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It is one of the most beautiful compensations of life, 
that no man can try to help another without helping 
himself                   
 

Ralph Waldo Emerson 
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ABSTRACT 
_________________________________________________________ 
The aim of this thesis was to describe various aspects of cardiopulmonary 
resuscitation (CPR) and CPR training in order to find approaches for 
enhancing bystander interventions. Cardiac care patients (n=401) were 
interviewed with regard to their attitude toward CPR and CPR training (II). 
Among those who were co-habiting (n=268), possibilities for and obstacles in 
relation to training were investigated (III). An instrument for measuring 
quality of CPR performance was tested in a pilot study using a suitable 
selection of cardiac care nurses (I, n=10). Quality of performance was studied 
among laypersons after CPR training and three months later (IV, n=32). A 
qualitative method was used to describe spouses� experiences during the 
cardiac arrest (CA) at home. Fifteen spouses were interviewed (V). 
Most of the cardiac care patients had a positive attitude towards CPR and 
many had trained or wished to undergo training in CPR (II). Two-thirds of 
patients who were co-habiting were unsure or doubted that their co-habitant 
had CPR training. More than half of these wanted their co-habitant to attend a 
course. Younger patients were more willing to participate in CPR training 
than those who were older. Major obstacles for CPR training were their own 
medical condition, and doubts concerning co-habitants physical ability or 
interest in participation (III). Measurements of the quality of CPR 
performance revealed several points of concern regarding CPR training and 
skill-retention; the difficulties in making the pauses for ventilations short 
enough, leading to low number of chest compressions per minute and poor 
performance regarding ventilations (I, IV). Immediately after training the 
laypersons performed relatively high proportions of chest compressions 
correctly, which after three months decreased significantly. �Too shallow� 
chest compressions were common whilst the cardiac care nurses often made 
chest compressions �too deep�. Spouses� experience of CA included two time 
domains and seven themes. Prior to the CA the themes deal with spouses� 
perceptions and interpretations of early warning signs. When a CA developed 
spouses quickly perceived the seriousness of the situation. Some lacked the 
ability to intervene whilst others did everything in their power to influence 
the outcome. The Emergency call services played an important supportive 
role and guided spouses in performing CPR (V). 
Conclusion: CPR training for cardiac care patients and co-habitants is 
important and feasible. The outcome of training has to be enhanced. 
Simplification of the message and reduction in number of skills taught seems 
urgent. Symptoms and signs regarding myocardial infarction have to be 
communicated more clearly.  

Key words: Out-of-hospital cardiac arrest; CPR; Education; Training; Spouses; 
Experience; Qualitative content analysis 
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INTRODUCTION 
_____________________________________________________ 
 
Cardiovascular diseases constitute approximately 40% of all causes of 
mortality in Europe of which ischemic heart disease plays the major part [1]. 
Most of those who die due to ischemic heart disease, die outside hospital of 
cardiac arrest. Out-of-hospital cardiac arrest is therefore considered to be a 
major factor of mortality in western countries [2, 3].  It has been estimated 
that approximately 10 000 people in Sweden die annually outside the hospital 
of cardiac arrest due to heart disease [4]. Due to deficient reporting, the true 
figure regarding the incidence of out-of-hospital cardiac arrest in the country 
is unattainable.  
 
In the event of an out-of-hospital cardiac arrest, cardiopulmonary 
resuscitation (CPR) can save life, maintaining a small but necessary 
circulation until the arrival of the ambulance and /or further treatment 
possibilities such as arrival of a defibrillator with operator [5]. In spite of an 
ongoing work among international and national resuscitation councils to 
enhance survival rates after out-of-hospital cardiac arrests, this figure still is 
low - even if it varies greatly between different centres [6-12].  
 
From a pedagogical perspective it is of interest to know how training 
programs in cardiopulmonary resuscitation influence practice, whereas from 
a strictly medical point of view, the interest is aimed mainly towards how 
practice influences the outcome, most often in terms of survival. As this area 
in medicine is dependent on the progress of knowledge in how to teach better 
learning of skills in resuscitation, a pedagogic interest has developed within 
this area.  From this perspective there is a need to know what the most 
important facts are to teach and how to evaluate the outcome of training.  
 
Using a pedagogical perspective, this thesis deals with accumulating 
knowledge to the incomplete puzzle of describing how well skills in 
cardiopulmonary resuscitation are retained, together with facilitating or 
hindering conditions for training and practice.   
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BACKGROUND 
________________________________________________ 
 
Cardiac arrest 
Definition, etiology and incidence 
Definition: �Cardiac arrest is the cessation of cardiac mechanical activity, 
confirmed by the absence of a detectable pulse, unresponsiveness, and apnea 
(or agonal, gasping, respirations)� [13] (p. 961).  

Most out-of-hospital cardiac arrests are judged to be of cardiac origin [4, 7-9, 
14]. There is, however, a risk of over-estimating the proportion of arrests of 
cardiac origin if no autopsy is carried out for confirmation, as pointed out by 
Kuisma et al. [6]. In Helsinki, Finland, 67% of all cardiac arrests were of 
cardiac origin when verified by necropsy reports and hospital files. 

The Swedish National Board of Health and Welfare [15] does not mention 
the proportion of cardiac arrest of cardiac origin occurring in Sweden. There 
is an indication that 90% of the cardiac arrests of cardiac origin are due to 
ischemic heart disease whilst the remaining 10% are due to other heart 
diseases such as valvular diseases or cardiomyopathy.  
 
As the primary common cause of cardiac arrest is ischemic heart disease, the 
risk of suffering a cardiac arrest is higher among persons with prior coronary 
heart disease [16, 17]. The incidence varies between different groups of 
patients. One study in Seattle showed an incidence of out-of-hospital cardiac 
arrest in subjects with heart disease as 6/1000 subjects/year. In subjects 
without clinical heart disease this figure was 0.8/1000 subjects/year. Among 
patients who had a myocardial infarction or congestive heart failure the 
incidence was 14/1000 and 22/1000 subjects/year respectively [17].   
 
In Denmark, 6676 consecutive patients with myocardial infarction who were 
admitted to hospital, were followed up to assess the risk for sudden cardiac 
death (SCD) or non-sudden death [18]. The result showed that the risk 
increased with increasing age, for both SCD and non-sudden death, although 
the risk for non-sudden death increases more with increasing age, the 
incidence of SCD being highest in the older age groups [18]. In Sweden, the 
median age of patients with an out-of-hospital cardiac arrest was 72 years in 
2003 [4]. Out-of-hospital cardiac arrest is more common among men. The 
proportion of women who suffer from cardiac arrest increases with increasing 
age and was overall 29% during 2005 [4]. Despite the decrease of death rates 
in ischemic heart diseases, the mortality is still high in Europe [1, 3]. In the 
USA the decline in mortality due to ischemic heart disease was shown to be 
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mainly due to reduction in the in-hospital mortality while the out-of-hospital 
mortality reduction was far less [16]. 
 

Basic life support 
Within the area of cardiac arrest, Basic Life Support encompasses the 
recognition of cardiac arrest, opening of airways and performing ventilations 
and chest compressions i.e. performance of CPR with no equipment. 
American Heart Association [19] defined the concept in year 1974 as 
follows:  
�Basic Life Support is an emergency first aid procedure that consists of the 
recognition of airway obstruction, respiratory arrest, and the proper 
application of cardiopulmonary resuscitation (CPR). (p. 838) 
In 1986 prevention of circulatory or respiratory arrest was added to the 
concept. Prevention should be obtained through prompt recognition and 
intervention and an early access to the emergency medical services [20].  
 
