest, in order to reduce time loss in the dispatch to cardiac arrests. (72, 

73) 

 

(2) The second link is early CPR. Victims of cardiac arrest need immediate CPR to provide a 

low but critical blood flow to the heart and brain, and bystander CPR improves survival. (74) 

It also increases the likelihood that the heart will stay in VF if that rhythm was present from 

the beginning after collapse. (75) Chest compressions are especially important if a shock 

cannot be delivered within the first few minutes after collapse. (76, 77)  
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The rate of bystander CPR in OHCA has generally been reported as low but it varies widely. 

Though it has increased over the years; results from the European Registry of Cardiac arrest 

implies that bystander CPR rate varies 3-fold from 20% to 60% between participating 

countries (4, 78, 79). A prospective ten-year study from Denmark showed that an increase in 

survival following OHCA was significantly associated with a concomitant increase in 

bystander CPR (80). Dispatcher-assisted CPR (telephone-CPR) instructions have increased 

bystander CPR rates, and improved patient outcomes following OHCA. (81-83) Dispatchers 

should provide telephone-CPR instructions in all cases of suspected cardiac arrest unless a 

trained provider is already delivering CPR. Where instructions are required for an untrained 

CPR provider for an adult victim, dispatchers should provide chest compression-only CPR 

instructions. (77, 84)  

 

(3) The third link is early defibrillation to restore a perfusing rhythm. Defibrillation is by far 

the most effective treatment among the components recommended in the ERC and AHA 

guidelines. About 10-20% of defibrillation attempts will ultimately lead to a perfusing heart 

rhythm, but success rates rely heavily on the duration of cardiac arrest. (85-88) Chest 

compressions have been demonstrated to counteract some of the negative effects on shock 

success with time, and clinical investigations prompted changes in ERC and AHA guidelines. 

(89-91) Patients presenting with VF or pulseless VT are generally reported to have higher 

rates of survival to discharge, and in a systematic review as high as 14.8%- 23.0%. (92) 

Defibrillation within five minutes of a cardiac arrest event can increase survival rates as high 

as 50–70%. (93, 94) This may be achieved by public access Automated External 

Defibrillators (AEDs). AEDs are safe and efficient even when used by lay people with 

minimal training. (95, 96) A Dutch cohort showed doubling of neurologically favourable 

survival after OHCA when an onsite AED was used. (94) In most urban areas median 

response time for EMS is median 8-11 min. (19, 97, 98) During the response time survival of 

the cardiac arrest victim completely depends on the effort of bystanders. One-minute delay to 

defibrillation reduces the survival rate to discharge by 10–12%, but if bystander CPR is 

provided, it is less decline in survival rates and averages 3–4% per minute delay to 

defibrillation. (99-101) 
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(4) The last link in chain of survival is ALS and post resuscitation care. ALS includes 

advanced interventions during resuscitation and includes use of intravenous drugs, advanced 

airway devices and more advanced defibrillators. BLS will continue during and overlap with 

ALS interventions. Airway strategies include basic techniques such as bag-valve mask and 

oropharyngeal/nasopharyngeal airway and advanced options such as endotracheal intubation 

or various supraglottic airway devices. (102) 

Both the ERC and AHA Guidelines recommend that the airway management reflect the level 

of rescuer competence and emphasize skill training to avoid increased hands-off time, 

interrupted chest compressions and misplaced tubes and devices. These recommendations 

have remained the same during the latest guidelines revisions (62, 103-105) A recent 

systematic review performed by ILCOR Task Force still considers that the preferred airway 

option will likely be provider-dependent and also depend on the specific patient circumstance, but 

emphasizes the use of supraglottic airways in circumstances of providers with limited training or 

experience with endotracheal intubation.(106)  

Drugs used during ALS are mainly vasopressors and antiarrhythmics. The preferred 

vasopressor is adrenaline intravenously. For refractory VF/VT, after two unsuccessful shocks 

and still presence of VF, amiodarone is recommended. Atropine was recommended for 

asystole or PEA as first presenting rhythm but is taken out of the current guidelines due to 

very weak evidence of effect, and an aim to simplify the algorithm for non-shockable 

rhythms. Adrenaline and amiodarone are still included in guidelines, though there has been 

debated and shifting clinical and scientific evidence to support the use of any of the drugs 

during cardiac arrest. (105) ERC Guidelines for Resuscitation 2018 update is focused on the 

role of antiarrhythmic drugs during ALS for cardiac arrest with shock refractory ventricular 

fibrillation/pulseless ventricular tachycardia. This guideline update is focused on 

antiarrhythmic drugs and emphasizes beneficial effects on ROSC for amiodarone, and that 

these drugs are most effective when given early after the onset of cardiac arrest. (107) A 

recent meta-analysis has shown that the effects of adrenaline on ROSC are stronger for 

patients with initially non-shockable rhythm. (108)  The optimal timing for adrenaline in 

patients with shockable rhythms is unknown. 2020 ILCOR guidelines suggests administering 

adrenaline if initial defibrillation attempts is unsuccessful, but the best timing or number of 

shocks after which adrenaline should be administered remains unclear.(109) 
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Mechanical compression devices to assist circulation during cardiac arrest have been 

implemented in EMS around the world. These devices have been thought to have potential 

benefits such as releasing rescuers to perform other interventions during ALS, and the 

possibility to continue high-quality compressions during transport. (110) Several large 

randomized trials of mechanical devices during OHCA have been published (111-113), and 

meta-analysis has shown that the routine use of mechanical devices does not improve survival 

in OHCA. (114, 115) Current ERC and AHA guidelines suggest considering use of these 

mechanical devices in situations where manual compressions might be difficult such as CPR 

during transport to hospital in patients who fulfils inclusion criteria for percutaneous coronary 

intervention (PCI), extracorporeal membrane oxygenation (ECMO) or other treatment options 

to improve prognosis. (105, 116) 

Successful return of spontaneous circulation (ROSC) is the first step towards the goal of 

complete recovery from cardiac arrest. The complex pathophysiological processes following 

whole body ischemia due to cardiac arrest and the subsequent reperfusion response have been 

termed the post-cardiac arrest syndrome. (117) The post-resuscitation phase starts at the 

location where ROSC is achieved but, once stabilized, the patient is transferred to the most 

appropriate receiving hospital for continued diagnosis, monitoring and treatment. 

Implementation of standardized post resuscitation in-hospital treatment has shown increased 

survival and is included in the recent post-arrest care ERC guidelines. (118, 119)   

 

Figure 1 - Chain of survival. (Reproduced with permission Laerdal Medical) 
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5.4 Basic life support and cardiopulmonary resuscitation  

 

CPR training for the public is of utmost importance. External chest compressions and 

supported ventilation, either by mouth-to-mouth or bag-valve-mask are the core components 

of CPR. External chest compressions provide blood flow to the heart and brain, and two main 

theories are used to explain how; the cardiac pump theory and the thoracic pump theory.  

External compressions to the chest impact on the intrathoracic pressure thereby moving blood 

flow in and out of the thoracic cavity, and this is known as the thoracic pump theory. On the 

other hand, the cardiac pump theory is based on the direct pump mechanism induced by the 

direct force to the chest wall, pushing the heart between the sternum and the vertebrae, 

moving blood in and out of the heart. (120) The flow effect is probably a combination of both.  

The basic principle of all external chest compression is provision of a force on a given rate 

onto the chest wall to generate blood flow.  During decompression, the chest should recoil 

completely to facilitate filling of the heart.  This is emphasized in the 2015 basic life support 

guidelines. (105) 

The initial goal of CPR is to generate a substitute circulation and flow of blood and oxygen to 

the heart, brain and vital organs while the heart is unable to provide such by itself. Chest 

compressions are the first and simplest external circulatory support, followed by defibrillation 

as early as possible for shockable rhythms. CPR may cause a reperfusion to the heart and 

thereby a perfusing heart rhythm, but the main goal is to win time and delay ischemic injuries 

in vital organs while other treatments are planned and conducted.    

An animal study from 1986 estimates that high-quality, standardized CPR may provide 30% 

of normal circulation to the heart and 60% of normal circulation to the brain. (120)  

The gold standard in manual chest compressions during resuscitation is compressions with a 

frequency between 100 and 120 compressions/min and a compression depth of 5 cm. (121) 

Several studies show that even professional rescuers are not able to perform high quality chest 

compressions over a longer period of time without deteriorated quality. An earlier multi-centre 

study on adherence to CPR guidelines among paramedics revealed too shallow compressions, 

and were provided only 50% of the time, resulting in a low mean compression rate. (122) In a 
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2005 in-hospital study, chest compressions did not meet the recommended frequency in 30% 

of the cases and not the required depth in 40%. (123) Fatigue has been shown to start 

approximately after 1 min of CPR with a continuous drop in quality afterwards in another study. 