An accurate application of CPR presupposes recognition of and correct 
diagnosis of cardiac arrest. There is, however, a lack of scientific evidence 
for lay peoples� ability to distinguish between respiratory arrests and cardiac 
arrests. It has been shown that pulse control is time consuming and difficult 
for both laypersons [21] and health care professionals [22] to perform 
correctly. In the international guidelines, teaching of pulse control was 
therefore eliminated for lay rescuers [23, 24]. It has been discussed whether 
bystanders could perceive occasional gasps as if the patient is breathing, 
which in turn could result in mistakenly withholding CPR. In Sweden this 
has led to the decision to continue the teaching of pulse control to lay people 
even though current European Resuscitation Guidelines recommend lay 
people to start CPR �if a victim is unconscious (unresponsive) and not 
breathing normally� [25] (p S12). 
 

The history of Cardio-pulmonary resuscitation   
CPR encompasses both mouth-to mouth ventilation and chest compressions.  
Mouth-to-mouth ventilation as the technique for artificial ventilation was 
used already in the 18th century but was later abandoned. In 1946, during the 
poliomyelitis epidemic when victims suffered from paralysis of the breathing 
muscles, this method was rediscovered. The American Medical Association 
endorsed mouth-to mouth ventilation as the technique for artificial ventilation 
in 1958 [26]. When mouth-to-mouth ventilation was combined with closed 
chest compressions in 1960, modern CPR was born even if the term CPR was 
used for the first time in 1962 [26]. 
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Closed chest compressions were described for the first time as a method for 
emergency circulation by Boehm in 1878, as cited by Kouwenhoven et al 
[27]. It was rediscovered in the 1950�s, and in 1960 Kouwenhoven showed 
the effectiveness of closed chest compressions as a method for artificial 
circulation on humans. After the invention of a closed chest defibrillator in 
1957, Kouwenhoven and his co-workers discovered that �return of 
spontaneous heart action� was unlikely to occur if the counter shock was not 
applied within less than three minutes.  Closed chest compressions were 
therefore invented in order to extend the time in which defibrillation could be 
effective without opening the chest. Previously, the method of open chest 
cardiac massage was used, which limited resuscitation efforts to a very few 
patients. Closed chest compressions had a huge advantage compared to the 
open chest cardiac massage since it required no equipment at all. The only 
thing needed was the rescuers two hands [27].  
 
The technique used by Kouwenhoven was very much the same as it is today, 
even if the explanation of why it works has been changed during subsequent 
years.  Kouwenhoven�s explanation was that circulation was obtained by 
chest compressions as the blood was forced out when the heart was 
compressed between the sternum and the vertebra. It was later shown by 
echocardiography, that the cardiac valves become ineffectual during 
resuscitation and that coughing alone could maintain circulation during 
ventricular fibrillation [28], facts which contradicted Kouwenhoven�s theory. 
The mechanism behind circulation obtained by chest compressions ought 
therefore to be variations in the intra thoracic pressures.  Even this theory has 
been modified by later studies, it seems as if both mechanisms work 
depending on the time elapsed during ongoing CPR [29]. The results from the 
study made by Ma et al. [29] indicate that it is the direct compression of the 
heart (= the heart pump), which causes flow in the early phase of CPR. When 
time elapses, the left ventricle and the mitral valve become increasingly stiff.  
When, due to stiffness, the mitral valve remains open, variations in the intra 
thoracic pressures play the dominant role as the flow inducing mechanism   
(= the chest pump). 
 
Kouwenhoven also argued that closed chest compressions provided some 
ventilation of the lungs, so if only one person was present in the case of an 
arrest, this person should concentrate on the chest compressions only. Only if 
two or more persons were available, mouth-to-nose ventilations should be 
provided as well [27]. Recent studies have demonstrated the importance of 
more time to �flow generating activities� during resuscitation [30-34].   
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The history of CPR education 
In the beginning, CPR was taught only to health care professionals. The first 
recommendations regarding CPR came at the National Academy of Sciences 
- National Research Council (NAS-NRC) conference in 1966 in the USA. 
The recommendations included medical, allied health, and other professional 
personnel to be trained in the external chest compression technique according 
to the standards of the American Heart Association (AHA). However, it was 
soon realized that training programs had to be extended to the general public. 
In 1973 AHA and NAS-NRC sponsored the National Conference on 
Standards for CPR and Emergency Cardiovascular Care (ECC), in which the 
recommendation came to include the general public in CPR training [35]. It 
was early recognised that there was a great need for these skills among 
certain groups in the society. The recommendation in 1973 therefore stated 
that the training should be started with specific need-groups such as 
�policemen, firemen, lifeguards, rescue workers, high-risk-industry workers, 
and families of cardiac patients� [35](p, 838). It should also be expanded to 
include training for school children and other sectors of the general public. In 
1992 AHA recommended CPR training for relatives and close friends of 
persons at risk. This need was also reemphasised in the International 
Guidelines 2000 [36]. 
 
In Sweden the first CPR training programme, directed to both health care 
professionals and lay people, was conceived in 1984. It was developed by the 
Swedish Society of Cardiology�s (SSC) working-group of CPR on the 
commission of the SSC. The American Heart Association course in USA 
served as a model in the development of the Swedish CPR training 
programme. Since 1985, when the first CPR training course took place, 
approximately 2.5 million people have been trained in CPR in Sweden [37]. 
Dissemination of knowledge and skills has been based on the cascade 
principle. Where main-instructors educate instructors, who in turn educate 
rescuers. For maintaining the quality of education the courses were 
standardized and for being allowed to teach, a formal training to be instructor 
was compulsory. Anyone with an interest in teaching and who are able to 
perform CPR properly can be educated and become certified instructor. 
Additionally, voluntary organisations such as the Swedish Red Cross and the 
Swedish Life Saving Society have also served as important actors in the 
dissemination of CPR knowledge in Sweden. 
 
The SSC working group of CPR, which was reorganized and became the 
Swedish Resuscitation Council in year 2005, has been responsible for the 
development of courses since the beginning. The foundation for this 
development is scientific evidence, which has been mainly based on medical 
experience. International guidelines have guided the changes, even if some 
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exceptions have been made in Sweden e.g. retaining the pulse control in the 
teaching of lay people.  
 
Factors of importance for survival and outcome after 
cardiac arrest 
Survival after cardiac arrest due to heart disease has increased over the past 
decades in some parts of the world [6, 38]. In Sweden, survival rates have 
remained relatively unchanged. However, this fact needs to be viewed in 
relation to the increase in age among out-of-hospital cardiac arrest victims 
and to the fact that ventricular fibrillation as the first recorded rhythm has 
decreased [39]. 
 
Survival is normally defined as discharged alive from the hospital after 
resuscitation. Even if the neurological outcome is important, this outcome has 
seldom been reported. This has now, however, been included in the recent 
update [40] of the guidelines for uniform reporting of data from out-of-
hospital cardiac arrest [13]. According to this update, discharge alive, 
together with the neurological outcome at discharge, is the absolute minimum 
required data regarding the outcome for continuous quality improvement 
[40]. In the event of an out-of-hospital cardiac arrest, the chances of survival 
depends on several factors. 
 
Chain of survival 
The �chain of survival� concept was introduced in 1991 by Cummins [5]. The 
best chance of survival exists when the following sequence of events occur as 
rapidly as possible (Figure 1). 