(121) During the first three minutes, compression depth and frequency has been shown to 

decrease significantly. (124) A manikin-RCT showed that a rest period was needed after two 

minutes of chest compressions to maintain good CPR quality. (125) A Norwegian study has 

shown that some providers of compressions are able to give high quality compressions for ten 

minutes without rest, but others cannot even give proper compressions from the start of CPR. 

It is important to pay attention to the provider of compressions and switch if the compressions 

become too shallow or the provider seem tired, no matter how long time they have been given 

compressions. (126) 

In the subgroup of witnessed cardiac arrest with ventricular fibrillation treated by professionals, 

initial immediate compression-only CPR, meaning continuous compressions while high flow 

oxygen provided through a conventional mask have shown to triple survival.(127) 

Compression-only CPR may be particularly beneficial in the early phases of CPR, but 

ventilations are still recommended as part of CPR in adult life support. (128) CPR providers 

should aim for an inflation duration of about 1 s, with enough volume to make the victim's chest 

rise, but avoid rapid or forceful breaths. The maximum interruption in chest compression to 

give two breaths should not exceed 10 seconds. (129)  

Bystanders’ role in resuscitation in OHCA patients is crucial. A recent study from UK showed 

that the one single most important factor to make increase people's willingness to act in the 

event of a cardiac arrest is training and education in CPR. There is a considerable opportunity 

to increase the proportion of the general population trained in CPR. (130)   
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5.5 Public BLS training in Norway 

 

 

A high proportion of the Norwegian population report being exposed to situations requiring 

first aid actions, and the large majority is willing to act.(131)   

As part of its latest guidelines, the European Resuscitation Council (ERC) recommends 

providing BLS training to every member of a community (132) BLS is recommended as part 

of the school curriculum, (133) and compulsory resuscitation training was introduced in 

Norwegian schools in 1961. (134)  

First aid training is part of the national school curriculum in Norway in grades 7 and 10. (131) 

Since 2003 first aid training has also been compulsory for obtaining a driver’s license. 

Employees in schools and kindergartens, and fishermen are required by law to be able to 

perform first aid. All other occupational groups are unregulated by Norwegian law, and only 

subject to their various occupational standards, if any. First aid guidelines are provided by the 

Norwegian First Aid Council, a cooperative body comprising non-government organizations 

and government agencies with focus on first aid training, and the Norwegian Resuscitation 

Council. 

An important arena for public BLS training is the mandatory BLS training for all conscripted 

soldiers in the Norwegian Armed Forces. 8000 young men and women are selected for initial 

compulsory military training each year.  

  



 

 

  

 

29 

5.6 Evaluation of BLS quality 

 

CPR quality affects OHCA outcome. Both adequate compression depth and rate as well as a 

high compression fraction (the proportion of the CPR time spent on chest compressions) have 

been shown to correlate with return of spontaneous circulation.(26, 135, 136) Monitoring, 

evaluation and feedback on rescuers’ performance improves chest compression quality. (137)   

As feedback is an essential part of BLS training, several devices are available to assess CPR 

performance during training (138, 139) 

For example, directive or audio feedback devices during training are recommended within the 

current 2015 ERC guidelines to improve the ability to perform CPR. (132) As such high-

fidelity devices may not be available in low-income environments or financially weak 

surroundings, a simpler method of assessment is needed to provide feedback on CPR 

performance in these settings. In 1999, Graham et al. tested a scoring system based on simple 

observation as an inexpensive but effective method to assess CPR performance. The results 

suggested that an observation-based scoring system is an objective method to reflect the 

ability to perform BLS. (140) 

A recent study used a simple ten-point checklist to assess BLS performance to evaluate if a 

checklist is a sufficient rating tool and an alternative instrument compared to Skill Reporting 

software for CPR quality measurement using BLS training manikins.( 1Undressed torso, 2 

Adequate minimum no-flow time (no longer than 2 s for two rescue breaths), 3 Correct hand 

position 4,Correct compression depth, 5 Correct compression rate, 6 Complete release 

between compressions, 7 Arms kept straight, 8 Vertical direction of compressions, 9 No delay 

to start CPR, 10 Compression-ventilation ratio of 30:2)(141) 

A simple observational checklist can be used to assess BLS quality and identify sufficient and 

insufficient performances. In order to provide more detailed feedback concerning CPR, skill 

feedback devices may be useful in addition to the checklist. The checklist is a valuable 

assessment tool if high-tech feedback devices are not available or useful; for example, due to 

high numbers of participants in training groups or limited training time. 
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Data from public AEDs collected to investigate the quality of CPR during real-life bystander 

CPR showed valuable results. The main findings were overall high-quality CPR provided 

from bystanders, without deterioration over time but compression depth had poorer quality 

compared to other parameters. (142, 143) Findings of high quality CPR recorded by public 

AEDs were also supported in a large Canadian study using data from the Resuscitation 

Outcome Consortium (144) 
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5.7 Evaluation of ALS quality 

 

Possibilities to monitor and evaluate ALS quality and CPR has evolved strongly over the 

latest decades. The first attempts to monitor quality of ALS were limited to direct observation 

on-site or investigating audio recordings. (85, 145, 146) Magnetic induction and 

accelerometers were developed to measure the chest displacement and rate during CPR and 

guide the rescuer to high quality chest compressions and became an important and helpful 

tool during CPR training. (147)  A detailed assessment of chest compression quality was 

assessed using accelerometers mounted to the sternum during CPR. (122, 123)   

With the development of methods to measure transthoracic impedance (TTI) through standard 

defibrillation pads, a new era of collecting data from resuscitation started. Transthoracic 

impedance varies for each compression and ventilation from the chest wall’s baseline 

impedance, and is capable of measuring chest compressions, and movement of air 

(ventilations) and fluids (blood) through the chest. It is possible to calculate compression 

fraction and compression rate from TTI, but some studies have shown that it cannot reliably 

estimate compression depth. (148, 149)  Advanced systems incorporating chest force 

measurements/force sensors and accelerometer signals can calculate compression depth. (150, 

151) The first comprehensive trial of ALS evaluation was Sunde et al, reconstructing events 

and timelines from variations in the ECG recordings in addition to TTI. (85) 

A recent study investigated the reliability and accuracy of the TTI signal for measuring CPR 

quality metrics, finding reliably results for all defined metrics except instantaneous ventilation 

rate, where the study revealed unacceptable large errors due to artefacts in the TI signal. (152) 

Measurement tools of ALS quality metrics has been built-in functions in many different 

defibrillators today, and the use of monitoring tools is of great importance, and widely used in 

resuscitation research and quality improvement. 

Efforts are made to standardize reports defining CPR quality metrics that should be reported. 

(153), to make a joint understanding on good quality CPR, and to monitor quality 

improvement programs.   
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Without reliable methods for collecting quality metrics and parameters in a uniform fashion, 

the effectiveness across EMS and measurements of intervention cannot be compared. (154)  
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5.8 Post resuscitation care 

 

The whole-body ischemia-reperfusion response during cardiac arrest and subsequent 

restoration of systemic circulation results in a series of pathophysiological processes that have 

been termed the post-cardiac arrest syndrome.(155)  

The post-cardiac arrest syndrome comprises post-cardiac arrest brain injury, post-cardiac 

arrest myocardial dysfunction, the systemic ischemia-reperfusion response with systemic 

inflammatory reaction, and the persistent precipitating disease. (156)   

Post resuscitation care after OHCA requires a comprehensive and complex effort from 

multidisciplinary teams and involves intensive care support with input from various other 

medical specialties. A standardized in-hospital post arrest protocol was implemented in Oslo 

in 2002. The protocol was founded on Norwegian data on in-hospital factors associated with 

improved outcome after out-of-hospital cardiac arrest, (157) and findings of better neurologic 

outcome after treatment with mild therapeutic hypothermia after ROSC, (158) in addition to 

benefits of immediate coronary angiography in suitable OHCA patients to improve survival. 

(7)  

Recommendations on implementation of comprehensive, structured post-resuscitation 

protocols was first included in the ERC 2010 guidelines. (118, 159) The most important 

change in post-resuscitation care in the 2015 guidelines after first incorporated in 2010, 

include a greater emphasis on the need for urgent coronary catheterization with subsequent 

percutaneous coronary intervention (PCI) following OHCA of cardiac cause.  Primary 

percutaneous coronary intervention is the preferred method for restoring coronary perfusion 

when cardiac arrest has been caused by an ST-elevation myocardial infarction. Many cardiac 

arrest survivors with non-ST-elevation myocardial infarction may also benefit from urgent 

revascularization as studies have shown that initial ECG findings are not reliable in detecting 

patients with an indication for PCI after experiencing a cardiac arrest. (160) (161) (162) From 

the just recently published 2020 AHA guidelines the most conspicuous changes from earlier 

post-arrest guidelines are focus on simplifying guidelines for neuroprognostication and 

specific guidance on use of serum biomarkers, neuroimaging and electrophysiological test. It 

is also added an additional link to the chain of survival-“Recovery from OHCA”, concerning 
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multimodal rehabilitation, mental health and multidisciplinary discharge plans after cardiac 

arrest. (66) The latest ERC guidelines (2021) is not published at the time of writing.  

Therapeutic hypothermia, or now called targeted temperature management (TTM) is 

generally accepted as part of a treatment strategy for comatose survivors of cardiac arrest. It 

was recommended that patients should be cooled to 32 °C to 34 °C for 12 to 24 hours in 2010 

ERC guidelines. (65)  But with new evidence, all TTM procedures (e.g. 36 °C-TTM and 

33 °C-TTM) seem to be similarly beneficial for comatose patients obtaining ROSC. (158, 

163-166) A large randomized TTM trial revealed no main outcome differences between the 

two evaluated levels of TTM: 33 °C versus 36 °C.(164) There is still no international 

consensus on the precise target temperature but maintaining a constant temperature between 

32 °C and 36 °C during TTM is recommended in 2015 ERC guidelines. (119, 167)   

ILCOR is awaiting published results from the TTM2 study before updating 2020 guidelines 

on therapeutic hypothermia. (168, 169) 

TTM may render traditional methods of prognostication more challenging or even unreliable. 

Prognostication is now undertaken using a multimodal strategy and there is emphasis on 

allowing enough time for neurological recovery and to enable sedatives to be cleared before 

neurological testing and prognostication. (170, 171)   

Recommendations include the systematic organization of follow-up care, which should 

include screening for potential cognitive and emotional impairments and provision of 

information. Evidence is emerging that concentrating post-resuscitation care in centres of 

excellence with multidisciplinary teams could be an innovative strategy to improve cardiac 

arrest survival, like other time-sensitive conditions. (172)  
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5.9 Outcome measures  

 

Primary endpoints in resuscitation research have traditionally been survival to discharge, 30-

day survival and/or one-year survival after discharge. There has been a lack of consistency in 

definition and the time points at which outcome was assessed and researchers and clinicians 

experienced inconsistency on outcome reporting, limiting the possibility of pooling results for 

meta-analysis.(173)  

Even though some patients survive to hospital discharge, all OHCA patient undergo cerebral 

hypoxia to some degree and neurological outcome is important to consider when evaluating 

the overall outcome after OHCA. There has been an interest in cardiopulmonary-cerebral 

resuscitation among critical care investigators since late 1970s.(174)   

The Glasgow Outcome Scale (GOS) was first published in 1975. It was a highly cited study 

on outcome measure in studies of brain injury and became worldwide a standardized 

assessment of outcome after severe brain damage (175).  Peter Safar modified the GOS to fit 

neurological outcome measures after anoxic brain injury following cardiac arrest. (176) The 

modification of GOS, the Cerebral Performance Category scale (CPC) was included in the 

Utstein guidelines as an outcome measure describing brain function for resuscitation research 

and clinical purposes. Even though it has been criticized to correlate weakly to actual quality 

of life measures, (177) CPC scoring has become the most widely used approach to evaluate 

neurological outcome after successful resuscitation up until recently. (176, 178, 179)  

The CPC has five categories, ranging from normal brain function (CPC 1) to death (CPC 5). 

(Table 1) The Overall Performance Category (OPC), on the other hand, reflects overall 

clinical status taking both clinical and cerebral function into consideration. These outcome 

categories are reliable and easy to obtain and often require only a telephone call to family 

members.  

Survival to discharge with CPC 1-2 has been considered as favourable outcome and CPC 3-5 

as bad outcome.  

Neurological status does not directly reflect overall functional outcome after cardiac arrest. 

(171). The CPC score has been criticized for being too focused on mental function and less 
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informative about body functions, activity, and participation, which may explain the reported 

lack of agreement between CPC and more direct quality of life measures. (165) (177) 

The COSCA initiative (Core Outcome Set for Cardiac Arrest), a partnership between patients, 

their partners, clinicians, research scientists, and the ILCOR, sought recently to develop a 

consensus core outcome set for cardiac arrest. They refined recommendations for when these 

outcomes should be measured and further characterized relevant measurement tools. 

Consensus emerged that a core outcome set for reporting on effectiveness studies of cardiac 

arrest (COSCA) in adults should include survival, neurological function, and health-related 

quality of life. This should be reported as survival status and modified Rankin score (mRS). It 

is a six-point disability scale with possible scores ranging from 0 to 5. A separate category of 

six is usually added for patients who expire.  Standardized interviews to obtain a mRS score 

are recommended at discharge and/or at three months (90 days) after hospital discharge. The 

mRS is currently the recommended evaluation on quality of life and neurological outcome in 

OHCA survivors. (173, 180)  
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5.10 Outcome of Brain Injury: The Glasgow-Pittsburgh   
Cerebral Performance and Overall Performance Categories  

Cerebral Performance Categories Overall Performance Categories 
1. Good cerebral performance. Conscious. 

Alert, able to work and lead a normal 

life. May have minor psychological or 

neurological deficits (mild dysphasia, 

non-incapacitating hemiparesis, or 

minor cranial nerve abnormalities). 

 

1. Good overall performance. Healthy, 

alert, capable of normal life. Good 

cerebral performance (CPC 1) plus no 

or only mild functional disability, from 

non-cerebral organ system 

abnormalities.  

2. Moderate cerebral disability. Conscious. 

Sufficient cerebral function for part-

time work in sheltered environment or 

independent activities of daily life 

(dressing, traveling by public 

transportation, and preparing food). 

May have hemiplegia, seizures, ataxia, 

dysarthria, dysphasia or permanent 

memory or mental changes. 

2. Moderate overall disability. Conscious. 

Moderate cerebral disability alone (CPC 

2) or moderate disability from non-

cerebral system dysfunction alone or 

both. Performs independent activities of 

daily life (dressing, traveling, and food 

preparation). May be able to work part-

time in sheltered environment but 

disabled for competitive work. 

 

3. Severe cerebral disability. Conscious. 

Dependent on others for daily support 

because of impaired brain function (in 

an institution or at home with 

exceptional family effort). At least 

limited cognition. Includes a wide range 

of cerebral abnormalities from 

ambulatory with severe memory 

disturbance or dementia precluding 

independent existence to paralytic and 

able to communicate only with eyes, as 

in the locked-in syndrome. 

 

3. Several overall disability. Conscious. 

Severe cerebral disability alone (CPC 3) 

or severe disability from non-cerebral 

organ system dysfunction alone or both. 

Dependent on others for daily support. 

4. Coma, vegetative state. Not conscious. 

Unaware of surroundings, no cognition. 

No verbal or psychological interactions 

with environment. 

 

4. Same as CPC 4. 

5. Death. Certified brain dead or dead by 

traditional criteria. 