 

Figure 1. The �chain of survival� adopted from the Swedish guidelines 2001 
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The first link in the chain of survival, early access, emphasises that the 
Emergency Call Services (ECS) must be alerted as quickly as possible. The 
second link, the early CPR link, emphasises that CPR should be started 
immediately after the cardiac arrest is recognized and the emergency medical 
services have been alerted. Bystander CPR is further described under a 
separate heading. The value of this link is to buy time for primary cardiac 
arrest patients by maintaining enough circulation to protect the brain and the 
heart from anoxic damage until defibrillation can be performed. These first 
two links are completely dependent on the layperson�s ability to intervene in 
an out-of-hospital cardiac arrest. Early defibrillation constitutes the third link 
whilst the fourth link, early advanced CPR, includes intubation and 
medication.  
 
The �chain of survival� concept has often been used to search for weaknesses 
in the system in order to make improvements. Several studies have shown 
that it is possible to raise survival rates by strengthening the links in the 
�chain of survival� [6, 11, 41-44]. To strengthen the first two links in the 
chain of survival, it is first of all necessary to educate lay people in 
recognizing early warnings signs of a cardiac event in order to call an 
ambulance before the cardiac arrest occurs. Whilst there is not always an 
early warning sign present [45], it is important to know what to do when the 
cardiac arrest has happened. In order to save lives, CPR training for lay 
people is therefore very important.  
 

The location 
The location of the cardiac arrest has been reported as an independent factor 
for survival [46-49]. Jackson and Swor found that patients who had suffered 
from their arrest witnessed outside their home, received bystander CPR 
nearly four times more often and were twice as likely to survive than those 
who suffered from a witnessed cardiac arrest at home [46]. Even if the 
proportion of patients with witnessed cardiac arrests at home who received 
bystander CPR have increased over the years in Sweden, this proportion is 
still lower than if the cardiac arrest occurs outside home (39% vs 60%, in 
2001) [50, 51]. The reasons are debatable. One reason could be that the 
bystander is too old or is incapable of starting CPR. It has been shown that 
patients who experienced their cardiac arrest at home were older than those 
who had their arrest in other places [46, 48, 52].  
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Age, gender and co-morbidity 
Figures from the Swedish Cardiac Arrest Registry show that the proportion of 
patients who received bystander CPR decreased with increasing age [53], 
which in turn reduced survival. In addition, older people are often afflicted by 
various diseases, which may also reduce survival as shown by Waalewijn et 
al. [45]. Patients with no medical history of cardiovascular disease had a 
better chance of surviving compared to those with a previous history of 
cardiovascular disease. The lowest chance of survival was among those 
patients who had a history of heart failure and diabetes [45]. 
 
Whilst age has, in some studies, also been found to be an independent factor 
associated with decreased chance of survival [6, 9, 49, 53], others have 
shown that the outcome after out-of-hospital arrest among the elderly is not 
universally futile. Swor et al. [54] found no difference in survival between 
those aged 60-69 and 70-79 compared to the reference group 50-59 years of 
age. The survival rates were eight and seven percent respectively, compared 
to 10% among those aged 50-59. Only in the age group of 80 and over, where 
the survival rate was four percent a significant reduction in survival was 
found [54]. Earlier Bonnin et al. [55] also found a survival rate of seven 
percent among victims over 70 years of age, and in those whose first 
recorded rhythm was ventricular tachycardia/ventricular fibrillation the 
survival was higher (14%). 
 
Regarding survival in relation to gender, Fairbanks et al. [8]  found no 
difference in survival between males and females. However, in studies 
covering considerably larger data material, females have been shown to 
survive to a higher degree than men [9, 56]. 
 
Cause of cardiac arrest and heart rhythm 
Survival from cardiac arrest due to heart disease has been higher than 
survival from cardiac arrests due to other causes [57]. In a study by 
Waalewijn et al. [45], the foremost chance of survival was among those who 
had pre-arrest symptoms such as chest-pain or syncope/dizziness, as these 
were more likely to have ventricular fibrillation as the first recorded rhythm. 
This indicates that those patients probably had suffered from an acute 
myocardial infarction but the patients� final diagnoses were, however, not 
presented in the study.  
 
Ventricular fibrillation as the first recorded rhythm after a cardiac arrest has, 
by many authors, been found to be associated with a better outcome [6, 49, 
58-61]. The reason for this is partly due to the fact that it is possible to 
convert the arrhythmia to sinus rhythm by an early defibrillation, but also due 
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to the underlying mechanisms. The proportion of patients found in ventricular 
fibrillation decreases with the time elapsed between the cardiac arrest and the 
arrival of the ambulance [51, 62]. Since all cases of ventricular fibrillation 
deteriorate to asystole over time, a ventricular fibrillation could indicate a 
shorter time since the cardiac arrest started [62]. The incidence of cardiac 
arrests with ventricular fibrillation as the first recorded rhythm has shown a 
decreasing trend over the past decades in e.g. USA [63] and in Europe [11, 
51, 64, 65]. The proportion of other rhythms, i.e. asystole and Pulseless 
Electrical Activity (PEA) has, therefore, increased even if the actual number 
of asystole and PEA did not increase [64]. The reason for the decrease of the 
proportion of patients found in ventricular fibrillation in out-of-hospital 
cardiac arrests has been discussed. There was a slight increase in response 
time in the Finnish study [64]. In the Swedish study there was also a slight 
increase in response time during the period 1991-2001 [51]. The response 
times may therefore have had some influence on the decrease in the 
occurrence of ventricular fibrillation as the first recorded rhythm, however 
the explanation is probably far more complex. 
 
 
CPR 
Bystander CPR   
The definition of bystander CPR according to the recent update and 
simplification of the 1991 Utstein document [40] is as follows:  

�Bystander CPR is CPR performed by a person who is not responding 
as a part of an organized emergency response system approach to a 
cardiac arrest. Physicians, nurses, and paramedics may be described 
as performing bystander CPR if they are not part of the emergency 
response system involved in the victim�s resuscitation� (p. 3387).  

Thus, the bystander can be a layperson or in certain situations physicians, 
nurses or paramedics if they are on hand and off duty.   
 
As most cardiac arrests occur outside the hospital and time is crucial, lay-
bystanders can make a difference between life and death.  If a bystander 
starts CPR, the chances of survival increase significantly [41, 49, 50, 58, 60, 
66]. The odds ratio for improved survival after cardiac arrest has been shown 
to be 2-2,5 when a bystander starts CPR [49, 50, 58]. It has been shown that 
bystander CPR prolongs the time during which ventricular fibrillation persists 
and defibrillation may be successful [42, 60, 62, 67]. The earlier bystander 
CPR is started the better the outcome [68].  Therefore the need to promote 
more and improved CPR universally is urgent as stated in the International 
Liaison Committee on Resuscitation (ILCOR) Advisory Statement 2001 [69]. 
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CPR training for families to cardiac care patients  
In those cases when the cardiac arrest occurs in the patients� home, the 
persons most likely to witness this event are the family members, most often 
the spouse. The resuscitation councils therefore advocated early on that 
families of cardiac patients should be trained in CPR [35, 36]. This does not, 
however, seem to have been accomplished. Those trained are often younger 
persons who are not related to anyone likely to suffer from cardiac events 
[70, 71]. The reason for lack of CPR training among families to cardiac 
patients may be due to lack of effort in reaching this specific group, as 
patients or family members rarely receive a recommendation from health care 
professionals to attend a CPR course [72, 73]. Most people attend the CPR 
course due to job or school requirements and few due to the fact that they are 
living with someone with an increased risk of experiencing a cardiac arrest 
[71, 73]. To reach volunteers for CPR training in the community that are 
matching the risk groups by advertising, is a strategy which has been proved 
useful by Lester et al. [74]. 
 