5. Same as CPC 5. 

 

Table 1 - Outcome of Brain Injury: The Glasgow-Pittsburgh Cerebral Performance and Overall 
Performance Categories (171) 
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5.11 Benchmarking OHCA treatment quality 

 

An international multidisciplinary meeting on resuscitation was held at the Utstein Abbey 

near Stavanger, Norway, in June 1990, the term “Utstein style” originated from this meeting 

and is synonymous with consensus reporting guidelines for resuscitation. (179) 

The original Utstein definitions were revised in 2004 with the aim of reducing complexity and 

updating data elements based on advances in resuscitation science (181) The Utstein 2004 

revision included all EMS-treated cardiac arrests irrespective of first monitored rhythm and 

whether or not the arrests were witnessed. The International Liaison Committee on 

Resuscitation (ILCOR) proposed a group form to review and, if necessary, update the Utstein 

templates for cardiac arrest.(182)  

A cardiac arrest registry measures all aspects of the resuscitation care and can act as a 

benchmark for the entire EMS system. As stated by the “Global Resuscitation Alliance” 

measurement and improvement in a cyclic manner is crucial in the efforts to improve survival 

from OHCA. There has been a globally increasing trend towards resuscitation registries and 

clinical trial groups, with major national and regional registries established around the world 

(78, 183-185). These registries are being used increasingly to compare the epidemiology and 

outcome of cardiac arrest, explore the relation between key treatments and outcome, identify 

and prioritize gaps in resuscitation science knowledge, and drive quality improvement.  

A recent study across twelve large registries showed valuably results of the outcome 

variation, where more than half of the variations of survival to discharge were explained by 

Utstein variables. (186) 

The Norwegian registry of cardiac arrest (Hjertestansregisteret) was founded in 2002 and 

obtained status as a nationwide medical quality register in 2013. The data register is hosted by 

Oslo University Hospital and the aim is to monitor quality of health service provided to 

cardiac arrest patients. (14)  

Since 2010 efforts have been directed to specify definitions of cardiac arrest treatment, 

survival and neurological outcome and establish registries all over Europe. In October 2014 

27 European countries gathered in the prospective, multicentre one-month study Eu-Re-Ca 
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One ,based on registry data from seven nationwide registries and 20 countries.(12) The aim of 

this study was to determine the incidence and outcome for OHCA throughout Europe. The 

follow up study, EuReCa Two collected data between October and December 2017, and 

evaluated the epidemiology and outcome in OHCA, with particular focus on bystander CPR, 

because the term “bystander CPR” was interpreted differently across countries during the 

EuReCa One. (12) 

The Resuscitation Outcomes Consortium (ROC) established a registry of OHCA in the 

United States and Canada, which covers 264 EMS agencies and a population of 23 million 

people. (187)  CPR quality metrics are collected as a non-mandatory item in the registry 

dataset. However, the collection of a large amount of data has enabled the group to produce a 

series of observational studies which examine the association between CPR quality metrics 

and patient outcomes. (79, 188)   
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6 Aims of the thesis 

 

Paper I and II are register-based studies, while paper III is a prospective manikin study.   

Paper I aimed to evaluate if distinct areas of improvement in the local treatment chain; focus 

on quality in CPR and ALS in Oslo EMS and implementation of a structured post-

resuscitation treatment protocol improved outcome in OHCA in Oslo.  

Paper II investigated if having a physician present during resuscitation of OHCA was 

associated with better quality in ALS and more favourable outcome than OHCA treated 

without a physician present.   

Paper III was a controlled simulation-based assessment aiming to investigate CPR 

performance in non-health professionals with different levels of life support training and to 

evaluate the correlation between perceived and actual skills in CPR.  

 

The following research questions were defined: 

 

Paper I:  Does targeted interventions to improve CPR and ALS quality and 

implementations of in-hospital post-resuscitation care protocols improve 

survival and neurological outcome for OHCA patients?  

Paper II:  Does quality of CPR, ALS and outcome in OHCA patients differ between 

patients treated with or without involvement from the physician-manned 

ambulance within the EMS system?  

Paper III:  Does level of BLS training impact on CPR performance in non-health 

professional bystanders, and is perceived and actual CPR performance 

corresponding? 
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7 Material and methods  

7.1 Overview Materials and Methods 

 

 

Table 2 - Overview Materials and Methods 

 

 Paper I Paper II Paper III 

Paper title Improving outcome after 

out-of-hospital cardiac 

arrest by strengthening 

weak links of the local 

Chain of Survival; quality 

of advanced life support 

and post-resuscitation care. 

Out-of-hospital advanced 

life support with or 

without a physician: 

effects on quality of CPR 

and outcome. 

Relationship between level 

of CPR training, self-

reported skills, and actual 

manikin test performance. 

An observational study. 

Study design Observational registry study Observational registry 

study 

Observational simulation-

based study  

Power 

calculations 

No No Yes 

 Study period 1996-1998, 2001-

2003,2004-2005 

2003-2008 2013-2015 

N  

(patients/study 

objects)  

1320 1128 247 

Population OHCA patients, older than 

18 yrs with non-traumatic 

cardiac arrest in three 

defined time periods in 

Oslo. 

OHCA patients, older than 

18 yrs with non-traumatic 

cardiac arrest between 

2003 and 2008 in Oslo. 

Conscripted and 

professional soldiers from 

the military camp 

Setermoen, with three 

different levels of life 

support training. 

Data material Utstein cardiac arrest 

forms, computer-based time 

records, ambulance run 

sheets, hospital records for 

admitted patients  

Utstein cardiac arrest 

forms, computer-based 

time records, ECG with 

impedance records,   

ambulance run sheets, 

hospital records for 

admitted patients 

Questionnaires and direct 

observation and evaluation 

of CPR performance in 

study objects during a 

cardiac arrest scenario 

Statistical 

analysis 

One-way ANOVA, linear 

by linear association for 

trends over time periods 

Chi-square test with 

continuity correction. 

Student’s t-test or Mann-

Whitney U-test for 

continuous data as 

appropriate. Stratification 

analysis using Maentel-

Haenzel method 

One-way multivariate 

ANOVA. Tukey test for 

post hoc comparisons. 

Multiple logistic 

regression.  

Primary outcome Survival to discharge with 

CPC scores 

CPR quality, survival to 

discharge 

CPR quality 
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7.2  Paper I  

Improving outcome after out-of-hospital cardiac arrest by strengthening weak links of the 

local Chain of Survival; quality of advanced life support and post-resuscitation care. 

Paper I is a relatively large, single centre registry study. Patients older than 18 years suffering 

from non-traumatic OHCA of all causes in Oslo and included in the local cardiac arrest 

registry in the three defined study periods were included. The city of Oslo covers 454km2 and 

has 693,494 inhabitants (January 1st, 2019) with 51% female population and 4.9% of the 

population over 80 years. Oslo has had a continuous population growth the last 20 years, 

mainly due to migration leading to a larger proportion of young adults 20–39 and lower 

proportion of children and adults >40 years compared to the rest of Norway. (189) 

 

The city of Oslo has a one-tiered community-run EMS system. All acute care ambulances are 

manned with paramedics. A physician-manned ambulance (PMA) staffed by two paramedics 

and an anaesthesiologist functions on the same level as the regular paramedic-staffed 

ambulances and is located at one of the six ambulance stations spread across Oslo. The PMA 

operated on weekdays between 7:30 and 22:00 when the first studies in this dissertation was 

published, but the PMA is currently on service 24h/day. 

All paramedics were trained to use defibrillators in manual mode. Endotracheal intubation 

was the standard method for securing the airways, followed by uninterrupted chest 

compressions with 10––12 interposed ventilations per minute. Nurses and paramedics staff in 

the dispatch centre were trained to provide CPR instructions when cardiac arrest is suspected. 

 

Two ambulances were routinely dispatched when cardiac arrest was suspected. The 

physician-manned ambulance was dispatched whenever available. Both PMA and non-PMA 

were dispatched based on availability and location with the same dispatch criteria. 

The paramedics and PMA physicians in Oslo are yearly certified in ALS. All paramedics are 

supposed to work a few shifts each year on the PMA as part of the quality improvement 

program of the EMS.  

 

All hospitals in Oslo had goal directed post-resuscitation protocols including TTM for all 

actively treated unconscious patients regardless of initial rhythm or arrest aetiology. Pre-

hospital 12 lead electrocardiogram (ECG) was routinely transmitted from all ambulances to 
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the cardiologist on call at OUH after return of spontaneous circulation (ROSC). If coronary 

angiography was indicated for possible subsequent percutaneous coronary intervention (PCI), 

patients were transported directly from the scene to one of two university hospitals with this 

capacity 24 h/day. 

Data were collected retrospectively from all registered cardiac arrests from the local Utstein 

cardiac arrest forms, ambulance run sheets and computer-based time records from the 

dispatch centre. All data were thereafter categorized and analysed and complemented with 

patient records for admitted patients.   

Three study periods were defined based on empiric knowledge from interventions 

implemented in the local EMS and in Oslo University Hospital Ullevål (OUHU) on defined 

points of the timeline. (Table 3) No power calculation was conducted during study planning 

as all patients meeting the inclusion criteria in predefined time periods were included. 

The first period (1996-1998) was defined as a baseline. Patients in this group were treated by 

ALS providers trained according to the ERC 1992 guidelines. (133) Treatment of OHCA in 

this period was marked by a lot of unsuccessful shocks and long hands-off periods resulting in 

reduced overall vital perfusion.(85) No standardized post resuscitation care was present in the 

hospital treatment among admitted patients. Patients in the second group (2001-2003) were 

treated following implementation of nationally modified 2000 guidelines. (190-193) The 

Norwegian modification of guidelines consisted of three instead of one minute of CPR before 

and in between defibrillation attempts.  This guideline aimed for an increased focus on quality 

of CPR, three minute periods of CPR before and in-between defibrillations to improve vital 

organ perfusion and optimize the relation between CPR and defibrillation. (90) Still, no 

changes in the in-hospital treatment provided for admitted patients were established. Patients 

during the last period (2004-2005), however, received in addition improved post-resuscitation 

care after implementation of a standardized post-resuscitation care protocol in 2002. (118) 

The goal of this treatment protocol was to reduce vital organ injuries (brain, heart) by 

optimizing hemodynamic and oxygenation, treat the cause of the arrest (reperfusion after 

acute ischemia) and initiate TTM (32-34 °C for 24hrs) as early as possible after ROSC and 

admission.  
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Locally adapted Utstein style forms, dispatcher recordings and ambulance-/hospital 

records were collected for each patient and reviewed. For all admitted patients, additional 

hospital records were obtained from the respective receiving hospitals. Primary outcome was 

survival to hospital discharge with a favourable neurological outcome (CPC 1 or 2).  

 

7.3 Overview study periods Paper I 

Study period 1 2 3 

Time period 1996-1998 2001-2003 2004-2005 

Guidelines ERC 1992 ERC 2000* ERC 2000* 

Intervention Baseline Enhanced focus on CPR 

quality and defibrillation 

in EMS 

Locally implemented a 

standardized in-hospital 

post resuscitation care 

protocol 

Quality of 

care 

- Poor CPR/ALS                            

- Poor post-resuscitation 

care 

- Poor CPR/ALS                            

- Poor post-resuscitation 

care 

- Good CPR/ALS 

- Good post-resuscitation 

care 
*nationally modified 2000 guidelines, aiming diminished interruptions in chest compressions and transition 

from stacked shocks to single shocks every three minutes with high quality CPR between shocks 
 

Table 3 - Overview study periods, paper I 

 

 

7.4 Paper II 

Out-of-hospital advanced life support with or without a physician: effects on quality of 

CPR and outcome. 

Paper II is an observational study, designed and planned to examine if the involvement of a 

PMA affects CPR quality and outcome after OHCA in the local EMS system. Patients older 

than 18 years with non-traumatic OHCA of all causes in Oslo in a five-year period between 

2003 and 2008 were included in this study. No power calculation was conducted as all 

patients meeting the inclusion criteria in the defined time frame were included. Many of these 

patients were also included in a randomized study evaluating the effects of intravenous drugs 

during cardiac arrest. (194) 
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During the study period the PMA operated from 7.30-22 on weekdays. Thus, OHCA 

occurring during nights or in the weekend were never treated with involvement from the 

PMA. During weekdays, the dispatch centre aimed to send the PMA to all OHCAs, but 

paramedics (non-PMA) may be dispatched first if they were closer to the patient and the PMA 

would be involved as a second responder when available. If the PMA was unavailable, or the 

OHCA occurred outside the operating hours for the PMA, two ambulances were dispatched 

directly to the patient.   

Thus, included patients were retrospectively categorized into three groups based on whether 

they were treated by a PMA, a non-PMA or a PMA as second responder. These groups were 

formally compared. Patients being treated by a PMA as second responder is a highly selected 

sub-group where the presence of the PMA is requested by first arriving ambulance, and this 

group was therefore excluded from the comparative analysis due to potential highly 

confounding effects on outcome 

Data were retrospectively collected from ambulance run sheets, Utstein cardiac arrest forms 

and patients records for admitted patients. Data on CPR quality was retrospectively viewed 

and annotated using CODE- STATTM 7.0 (Physio-Control, Redmond, WA, USA) for 

detection of ventilations and chest compressions by changes in TTI. Utstein style forms were 

compared with typical changes in CPR patterns in transthoracic impedance. For outcome data, 

additional hospital records were obtained. Primary end point was survival to hospital 

discharge. Secondary endpoints were quality of CPR and CPC score, with CPC of 1 or 2 

defined as favourable outcome.  
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7.5 Paper III 

Relationship between levels of CPR training, self-reported skills, and actual manikin test 

performance-an observational study. 

Paper III is an observational simulation-based study, designed to compare a short course in 

life support training to a more extensive course, and to investigate if perceived and actual 

skills corresponded.  The military population was chosen due to their homogeneous baseline 

demographics and strict standardized curricula for BLS training. This allowed for diminishing 

the inter-subject variability in the test model.   

Norwegian soldiers receive a 40-hour first aid course compulsory for all military personnel 

during the first months of their training. The course includes 5 h of CPR training, consisting 

of a 2 h lecture and 3 h practical training with a manikin. The CPR training is in accordance 

with current Norwegian guidelines based on ERC BLS guidelines. (195) 

Some designated soldiers attend the advanced first-aid training course, a 96-hour course for 

future army medics after the completion of the basic course. The advanced training 

curriculum includes 18 h CPR training, with 4 h lectures and 14 h manikin training. They are 

also given a brief introduction to basic airway adjuncts (the oropharyngeal and 

nasopharyngeal tube).  

Participation in the study was voluntary with a potential bias that many of the participants 

were those interested in first aid. This was mitigated by not informing participants of the 

nature of the case in forehand. 

The study objects were already trained in two different levels of life support and were 

categorized into groups according to their level of training. Group I (Basic 40-hour first aid 

course), group II (Advanced 96-hour first aid course). As some of the study participants on 

the advanced level training had additional courses, a third group were categorized; Group III 

(advanced first-aid training and additional courses). 

Data collection was conducted in their home military base.  
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All participants completed a comprehensive questionnaire, mapping demographic variables, 

experience, training intervals and other known and possible confounders.  They were 

thereafter tested in actual CPR performance in a single-rescuer BLS manikin scenario, using 

the Laerdal Resusci Anne Basic. Each participant reported their self-perceived preparedness 

about CPR and their CPR skills on a Likert based ten-point scale both before and after the 

manikin test. 1 point on this scale reported the lowest level of perceived skill and 

preparedness, 10 points was maximum reported perceived skill level and preparedness. (Table 

4) 

 

7.5.1 Test parameters for perceived and actual skills in Paper III 

Pre-manikin test Manikin test Post-manikin test 

Likert scale on preparedness to 

do CPR 

Single rescuer BLS 

scenario Likert scale on CPR performance 

“Confident to examine a 

critically ill patient” 

Compression rate 1st- 5th 

loop CPR “Did a systematic assessment” 

“Well trained in the CPR 

algorithm” Effective ventilations “Performed good quality CPR” 

"Well prepared to do CPR” Compression fraction 

“Would perform the same on a  

   real patient” 

 

Correct hand placement on 

chest  

 Correct compression depth  

 Total hands-off time  

 

Time from verified cardiac 

arrest to start CPR  
Table 4 – Test parameters for perceived and actual skill in paper III 

 

Data in the manikin test were mainly visually accessible parameters. Feasibility of the simple 

observational protocol was evaluated in a pilot study, with 10 nursing and 10 medical 

students, respectively. The feasibility study was set up to investigate the interobserver 

discrepancy.  

This simple observational set-up with an ordinary manikin without skill meter and direct 

observation as evaluation method was a conscious decision. The study protocol aimed to 

examine the study objects in use of the manikin they used in their ordinary CPR training and 
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test them in their own environment.  This was considered valuable to diminish confounders 

from unfamiliar manikins and equipment.  

Primary outcome was CPR quality in the manikin test, secondary outcome was correlation 

between perceived and objectively measured skills. 
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8 Statistical analyses 

 

8.1.1 Paper I  

All data were manually recorded in a spreadsheet (Microsoft Excel 2007) and analysed with 

SPSS 16.0.  