There are some studies reporting CPR training for the target group [75-84]. In 
one of the early studies, Dracup et al. [76] found more anxiety among the 
patients when their family members had learned CPR. Later Dracup et al. 
[79] showed that combining the CPR training with social support led to better 
psychosocial adjustment and less anxiety among the patients. The patients 
were not involved in the training in any of the studies made by Dracup et al. 
[76, 79]. Among patients partaking in a cardiac rehabilitation programme, 
Ingram et al. [83] observed no significant differences in depression, anxiety 
or perceived control between those patients who participated in CPR training 
and those who did not. The benefit of CPR training for family members has 
also been shown to increase their perceived control [75] and reduce anxiety 
[82, 84]. However, being trained in CPR does not guarantee that a person 
starts CPR [52, 66, 85]. Swor et al.[85] showed that family members, even 
though they often witnessed the cardiac arrest, seldom started CPR even if 
they were trained in CPR. Panicking (38%), fear for not being able to 
perform CPR correctly (9%) and fear of hurting the patient (1%) or 
unwillingness to perform mouth-to-mouth ventilations (1%) were reasons 
described.  
 
Quality of CPR  
Ongoing circulation for as much of the time as possible is the ultimate 
prerequisite for good quality CPR. During recent years the necessity to 
minimize interruptions in chest compressions have attracted much attention 
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and finally the compression to ventilation ratio was changed to 30:2 in the 
International Guidelines in year 2005 [25].  
 
Some early studies showed that the quality of CPR, in terms of deep enough 
chest compressions and ventilations, has a great influence on survival rates 
[86-88]. Performance of both adequate ventilation (with visible expansion of 
the chest wall during mouth-to-mouth ventilation) and compressions (with 
palpable carotid or femoral pulse during chest compressions), was regarded 
as good CPR in the study by Wik et al. [87], and by Gallagher et al. [88]. 
Patients who received CPR, which was regarded as inferior or not effective, 
had the same poor outcome as those who received no CPR. Moreover 
inadequate compressions did not improve survival even if the ventilation was 
adequate [88], and in those cases where only mouth-to-mouth ventilation was 
applied the survival was no better than if no CPR at all had been used [86, 
88]. In those cases when CPR was performed effectively ventricular 
fibrillation was more common as the first recorded rhythm [86, 87]. Good 
CPR was applied in approximately half of the cases that received bystander 
CPR [86-88].  
 
In a study by Holmberg et al. [68] the odds ratio for survival one month after 
the cardiac arrest was 4.9 if the bystander was a medical professional person, 
compared to 2.5 if the bystander was a layperson. In a subsequent study 
survival rates were compared between the group of patients who received 
bystander CPR by lay people and the group who received bystander CPR by 
a professional person. The result showed an adjusted odds ratio for survival 
of 1.3 (95% CI: 1.06-1.62) among patients who received bystander CPR from 
professionals. This indicates that medical professionals perform better CPR 
than lay people. In the study by Wik et al. [87], good CPR was performed 
less often by lay bystanders than by professional bystanders. Of the 70 
patients who received good bystander CPR, 23% survived to hospital 
discharge compared to 1% of those who received inadequate bystander CPR. 
 
The importance of learning good and effective CPR is obvious. As both skill 
acquisition and retention has been shown to be poor following CPR education 
in several countries [89-93], ILCOR stated that skills must be improved by 
better training methods and simplified procedures [69]. The ILCOR 
document also stated that existing and new training methods have to be 
evaluated by more specific and detailed measurements.  
 
Various training methods and CPR performance 
Ever since the start of the first Swedish CPR training programme, an 
instructor has taught CPR in three-hour courses. In the beginning one 
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manikin was used for a group of six to eight participants. In 1992 pair wise 
training was introduced with the use of one manikin for each pair of 
participants. This was introduced for enhancing hands-on training and 
making training more realistic. The idea was also to provide a better 
preparation for real life situations. Only single rescuer CPR has been trained 
at this level even though the same educational programme has been used for 
health care professionals.  
 
The tradition of teaching CPR has been based on the instructor serving as a 
role model, not only in Sweden but also in most other countries. The 
requirement for instructors has been; to be able to perform CPR correctly, to 
provide enthusiasm and motivation. The pedagogic teaching and training for 
instructors has been limited to a course lasting only a few hours. As 
traditional instructor-led courses have been shown to often fail, resulting in 
adequate CPR performance [69, 91, 93-97], other pedagogic approaches have 
been tested. Instructors have been found to provide too much information 
leading to little time for practical training, omitting to correct mistakes and 
omitting to provide feedback. As the instructors were shown to be a weak 
link [69, 95], teaching methods that omits the instructor have been developed 
[98]. The use of video self-instruction with one manikin for each participant 
has lead to better skills in some studies [98-100] and no worse in others [101, 
102]. The proportion of correctly performed chest compressions and 
ventilations were, however, low in the group that received video self 
instruction, even if it was clearly better than among those trained in 
traditional instructor-based courses in the study by Bacheller et al. [99]. 
Whilst there have been and still are  ongoing needs for enhancing the skills of 
performance, other instructional methods have been tested. 
 
The use of automated feedback during training has shown promising results 
with improved ventilation and compression skills even six months after 
training, when subjects trained repeatedly after the initial training [103, 104].  
 
Another method for enhancing skills of performance tested earlier was staged 
teaching which involved three stages called bronze, silver and gold [96, 97, 
105, 106]. In the first stage i.e. bronze the rescuers were taught; summons 
help, open airway and if no response - start with chest compressions without 
checking for pulse. After every set of 50 chest compressions a check of and 
opening of airways was taught. No ventilations were performed at this stage 
[105]. During this stage in the test, when a simplified technique for finding 
the compression position was used, it was shown that the main advantage 
with this method compared to conventional training was the huge difference 
regarding the number of chest compressions over time. Chest compressions 
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�too shallow� were common in both groups [96]. In the second stage �silver�, 
ventilations were added and 50 chest compressions followed by five 
inflations were taught [107]. Those who attended this second training 
occasion performed better than those retrained in the conventional course 
regarding correct compression rate. However, participators in the 
conventional group performed ventilations correctly in a higher degree than 
those in the staged teaching group in this test. Prior to the third training none 
of these differences between groups remained in the test [107]. 
 
The Swedish Resuscitation Council adopted the principles of self-training 
and �training while watching� using personal manikins. Since November 
2006 the Swedish educational programme encompasses a DVD-based 
training course with the use of personal manikins [108]. 
 
Various methods for evaluation  
In the systematic work of describing quality of CPR performance, a number 
of methods have been used both for measurement of skills and for  rating the 
individuals performances. In step with the development of new technology,  
new methods have been utilized. 
 