Comparisons of continuous data were analysed with one-way ANOVA to determine if there 

were differences between the two intervention groups and the baseline group. Post hoc 

comparisons with Bonferroni test were conducted to examine if all groups were significantly 

different. To examine time trends over time periods categorical data were analysed using 

linear by linear associations. A p value of <0.05% was considered as significant. 

 

8.1.2 Paper II  

All data were manually recorded in a spreadsheet (Microsoft Excel 2007) and analysed with 

SPSS 16.0.  

In paper II differences between the two pre-defined groups (PMA vs non-PMA) were 

analysed using chi-square test with continuity correction for categorical data, and Student’s t-

tests or Mann–Whitney U-tests for continuous data, as appropriate.  

A stratification analysis using the Maentel–Haenzel method was performed to pinpoint effect 

modification at the multiplicative level using the Breslow and Day test of heterogeneity and to 

quantify confounders by comparing the adjusted Maentel–Haenzel odds ratio (OR) to the 

crude OR.  

Adjustments for multiple confounders were done using unconditional logistic regression 

using a manual backward elimination procedure. An investigation of the correlation between 

potential confounders was performed 

A p value <0,05 was considered significant.  
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8.1.3 Paper III  

All data were manually recorded in a spreadsheet (Microsoft Excel 2010) and analysed with 

SPSS 22.0. 

An a priori power analysis was conducted based on differences in a two-way feasibility study 

including student on two different levels in first-aid training.  The sample size was powered to 

evaluate changes in CPR performance, and 101 participants were needed based on the results 

from the feasibility study.  

All means and standard deviations (SD) were calculated for continuous variables, frequencies 

and proportions for categorical variables, and Chi-square test of independence for 

dichotomous variables, and one-way ANOVA and multivariate ANOVA (MANOVA) for 

normally distributed data.  

Multivariable logistic regression models were fitted and tested on each outcome variable. 

Model calibration was tested with the Hosmer–Lemeshow test. The model was adjusted for 

potential confounders. OR with 95% confidence intervals (95 CI) were calculated for each 

outcome variable. 

As the dependent variable in the self-reported skill rating analysis across level of training had 

more than one dependent variable, it was necessary to extend the one-way ANOVA to a 

MANOVA. This analysis was conducted with three levels of training (Group I-III) as the 

independent variable and self-reported skill rating from four different statements on a 10-

point scale as the dependent variable, to test for differences between training levels and self-

reported skill scores. Significant differences were analysed with Tukey test for post hoc 

comparisons.  

A p value <0,05 was considered significant. 
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9 Summary of results  

 

9.1 Paper I 

 

A total of 1320 patients received ALS for OHCA during the three study periods. Age, gender 

and proportion of cardiac aetiology did not differ significantly between the three time periods. 

Response times increased from mean seven to nine minutes from the first and second to the 

last period (p<0,001). Over the same time period there was also a significant increase in 

unwitnessed arrests (p=0,02), arrests with initial non-shockable rhythms (p=0,039) and no 

significant increase in bystander CPR rates (p=0,84). (Figure 2)  

Despite this, there was a non-significant trend towards increased rate of ROSC (p=0,058) and 

a significant increase in admission to ICU (p=0,04). Favourable neurological outcome (CPC 

1-2) was significantly improved during the 9-year study period(p=0,001). (Figure 3)  

There were significant increases in overall survival (p=0,002), survival with favourable 

neurological outcome (p=0,001) and increased survival in the subgroup of patients with VF 

and witnessed arrest (p=0,003).  (Figure 3)  

The increasing proportion of survivors with favourable neurological outcome, indicates that 

ALS training focusing on optimizing chest compressions by stressing the importance of 

adequate force and rate as well as limiting hands-off intervals in addition to implementation 

of standardized post-resuscitation care protocols have led to significantly improved outcome 

for patients with OHCA in Oslo.  
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9.1.1 Summary of descriptive data per time period Paper I.  

 

Figure 2 – Summary of descriptive data per time period paper I  

 

9.1.2 Survival rate per initiated resuscitation (%) per time period   

 

Figure 3 – Survival rate per initiated resuscitation (%) per time period  
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9.2 Paper II 

 

A total of 1128 patients received ALS for OHCAs during the five-year study period. The 

PMA was dispatched as first responder to 21% of all OHCAs during the study period. 

Altogether 232 patients were treated by a PMA as first responder, and 741 were treated 

without any involvement from a physician. 155 patients were treated by a PMA as a second 

responder. 

Patients treated in the PMA group were more likely to have a bystander witnessed arrest 

(p=0,036), a higher number of bystander CPR (p=0,027), and more initial shockable rhythms 

(p=0,012), compared to patients treated in the non-PMA group. 

Because of the higher rate of shockable rhythms, the PMA group were obviously more likely 

to receive defibrillations.  They were also more likely to receive medical interventions and 

ECG analysis after ROSC. (Figure 4)  

CPR quality measures like hands-off ratio and pre-shock pauses were improved in the PMA 

group (p<0.001 for both parameters)  

9.2.1 Medical interventions in PMA and non-PMA group in %  

 

Figure 4 – Medical interventions in PMA and non-PMA group in %  
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Despite several positive prognostic factors such as higher bystander CPR rate , initial 

shockable rhythms, witnessed arrest and more medical interventions in the PMA group, there 

was no significant difference in overall survival (p=0.28), or survival with favourable 

neurological outcome (p=0.38) between patients being treated by the PMA as first responder 

or paramedic-manned ambulances within our EMS system. (Figure 5)  

The subgroup of patients witnessed arrest with initial VF/VT did not either show increased 

overall survival when treated by the PMA(p=0,82) 

 

 

9.2.2 Outcome variables in % in the PMA and non-PMA group   

 

Figure 5 – Outcome variables in % in the PMA and non-PMA group 
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9.3 Paper III 

 

In this simulation-based manikin model, comprehensive BLS training resulted in better CPR 

quality, particularly regarding ventilations and hands-on time (Figure 6 and 7). Compression 

rate during five loops of CPR, had an adequate rate (average 95-113 across all five loops) and 

was not significantly different between groups (p=0,310-0,603 through five loops). (Figure 7)  

Total hands-off time and time from verified cardiac arrest to start CPR was significantly 

different between group I (basic level of first aid training) and group II (advanced level of 

first aid training) and III (advanced level of training with additional courses) (p=<0.001) but 

not between group II and group III(p=0,39). (Figure 6)   

The most striking finding in this study was that adequate airway management and ventilation 

skills, as well as chest compression fraction and compression depth, were significantly related 

to level of first aid training.  Participants with only a basic course in BLS provided 

significantly poor airway management compared to participants with advanced training level 

(p<0,001).  (Figure 8)  

Study objects on all levels of training showed overall good insight in own skills and 

limitations with statistically significant associations between self-reported and actual 

competence. The participants in group I (basic training) scored their own skills and 

preparedness significantly lower on the ten-point scale than groups II and III in all statements. 

both before and after test. In addition, group III (advanced training with additional courses) 

reported higher confidence in examining the critically ill patient and for preparedness in doing 

CPR before the manikin test than both groups I and II (advanced training). 

 

 



 

 

  

 

58 

9.3.1 Differences in hands-off time (in sec) and time from verified arrest 
to start CPR between groups (in sec) 

 

Figure 6 – Differences in hands-off time (in sec) and from time verified arrest to start CPR between groups (in 

sec) 
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9.3.2 Compression rate per minute in each group through five loops of 
CPR 

 

Figure 7 – Compression rate per minute in each group trough five loops of CPR 
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9.3.3 CPR quality parameters in % within each group  

 

Figure 8 – CPR quality parameters in % within each group 
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10 Discussion 

Survival and favourable neurological outcome after OHCA depend on a timely and tuned 

treatment chain.  The capacity and quality of the system depend on each link, from BLS 

provided of bystanders, through the emergency dispatcher and ALS provided by EMS to the 

in-hospital treatment and post-resuscitation care. (71) Researchers and clinicians have been 

searching for modifiable factors for better outcome in OHCA for decades.  

Oslo had relatively high bystander rates and the last links in chain of survival concerning ALS 

and post-resuscitation care were considered weak links before quality improvements 

interventions. Study I aimed to measure effects of quality improvements efforts in ALS 

quality and post arrest care. (85, 196)  

The main focus on different modifiable factors of the treatment chain in OHCA has shifted in 

resuscitation guidelines over time, and the papers in this thesis reflects chronologically the 

changes in emphasized areas from a strong focus on the advanced parts of the treatment 

(paper I and II)  to provision and quality in CPR from bystanders (paper III).  
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10.1 Paper I: 

Patients from the first period (1996-1998) in paper I were treated following the 1992 ERC 

guidelines. The 1992 resuscitation guidelines focused on the ALS part of treatment of  

OHCA, and intubation and intravenous drugs were brought forward in the cycle of events. 