Early on the use of printouts from recording manikins enabled objective 
measurements of chest compressions and ventilations. However for 
compiling the results in order to compare results between different groups, 
and to given guidelines, additionally instruments were needed. Berden et al. 
[109] introduced a scoring system with penalty points ranging from five to 
twenty depending on the seriousness of the mistakes made. Only mistakes 
regarding ventilations and chest compressions were assessed. Minor mistakes 
rendered five points. Mistakes that probably would result in failure to 
resuscitate rendered twenty penalty points (fatal mistake). A pass score of 15 
penalty points was set i.e. three minor mistakes, or one minor and one 
moderate. This method was also used by Jansen et al. [89] in combination 
with a checklist to test general practitioners in their CPR skills. In 
conjunction with the checklist and penalty scored printouts, they performed a 
general impression rating. The checklist used entailed both the diagnostic 
procedures and CPR performance. They found poor correlation between the 
checklist and the score from the manikin recording prints. Additionally, the 
correlation between general impression and the scores of printouts was low. 
The observers did not identify poor performance regarding chest 
compressions and ventilations, and rated higher number of participants as 
performing adequate CPR. There was also a low correlation between scores 
of the diagnostic procedures and CPR performance. The authors therefore 
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recommended the use of a checklist for the diagnostic procedures and use of 
recording strips for evaluation of CPR performance. 
  
Another standardised method used for evaluation of performance of �one 
rescuer CPR� was �the Cardiff Assessment of Response and Evaluation� 
(CARE) for measurements of the diagnostic procedure. This instrument was 
often used in combination with video recordings in combination with 
recording manikin printouts (VIDRAP) [92].The method to analyse printouts 
is time consuming and has the limitation that only a short period of the CPR 
performance is analyzable. When the Laerdal manikin Skillmeter Resusci 
Anne was introduced, it became possible to evaluate longer periods of CPR 
performance and receive a summary of committed errors. This manikin also 
included information on assessments of consciousness, opening of airways 
and pulse control. Nyman et al. [90] used the Skillmeter Rescusci Anne 
manikin with no checklist in the evaluation of CPR performance among 
nurses. However, many nurses performed the check for breathing before they 
opened the airway, which is not possible to detect on the screen. Combining 
Skillmeter measurements with a checklist makes, therefore, closer 
descriptions of performance possible.  
 
Brennan et al. [110] developed a 14-item CPR checklist for the evaluation of 
skill performance together with an overall five scale rating. The first seven of 
the 14-items were according to earlier guidelines: 1) checks for 
unresponsiveness 2) calls for help 3) opens airway 4) checks breathing 5) 
attempts two breaths 6) checks the carotid pulse 7) locates compression 
position. The following items could, however, be measured by an 
instrumented manikin. All items were described in detail on how to be 
evaluated and a standardised evaluator script was supplied. Brennan 
recommended that the minimum set of data should include items 1-7 to be 
used this in connection with an instrumented manikin. The Brennan et al. 
checklist has been used in connection with the Skillmeter manikin in several 
studies [98, 99]. 
 
Since the development of the Laerdal SkillReporter system, the collecting of 
a large number of data has been facilitated. This system has been used in a 
number of recent studies [100, 101, 111]. The SkillReporter system does not, 
however, replace an observer for the first steps i.e. assessment of 
consciousness, breathing control and the alerting of the emergency system.  
 
For evaluating more complex procedures e.g. the use of semiautomatic 
defibrillators, a checklist for objective observation has been developed in 
Finland, called Objective Structured Clinical Examination (OSCE). This 
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instrument has been used for assessing and comparing resuscitation skills 
between nurses working in two university hospitals in Finland and Sweden 
for the development of an educational programme [112]. 



 25

RATIONALE FOR THE STUDY 
________________________________________________ 
 
Knowing the importance of CPR training among spouses and co-habitants to 
persons with various heart diseases, it seemed important to investigate the 
proportion of cardiac care patients living with a person who could be 
prepared to intervene in case of a cardiac arrest, i.e. trained in CPR. As a 
positive attitude towards CPR and CPR training ought to be a requirement for 
attending a CPR course, it also seemed important to investigate cardiac care 
patients� attitude towards such training. 
 
As we know that the quality of CPR is crucial for survival it is important to 
assure the quality of performance. During the past years a variety of different 
scoring methods have been used in order to evaluate CPR skills. However, 
there is still a need for objective methods for measurement, which are simple 
to use. Testing new methods for objective measurements with respect to their 
ability to investigate skills of CPR performance in a detailed manner, is 
therefore of interest. In a pilot study nurses working at a coronary care unit 
were tested mainly to investigate the appropriateness of the method. These 
nurses are well trained and ought to perform good CPR.  
 
Laypersons attending CPR courses in the regime of local Heart and Lung 
Associations could be representative for those most likely to witness out-of-
hospital cardiac arrest and thereby forced to use their skills. Knowing that 
both skill attainment and retention have been poor among laypersons in other 
countries, we wanted to access how CPR skills were attained and retained 
over a short period of time in this group trained within the Swedish 
educational programme. 
 
Knowing that family members are often witnesses to cardiac arrests and often 
omit starting CPR, even if they are trained in CPR, their experiences are 
important to describe. We wanted to gain a deeper understanding of how 
spouses witnessing cardiac arrest at home perceive and interpret this event 
and how they react and act. Using qualitative methods, the results are 
inductive - derived from the information given by the informants. This 
approach may make new insights possible.  
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AIMS OF THE STUDY 
______________________________________________ 
 
The overall aim with this thesis was to describe various aspects of CPR for 
finding approaches for enhancing bystander interventions. The interest was 
focused on cardiac care patients and their co-habitants. 
 
This included the following aims: 
 
 

• To investigate cardiac care patients� attitude towards CPR and 
interest in CPR education.  

 
 

• To investigate the level of education in CPR training among cardiac 
care patients and their co-habitants and to describe the possibilities 
for, and obstacles to, CPR training among this group. 

 
 

• To test a model of quality assurance, containing a computer program, 
combined with the Brennan et al. checklist, for evaluation of CPR 
performance.  

 
 

• To investigate the quality of CPR performed on a manikin 
immediately after CPR training and three months later.  

 

 
• To describe spouses� experiences during the cardiac arrest at home 

focusing on the time before the event and when it happened.  
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MATERIALS AND METHODS 
_______________________________________________ 

Participants 
The samples in this thesis derive from four different populations (Fig. 2). In 
study II and III, all patients admitted to the coronary care unit during a four-
month period (September 15- December 14, 2000 and January 15 - February 
15, 2001) were considered for participation (for further details see Paper II). 
Of the 473 patients invited to participate in the study, 401 accepted (Paper 
II). Paper III deals with those who were co-habiting among the 401 patients 
(n= 268) (Fig. 2).  
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Studied areas and their included participants 
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A suitable sample of 10 nurses and enrolled nurses were included in study I. 
They were all working in a coronary care unit at a Swedish university 
hospital. Those who were eligible worked during the two days in February 
1999 when the study was carried out. In the following, all participants in this 
study (Paper I) are called nurses.  
 
The quality of CPR performance was studied in this group (Paper I) and 
among laypersons who attended a CPR course in the regime of a local Heart 
and Lung Association (Paper IV). Among 55 participating in the courses, 41 
were willing to participate in the study and were tested after training. Three 
months later, 32 participants returned for the second test (Fig. 2). The study 
was conducted between January 2004 and June 2006.  
 