(57) The guidelines were not designed to fit automated defibrillators and much emphasis was 

on the ALS providers’ ability to analyse and interpret heart rhythm. It was also short time 

between shocks (one minute), and three stacked shocks. (197) This resulted in diminished 

focus on CPR and poor ALS performance in Oslo EMS, with long periods of hands-off time 

without perfusion to vital organs and few successful shocks. (85) Data from other EMS 

systems in the same time period showed similar findings when advanced procedures as 

intravenous lines delayed first shock and transport after ROSC. (145) There was no 

standardized protocol for in-hospital treatment after ROSC and TTM was not in use for post 

arrest patients in this period (118, 157) From the 1998 guidelines more attention was given to 

the chest compressions, both rate and quality.  New BLS guidelines emerged in 1998, but 

focus was still on ALS and improvement of the advanced part of the treatment chain. (198, 

199) The survival had remained approximately unchanged for 30 years, (9) and inspired local 

initiatives to improve quality of ALS in Oslo EMS to increase survival with favourable 

outcome. Poor ALS quality was documented in initial investigations. (122, 123) An American 

study from 1999, showed improved outcome when high quality CPR were provided before 

the first shock in VF patients,(91) and  researchers continued to aim for strategies to improve 

the ratio between CPR and shock to decrease hands-off time.    

Evidence- based medicine was increasingly emphasized, and more attention was given to 

evidence-based implementation towards the end of 1990. The 2000 Guidelines had increased 

focus on chest compression quality. A Norwegian modification of three min CPR prior to 

defibrillation was implemented due to findings in local studies before 2001. (85, 90, 200) 

Training, treatment and education in Oslo EMS were based on the modified 2000 guidelines 

after the implementation in 2001, and training focused on adequate compression force and 

rate and limiting hands-off time. Data from Oslo showed shorter hands-off time after this 

change in focus, (201) and the time after this change in training was selected as the second 

study period (2001-2003), in order to investigate the effect of  change in focus. The Oslo 

EMS implemented a strategy to improve the ALS quality by providing performance-based 
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feedback, presenting the performance evaluation to the CPR-providers with focus on areas in 

need of improvement. (202) The first study period (1996-1998) was defined the baseline 

group, and we did find increased overall survival to discharge (7-11%) and increased survival 

with favourable outcome (6-9%) after the efforts to increase quality in CPR in EMS from first 

to second study period.   

There was still no standardized post-resuscitation care in the second study period.  In 2003 

there were no new changes in the prehospital ALS protocol, but a standardized post-

resuscitation care protocols had been implemented in 2002 at OUHU who received the vast 

majority of OHCA patients in Oslo, but also within 2003 at other receiving hospitals in Oslo. 

(118) The last study period followed this implementation of a post-resuscitation protocol 

(2004-2005). OHCA patients from this period were therefore treated with both more emphasis 

on high quality CPR, with diminished hands-off time and nationally modified 2000 

guidelines, and the new hospital treatment protocol after ROSC. (118) Post-resuscitation care 

was still not emphasized in the resuscitation guidelines, and the implementation was a local 

initiative in Oslo. The most marked increase in survival and favourable outcome was in the 

last study period, after implementation of post-resuscitation care protocols for patients 

obtaining ROSC after CPR, especially for cardiac arrest with cardiac aetiology and initial VF.  

Targeted temperature management remains important, but there is now an option to target a 

temperature of 36°C instead of the previously recommended 32–34°C based on findings from 

the TTM trial. (119) Noteworthy, the recently released publication from the HYPERION 

study showed significantly better neurological outcome with TTM at 33°C compared to 

normothermia in patients with non-shockable rhythms. (203). The TTM 2 study, comparing 

TTM at 33°C with a control group with avoidance of fever (< 37.8 °C), will probably give 

more answers in the bright future. A large study from the Swedish Cardiac arrest registry with 

almost 60 000 OHCA victims from 1992 to 2011 supports our findings of increased survival 

over time. In the long-term perspective 30-day survival more than doubled. As in our 

population, the increase in survival was most marked among patients with a shockable rhythm 

and thereby probably cardiac aetiology. Even though the study reports improved quality in all 

links of the chain of survival the most marked increase in survival was after implementation 

of post-cardiac arrest care in the 2010 ERC guidelines. (204) Similar results are also found 

outside the Nordic countries. A comprehensive American study from 2011 showed a large 
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increase in survival after implementation of bystander CPR training programs, focus on and 

retraining in limiting hands-off time in EMS and implementation of therapeutic hypothermia 

after ROSC. (205) 

With increased focus on the importance of documenting treatment quality in resuscitation 

research, it seems likely that a better understanding of the association between the CPR 

quality metrics, treatment after ROSC and survival to hospital discharge will become clearer 

as new evidence emerges. (206) 
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10.2 Paper II: 

The role of a physician in the pre-hospital arena has been debated the last 40 years (207, 208). 

These studies, including paper II were limited by retrospective, non-randomized design and a 

chance of selection bias and type II errors. The external validity is also questionable in such 

studies as EMS differs a lot around the world, and results from one system does not 

necessarily apply directly to another. Several studies have tried to evaluate the effect of 

physicians in pre-hospital emergency care by analysing across different systems and thereby 

examine the entire system rather than the effect of the physicians’ presence on scene.(209, 

210) OHCA patients is a heterogeneous group of patients with several known and unknown 

confounding factors that are difficult to adjust for completely.  These comparisons are 

challenging to analyse as there are likely many confounders and differences between systems.  

Large multi-centre RCTs are difficult to conduct in this group of patients, as both the ethical 

and organizational aspects are difficult to defend as the availability of physician manned 

ambulances are limited in general.  

Previous studies have reported that physicians are more efficient in managing procedures such 

as ECG analysis and endotracheal intubation and are more likely to comply with treatment 

guidelines than other ambulance personnel. (146, 211) Even though there was no difference 

in outcome with or without a physician,  better quality of ALS in patients treated by a PMA 

was shown . It is, however, impossible to conclude if the improved quality of CPR was due to 

the physician, or whether it was due to the initial presence of 3–4 professionals on the PMA 

vs. only two on the first responding non-PMA.    

The results indicated that high quality ALS can be achieved in the out-of-hospital setting by 

experienced EMT/paramedics and anaesthesiologists. Having a defined leader may add 

significant knowledge and framework for the team, and this has been shown to be an 

important factor when improving quality in other areas of clinical medicine. (212)  

A Danish review from 2009 showed evidence for increased survival in trauma patients but 

weaker evidence for increased survival in OHCA in PMA. (213) Recent data from Norway 

show significant better outcome when treated by a PMA in rural areas but not urban areas in 

western Norway, and thereby supports the present results from the urban EMS in Oslo. (214) 
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These findings may be due to longer response and transport times, and the fact that many 

rural areas have one ambulance manned by two EMT/paramedics available to dispatch to 

OHCA patients and an extra, skilled person will be of great value in a resuscitation situation.  

A recent nation-wide observational study from Denmark, showed non-significant but positive 

associations to ROSC and 30 days survival when treated by a PMA, but less certainty on 1-

year survival. (215) In all of Spain, EMS is led by physicians, and in a recently published 

large registry study OHCA survival with CPC 1-2 reached an average overall survival of 

11%, just slightly better than the average worldwide survival regardless of PMA or not, it is 

important to mention a relatively low bystander CPR rate in this study, only 24%. (208) 

We currently lack consistent evidence that an OHCA treated by a physician as first responder 

results in better outcome. Physicians as an isolated factor of impact in prehospital emergency 

medicine are difficult to address. A physician can be a valuable resource in environments and 

settings were sharing of knowledge and experience is appreciated. But a physician can also be 

a disturbing element for the EMT/paramedics if the cooperation and communication is 

dysfunctional.  
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10.3 Paper III: 

The latest guidelines revisions shifted focus to the immediate minutes after an OHCA.  

Guidelines had developed into a strong emphasis on a strict dispatcher protocol to recognize 

cardiac arrest and on bystanders providing high quality CPR. The importance of early 

uninterrupted chest compressions was emphasized, (195, 216) and into the bystander and lay 

peoples role in recognizing and treating OHCA.  

Immediate initiation of CPR and early defibrillation have repeatedly been shown to increase 

survival. (10) Long response time intervals to arrival of health professionals have historically 

been a major obstacle to survive OHCA, it is therefore absolutely necessary to involve the 

laypersons closest to the patient as an important part of the treatment of OHCA patients. The 

chance of survival falls by an estimated 5% for each minute that passes between collapse and 

the start of CPR. (100) Bystander CPR is a straight-forward and potent intervention that can 

more than double the chance of survival. (74)  

Several studies have revealed an increase in bystander CPR during the last decade. (74, 217, 

218) The bystander CPR rate in Stavanger, Norway increased from 60 to 73% from 2001 to 

2008. (27) It is questionable if the increase in bystander CPR represents an actual increase in 

bystanders’ willingness to do CPR, or a result of EMS reporting and logistics. It is also reason 

to believe that bystander CPR rates increased after development of strict protocols in 

dispatcher assisted CPR and a strong focus on the dispatcher in the 2010 guidelines. (219)  

Nonetheless, several national initiatives have been undertaken around the world to increase 

bystander CPR rates. This includes CPR training in elementary and high schools, mandatory 

first aid classes before getting driver’s license and an increase in voluntarily first aid classes 

in for example sport clubs. (220-223) A large nationwide Danish study showed increased 

bystander CPR rates from 21 to 45% and better outcome after national initiatives as 

mentioned above over a ten-year study period. (80)  

In paper III it was shown that 99-100% of the soldiers were willing to do CPR in real life, and 

16% of the total population reported that they had provided CPR in real life. A recent 

Norwegian telephone-based survey supports strong willingness to act in an emergency (90%), 

and as high as 43% had been exposed to situations were first-aid was provided (not 
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exclusively CPR). (131) Another study on high school students in Tromsø showed that 8% 

had provided CPR or watched other bystanders providing CPR in real life. 83% of the student 

were willing to provide CPR if needed. (224) These findings support the importance of 

training the public in CPR.  The quality of CPR provided by bystanders are difficult to 

measure in real life scenarios. Both bystander CPR rates and quality of bystander CPR is 

desirable to increase as this point of the treatment chain is of crucial importance of patient 

outcome in OHCA. Participants with only BLS training demonstrated relatively poor airway 

management skills and used too much time on ventilations, in addition to a decreased 

compression fraction. The study objects performed overall good quality compressions through 

five loops regardless of training level. This findings of high quality compressions are 

supported by an earlier single-rescuer study were paramedics provided high quality 

compression for as long as 10 minutes without rest. (126) 

Airway management is technically challenging, and several studies from early and mid-2000 

confirm the complexity of providing ventilations, (225-227) supports this. Compression-only 

CPR has been discussed as an alternative for conventional CPR in bystander provided BLS.  

A large propensity score-matched cohort showed compression-only CPR is an acceptable 

alternative for laypeople responding to bystander witnessed OHCA of presumed medical 

origin. (228) A recent systematic review showed that laypersons providing compression-only 

CPR spend less time starting compressions and obtain better CPR quality.(229)  

Study objects trained on the most basic level of BLS training used inexpedient much time 

from recognized cardiac arrest to start of CPR, when providing conventional CPR. AHA BLS 

2015 guidelines recommends compression-only CPR for untrained lay rescuers, with or 

without dispatch assistance. (116) Similar recommendations are stated in the ERC guidelines’ 

update from 2017.  “All CPR providers should perform chest compressions for all patients in 

cardiac arrest. CPR providers trained and able to perform rescue breaths should perform chest 

compressions and rescue breath” (230)  

A meta-analysis on three randomized trials including both witnessed and unwitnessed OHCA 

investigated survival to discharge finds better outcome for the compression-only CPR group 

when performed by an untrained bystander due to low quality of ventilations and long 

interruptions in compressions while performing ventilations. (231) The present findings 
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support these results, as the CPR providers on the basic level of training (group I) shows 

severe difficulties in airway management, less successful ventilations and lower compression 

fraction than the CPR providers trained on the advanced level. On the other hand, the same 

most basic trained bystanders provide good quality compressions. The very latest ILCOR 

recommendations still suggest that trained bystanders provide ventilations, while untrained 

bystanders should focus on compressions with or without guidance from a dispatcher. (232)  

A systematic review showed the importance of compressions on survival with favourable 

neurological outcome in adult OHCA patients treated with 30:2 compression-ventilation ratio 

compared to 15:2. (233) 

Compression-only CPR is easier to learn and perform than conventional CPR and may 

increase the willingness to provide CPR and thereby increase bystander rate. It is reason to 

believe that relatively untrained bystanders may be able to perform high quality compression-

only CPR, as they performed so well in chest compressions. The question is if ventilation 

training should be more emphasized in the BLS courses, or if the conventional BLS courses 

should be more comprehensive to ensure that the participants learns how to ventilate a cardiac 

arrest patient or if the cost-benefit ratio is so high that only compression-only CPR should be 

taught in the short BLS courses. First aid classes and BLS training is often a matter of 

resources, time and interest from the public. Even though the study objects showed good 

insight in their own skill level, less than half of the participants trained on the most basic level 

was interested in more CPR training. The present study did not address the background of the 

low interest in more CPR training, but they showed such good insight to own limitations in 

skill level. A possible explanation may be the lack of customizing of CPR courses to skill 

level in the young military population, or that they consider it unlikely to ever get use of CPR. 

Anyhow, the strong correlation between perceived and actual skill level may help course 

providers to tailor CPR courses to the participants, to strengthen weak part of the CPR 

performance in each participant and make courses efficient and maybe more interesting for 

the young population.  

This is important feedback for BLS instructors and program developers, who can customize 

courses from the learners own self-assessment and highlight weak parts of training especially 

in short, low budget courses including ventilation training and maybe emphasize ventilations 

in course participants who find that more challenging than the chest compressions.  
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11  Methodological considerations and limitations 

 

11.1 Paper I and II 

The first two papers were based on data derived from the Oslo cardiac arrest registry. Even 

though the registry data were recorded prospectively, the data were partly intended for clinical 

use and not only for research. Several clinicians were involved in data recording, and the 

forms were often completed after the time-critical resuscitation efforts had taken place, thus 

making them prone for recall bias. The included patients were also heterogeneous, and it is 

impossible to eliminate unknown confounders. However, the chosen statistical methods 

aimed to reduce the magnitude of this problem but could not eliminate it.   

Presumably, the registry-based design was the only feasible method, as changes in clinical 

resuscitation protocols were impossible to predict in advance, and the patients could neither 

be randomised to receive either PMA or standard ambulance-based treatment. For this reason, 

the chosen design, with all its shortcomings, was a pragmatic approach that made the study 

possible.  

To reduce the effect of statistical regression (the effect of time on data) a linear by linear 

associations for trends over time was used. Furthermore, the study was performed in a single 

EMS. Because EMS vary in terms of organisation and setting, generalization of the results to 

other organisations may be limited, depending on the organisation. 
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11.2 Paper III 

Theoretically, questionnaires may have limitations, like misinterpretations and socially 

desirable answers. A ten-point rating scale may be weighted differential from person to 

person, and even though the ten-point Likert scale is validated, it is still room for discrepancy 

in interpretation of the scale between study objects.  

This design was still chosen due to the number of participants needed to compare the skills of 

different training levels, and it was impossible to use more advanced qualitative methods for 

so many participants. 

Furthermore, simple observation-based recording of CPR skills was used, instead of 

automatic recording of CPR data. The latter was not available at the military camp when it 

was possible to perform the study with the desired number of volunteers. The inter-observer 

variability was assessed in small-scale pilot studies and was found to be acceptable for 

relevant CPR quality indicators. This method is of course limited by manual observations 

which could be biased. 
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12  Conclusion 

 

The goal in treatment of OHCA is survival with favourable neurological outcome. CPR is the 

hallmark of cardiac arrest management. Training bystanders is crucial to increase the 

bystander provided CPR with good quality. The training should be of sufficient extent to 

ensure ability to airway management, but even short courses prepare the provider to do high 

quality compressions. Targeted attempts on quality improvement in ALS such as focus on 

CPR quality and standardizing post-arrest care in our local chain of survival showed increased 

survival rate with favourable outcome. Efforts on raising quality in throughout treatment 

chain for OHCA patients is important and may contribute to higher survival rates and more 

favourable neurological outcome.  
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