For describing spouses� experiences when the cardiac arrest occurred at home 
(Paper V), fifteen spouses or co-habitants (in the following called spouses) 
were interviewed. Spouses, who had been present when the cardiac arrest 
took place in January 2004 and the time following, were considered for 
participation. The inclusion processes started in April 2006 and proceeded 
until the desirable number of participants was reached in January 2007. The 
patients were identified via the Swedish Cardiac Arrest Register. A total of 
85 patients below the age of 80 years were brought to the Sahlgrenska 
University hospital during the period 2004-01-01 until 2006-03-21 after  
suffering  a witnessed cardiac arrest at home of probable cardiac cause. The 
medical records for these patients were examined and in 36 of these cases it 
was possible to identify the name, address and telephone number for the 
spouse who had been the witness. A prerequisite of participation was to be 
able to speak and understand the Swedish language. Of the 36 spouses invited 
to participate in the study three were not possible to reach by telephone and 
18 declined participation. 
 

Data collection and procedure 
Attitudes towards CPR and CPR training, possibilities and 
obstacles to training; Paper II and III 
To obtain information on the patients� previous medical history, a form was 
developed. The form was designed to obtain information on any previous 
history of myocardial infarction, angina pectoris, any coronary intervention 
procedure (CABG or PCI), hypertension, heart failure, diabetes mellitus, 
cerebral infarction, intermittent claudiocation, previous cardiac arrest, cancer 
or any chronic disease. Data collection for this form was based on interviews 
in combination with assessment of the medical records.  
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To investigate the patients� attitude towards CPR and interest in CPR 
education, a questionnaire was developed (Paper II). This questionnaire 
contained questions regarding the patients� knowledge of the concept CPR 
and if they would like someone to start CPR on them in case of an emergency 
(3 questions). It also contained questions regarding their awareness and 
attitude towards CPR education (16 questions) (further details see Paper II).  
 
Above-mentioned questionnaire also contained questions only targeted to 
those who were co-habiting in order to investigate the proportion of patients 
and co-habitants trained in CPR, together with the possibilities for, and 
obstacles to, CPR training among this group (Paper III). Beside questions 
regarding the patient�s knowledge, level of education in CPR training and 
willingness to participate in CPR training, this part contained questions 
regarding the co-habitants level of training. Questions regarding the patients� 
willingness to attend a course together with their co-habitant were also put 
together with questions relating to possible obstacles for such training. In 
total this part consisted of 14 questions (for further details see Paper III).  
 
Patients were interviewed during their period of hospitalisation. The 
participants were given the opportunity to initiate discussions concerning 
their thoughts and feelings of the subject under investigation. The  duration of 
the interview, therefore, varied between half an hour and over one hour. 
 
Quality of CPR performance; Paper I and IV  
In an unannounced test, participants (Paper I) were asked to take part in an 
evaluation of CPR education. In Paper IV participants were tested 
immediately after the CPR training course and three months later. On all test 
occasions, participants were told that this was meant to be a realistic 
emergency. They were asked to do whatever they thought was needed in 
order to save the victims life. They were not explicitly asked to perform CPR. 
All participants were given the same information before evaluation. The 
information used was a translated form of the Brennan et al. [110] 
information. During evaluation no directions or information was given. The 
Laerdal Skillmeter Resusci Anne� (Paper I) and the Laerdal Resusci Anne 
SkillReporter manikin (Paper IV) connected to a laptop computer with 
special software, was used as a victim. 
 
Checklist 

As a tool to evaluate the examination skills and to ensure the correct 
sequence up to initiation of CPR, the short version of the Brennan et al. [110] 
checklist was used. This checklist describes the steps, which are not reported 
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or incompletely reported by the instrumented manikin. The checklist was 
adjusted to the Swedish educational programme (Appendix). When the 
participants examined the victim, the checklist was used to code the 
examination skills (0= not performed, performed incorrectly, or performed 
out of sequence. 1= performed as described). This result was summarised to 
make a checklist performance scale, with a possible range from zero to seven 
points.  
 
Test equipment 

An instrumented manikin was used in both studies. In Paper I a Laerdal 
Skillmeter Resusci Ann � manikin was used. Due to the development of the 
computer software used in connection with the manikin, a later version of 
Laerdal manikins was used in Paper IV i.e. the Laerdal SkillReporter 
manikin.  

A variable resistor in the Laerdal Skillmeter Resusci Ann � manikin (Paper 
I), measuring the rise of the chest wall, measured the inflation volume. The 
inflation volume divided by the time for inflation calculates �flow rate�. To 
measure the compression depth, a variable resistor similar to the one for 
measuring inflation volume is used. In the Laerdal SkillReporter manikin 
(Paper IV) the measurements are digital. Two optical-encoders are used; one 
for measuring the rise of chest wall and one for measuring the chest wall 
displacement during chest compression. These sensors generate digital 
signals to the main processor in the manikin for translation to mm and ml. 
These data are then sent to the SkillReporter programme for statistical 
calculations.  

 

Measurement uncertainty 

The measurement uncertainty is the same for the two manikins. Regarding 
parameters concerning time and number results are very precise and 
measurement uncertainty is, in praxis, of no importance, whilst the 
parameter�s compression depth and inflation volume have a tolerance of 
±15% at delivery from Laerdal; 

 Ventilation parameters:  average inflation volume ±15% 

  Flow rate ±15% 

  Inflation minute volume ±15% 

Compression parameters: average compression depth ±15% 

  Minute compression depth ±15% 
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Concerning compression depth, the SkillReporter manikin has a tendency to 
underestimate, which has been compensated for in the version from 2007. 
The degree of this underestimation lies precisely within the limits of ±15% in 
the depth 38 mm and reduces gradually in depths ≥38mm. 

 

Computer software 
The software, specially designed by Laerdal for evaluation of CPR skills, was 
connected to a Laerdal Skillmeter Resusci Ann � (Paper I). The software 
contains the usual parameters measured by a Laerdal Skillmeter Resusci 
Anne�: session duration for the CPR event (measured in seconds), number 
of inflations and chest compressions done together with the percentage of 
correct inflations and chest compressions according to European 
Resuscitation Councils (ERC) standards 1992 [113]. Mistakes, if any, are 
also reported. The inflation volume and flow rate regarding each ventilation 
are measured but not shown on the Skillmeter screen. From these parameters, 
the computer calculates the following new parameters; average number of 
inflations per minute and, �Inflation minute volume�. Concerning chest 
compressions; average number of compressions per minute and �Minute 
compression depth� are measured and calculated by the computer. In Paper 
IV we used a commercial version of this software; Laerdal SkillReporting 
System, in connection with a SkillReporter manikin. The ERC guidelines 
2000 [24] were used in the programme.  
 

The number of ventilations per minute is measured from the first ventilation 
to the last in the SkillReporter programme. Likewise, the number of chest 
compressions per minute is measured from the first chest compression to the 
last chest compression. In the earlier version i.e. the Skillmeter, the 
measurement of the number of ventilations and chest compressions is based 
on the time from �CPR started to CPR stopped�, which is defined as the time 
from the first compression or ventilation to the last compression or 
ventilation. Therefore the results from the Skillmeter version may differ from 
those measured by the SkillReporting system. 

  

Experiences of cardiac arrest; Paper V 
Interview 
The spouses were interviewed 10-27 months (median 22 months) after the 
cardiac arrest event. To gain a deeper understanding of spouses� experiences 
during a cardiac arrest at home, personal interviews face-to-face were 
conducted. The participants� narrative of their experiences was initiated with 
the question; can you please tell me as detailed as possible, what happened? 
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Thereafter the principles for being a good listener and confirming the 
interviewee were paramount for the interviewer. This included a critical 
careful control that the true meaning of what they said was correctly 
understood while listening between the lines for implicit messages [114]. The 
interviewees were encouraged to freely narrate their story. Probing questions 
were asked to assure that the spouses� experiences were properly elucidated. 
An interview guide was used to assure they all covered the same content 
areas. Perceptions, thoughts and feelings, reactions and actions during the 
event were focused on.  
 
A digital recorder was used. The interviews were transcribed verbatim and 
edited for accuracy. Before the systematic process of analysis started all 
interviews were performed and transcribed.  
 
Two pilot interviews were made for test of questions prior to start of the 
study. As these informants were not a part of the inclusion process as 
described above, these interviews were not included in the study. 
 
Data analysis 
Statistics 
In Paper I no statistical calculations were performed. In Paper II Pitman�s 
non-parametric permutation test was used to evaluate willingness to undergo 
CPR with regard to various characteristics and disease situations. The Chi-
square test was used for comparisons between men and women and between 
age groups regarding willingness to attend CPR training in Paper III. In the 
comparisons the alternatives in the variable were dichotomized to �yes and 
unsure/no�. An estimation of the Odds Ratio regarding willingness to attend a 
CPR course with reference to age was also performed. 
 
In Paper II and III responses, which did not fit into the pre-formulated 
alternatives, were classified under �other�. Similar responses were grouped 
together and frequencies were counted. 
 
To determine differences between participants attending both tests and those 
who did not return to test number two, regarding discrete variables (sex and 
co-habiting or not) Fisher�s Exact Test was used in Paper IV. Regarding 
continuous and ordered variables (age, number of previous courses and 
proportion of correctly performed ventilations and chest compressions) the 
Mann-Whitney U test was used. In the evaluation of differences within the 
group regarding skills in test number one and two the Wilcoxson Sign Rank 
test was used in Paper IV. 
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All p-values were two-tailed and considered as significant if less than 0.05. A 
summary of the statistical analysis is presented in Table 1. 
 
Table 1. Statistical analysis used in Paper II-IV 
 
 Paper number 

Comparison between groups 
 

Pitman�s non-parametric permutation test II 
Chi-square test III 
Odds Ratio III 
Fisher�s Exact Test IV 
Mann-Whitney U test IV 

Comparison within the group 
 

The Wilcoxson Sign Rank test IV 
 
 
� Not everything that can be counted counts, and not everything that counts 

can be counted� 
- Albert Einstein as cited by Patton [115] page 12 

 
 
Qualitative content analysis 
Qualitative content analysis was used in the analysis of interviews. Content 
analysis has been used in many different ways. Early on when used for 
analysis of texts for e.g. mass media and propaganda analysis, the analysis 
consisted of calculation of the number of times certain words, concepts or 
content appeared in the text. In the beginning, content analysis was developed 
from the positivistic tradition and the logical empiricism. Patton [115] 
describes the logical empiricism�s idea of knowledge viewed as correct 
representation of an independent reality. From that quantitative, positivistic 
tradition there has also been a shift towards the hermeneutic tradition with 
more interpretative, qualitative analysis of texts focusing more on meanings 
than on superficial features. In this tradition the interpretation can never 
claim to be the truth. There may be other possible alternatives to interpret a 
text but all possibilities are not equally credible.  
 
According to Krippendorff [116] the content emerges in the process of a 
researcher analyzing a text relative to a particular context. Krippendorff  
argues that there is always an element of interpretation involved when 
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reading and analysing a text, even in those cases when the analysis ends up in 
calculations and numbers. Additionally, Krippendorff argues there is no 
single meaning waiting to be �found� and �described� in a text. Instead all 
texts can be read from different perspectives and understood within a certain 
context. Inferences drawn from texts depend on the context of its use i.e. 
what the text means to particular users [116]. The intention was to capture the 
spouses� experiences. As the knowledge of spouses� experiences is important 
in the context of CPR education the text is understood within this context. 
 
The analysis process started with reading the transcribed interviews 
repeatedly until a grasp of the whole was obtained. Thereafter all text was 
brought together to one document and a thoroughgoing reading was made 
with the research questions and aim of the study in mind. At the same time, 
striving for openness of the unexpected was pursued. Text referring to the 
spouses� experiences was divided into meaning units i.e. words or sentences 
relating to the same central meaning. The meaning units were then condensed 
i.e. shortened, while preserving the core meaning. The condensed meaning 
units were labelled with codes often by using key words in the text. During 
this process the whole context of the interview was considered. An example 
of the analysis is presented in Table 2. 
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Table 2. Example of analysis; condensed meaning unit, codes and 
preliminary themes 
 
Text Condensed 

meaning unit 
Code Preliminary 

theme 
 
IP4: Then I went to  
the bed and looked,  
he had fallen out of  
the bed towards the 
window and the 
bedside table which  
he probably hit because 
he had a little scratch 
on the forehead which  
I saw, and then I got 
really scared 

 
Saw he had 
fallen out of 
bed and hit 
himself got 
really scared 
 
 
 
 
 
 

 
Fallen out 
of bed 
 
Got really 
scared 
 
 
 
 
 
 
 
 

 
Interpreted signs 
as serious 
 
 
 
 
 
 

Then I said Eric, Erik! 
I only screamed and he 
didn�t say a word but it 
rattled something like 
that and I thought he 
was dead, I nearly 
thought that in fact 
because I thought it 
sounded scary 

I screamed he 
didn�t say a 
word but it 
rattled. Nearly 
thought he 
was dead 
because it 
sounded scary 

Called out 
 
Thought he 
was dead 

Interpreted signs 
as serious 
 

�..Interviewer: You 
said she asked you.. 
IP4: yes she asked if I 
could, I don�t 
remember, I remember 
she asked if I could do 
mouth to mouth 
ventilation or if I could 
see if he was breathing 
and then I said I can�t I 
am eighty five years 
old so I can�t. Yes, yes 
we are coming she said  

 
 
She asked if I 
could perform 
ventilations or 
see if he was 
breathing. I 
can�t I am old 

 
 
Got the 
question 
Can not 
help 

 
 
Being unable to 
help 
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Thereafter the text was divided into three different time domains; 1) the time 
before the cardiac arrest; 2) the cardiac arrest event; 3) the third domain the 
time after the cardiac arrest was left for a coming analysis and will be 
presented elsewhere. For facilitating the analysis it has been advocated by 
Krippendorff to divide huge amounts of texts into smaller areas [116]. 
 
After dividing the text into the domains, two and, to some extent, three of the 
authors, in collaboration, made the analysis. The labels for the codes were 
discussed until consensus was reached when codes emerged that covered 
several meaning units. The codes were compared based on similarities and 
variations throughout the analysis. For making the events clearer and 
allowing themes to emerge more easily, the codes for each interview were put 
together chronologically as the event was described to have happened. The 
codes were coloured to distinguish between different kinds of codes i.e. codes 
referring to perceptions, thoughts, feelings and measures taken. Codes 
referring to bodily or psychic symptoms and signs together with codes for 
signs that were perceived as ordinary or serious were marked with different 
colours. Finally, four themes in the first domain and three themes in the 
second domain emerged in this process. 
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ETHICAL CONSIDERATIONS 
____________________________________________ 
 
Approval was obtained by the Committee for Ethics in Medical Invest-
igations at the University of Göteborg (reference no. S 273-00) regarding 
Paper II and III. Prior to the start of the study, contact was made to the 
Ethical Forum at Sahlgrenska University Hospital and one of their 
counsellors promised to be on hand if patients needed to talk to someone not 
involved in the study. 
 
To ask cardiac care patients about their awareness and attitude towards CPR 
and CPR education could increase the patient�s awareness of the risk of 
suffering a serious complication and thereby causing increased anxiety. We 
tried to reduce this risk by establishing a good relationship with the patient 
and listening to the patients expressing his/her thoughts. It was, however, 
quite possible that the patients already harboured fears regarding serious 
complications that needed to be expressed. Many patients raised the issue of 
receiving CPR themselves stating that it is vital that as many people as 
possible are trained in CPR. In those cases when the interviewer was 
uncertain of the patient�s psychological ability to deal with the question of 
whether they would like someone to start CPR on them in the event of an 
emergency, the question was abandoned. This accounts for the 54 missing 
responses to this question.  
 
The test of the model for quality assurance was regarded by the Committee 
for Ethics in Medical Investigations as a quality control. The committee 
therefore waived the need for approval (Paper I). Likewise the committee 
waived the need for approval concerning the evaluation of CPR performance 
and retention after CPR training (Paper IV).   
 
For the interview study (Paper V) approval was obtained by the Committee 
for Ethics in Medical Investigations at the University of Göteborg in January 
2003 (reference no: S 299-02). To narrate ones experiences in connection 
with loved ones suffering from cardiac arrest at home could cause increased 
stress. Feelings of guilt could be present or could be induced by 
insensitiveness when asking questions. We tried to avoid this by using their 
narrative as a starting point in the questions and confirming their feelings in a 
difficult situation. After the interview, time was spent to allow feelings to be 
expressed and to ensure they could handle the situation. In agreement with 
the counsellors at the emergency department and the intensive care units at 
the hospital, they agreed to be on hand in case of the need for a follow-up. 
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RESULTS 
_______________________________________________ 
 
Cardiac care patients� awareness and attitude towards CPR and 
CPR courses (Paper II)  
The investigation resulted in 401 interviews with 274 males and 127 females. 
The mean age was 65 years (64 years for males and 68 years for females). 
Baseline characteristics and previous medical history are presented in Table 
3. Most participants had heard about the concept of CPR (91%) even if not all 
were familiar with its meaning. Seventy-nine percent of the participants knew 
about inflations while 69% had some knowledge of external chest 
compressions and 64% knew about both of these components.  
 
The willingness to undergo CPR in a case of an emergency varied (Table 4), 
even if most of the participants were positive (96%). Those over the median 
67 years of age were less willing to undergo CPR than those who were 
younger (p=0.02). Those who had had a previous myocardial infarction or 
heart failure were less willing to undergo CPR than those who had not 
(p=0.03 and 0.007 respectively). A medical history of cancer was not 
associated with the patients� willingness to undergo CPR, whilst the 
significance of previous cardiac arrest could not be estimated due to the small 
number of participants in the group. Due to small number of participants in 
each of the groups regarding various chronic diseases we used �any chronic 
disease�.  
 
Among all participants, 68% knew about the availability of CPR courses for 
the general public and 9% had at some point in time received information 
about CPR from a medical professional. The proportion of participants who 
had received CPR training was 40%. Of those who had been trained, 11% 
were trained within the last two years. The most common reason for CPR 
training was a compulsory course at work, followed by �general interest� and 
�other reasons�. A small proportion (9%) stated his or her own or a friends 
cardiac condition as the reason for attending the course.  
 
Among those with no CPR training (n=234) or unsure as to whether they had 
received such training (n=5), the reasons for lack of educated in CPR varied 
(Table 5). Half of these were interested in attending a CPR course. 
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Table 3. Baseline characteristics and previous medical history  
              (n=401) 
___________________________________________________ 
          % 
___________________________________________________ 
 
Age Years   
 <65 45 
 65-75 24 
 >75 31 
Living arrangement: 
 Living alone 33 
 Living with a family member 67 
Medical history: 
 Myocardial infarction 32 
 Heart failure, previous hospitalisation 16 
 Cancer  12 
 Cardiac arrest 3 
 Any chronic disease 25 
_____________________________________________________ 
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Table 4. Willingness to undergo CPR in relation to various characteristics   
              (n=347, 54 missing)    
 
 Yes 

  % 
Unsure 
   % 

No 
% 

    p-value* 

Age:    0.02 
  ≤67   99      <1 0  
  ≥68   93 4 3  
Gender:    NS 
  Male   98 1 1  
  Female   92 5 3  
Previous Myocardial 
 Infarction: � 

   0.03 

  With   92 4 4  
  Without   98 1 1  
Previous 
hospitalisation due to 
heart failure: �  

   0.007 

  With   87 7 5  
  Without   98 1 1  
Cancer: §    NS 
  With   93 2 5  
  Without   96 2 1  
Cardiac arrest:║     
  With 100 0 0  
  Without   96 2 2  
Any chronic disease:    NS 
  With   95 2 3  
  Without   97 2 1  

 
* NS:p≥0.05    
� Six missing 
� Ten missing 
§ Two missing 
║ Seven missing and  p-value not estimated due to small number 
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Table 5. Reasons for lack of CPR training (n=239) 
 
 
Reason* 

        
   n 

 
% 
 

Did not know where to go    4   2 
Did not know such courses existed  57 24 
Intended to attend a course but have not yet done so  33 14 
CPR courses on offer were too expensive    0   0 
No interest in such training   36 15 
Unable to manage   14   6 
Other reason: � 103 43 

�never thought about it�    58  
�lack of time�   17  
�lack of earlier motivation�    9  

 

*  One or more reason  
� The most common other reason 
 
 
Prevalence of CPR training among co-habitants (Paper III)  
In all, 268 of the participants were living with a family member. In order to 
investigate whether the co-habitant person had received CPR training, we 
asked the participants if their wife/husband or co-habitant had training in 
CPR. According to the answers given by the participants, 33% of the family 
members had undergone CPR training, 67% were unsure or did not believe 
he or she had undergone such training. Of those who were unsure or did not 
believe their co-habitant had trained CPR, 60% wanted her or him to attend 
such a course. 
 
Interest in CPR education (Paper II and III) 
Among all participants with no previous CPR training or unsure as to 
whether they had undergone such training, 46% stated that they would like to 
attend a CPR course while 20% were unsure (Paper II). Of those patients 
who were co-habiting and not trained in CPR (n=146), 58% were willing to 
attend a course while 16% were unsure (Paper III). Sixty percent of the 
participants who were unsure or stated that their co-habitant were not trained 
in CPR, were in favour of he/she attending such a course. Of the participants 
who had previously attended a course or who were willing to undergo 
training, 72% were prepared to do so together with their co-habitant (Table 
6). A course specially designed for cardiac patients and their relatives was a 
possible alternative for 75% of those willing to participate together with their 
co-habitant. 
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Table 6. Interest on the part of those willing to be trained, or already trained, 
in participating in a CPR training course with co-habitants  
__________________________________________________________ 

                  Yes     Unsure      No  

  %          %       %  

__________________________________________________________   

Would you like to attend a CPR course 
together with your wife/husband 
or cohabiting person?      72          7            22  
(n=198, 8 missing) 
 

If Yes: 
Would you like to participate in a CPR  
training specifically designed for people  
with heart conditions and their   
relatives?       75        13     13 
(n=119, 23 missing) 
___________________________________________________________ 
 

The preferred location for the course was most often a hospital (40%) (Paper 
II). According to comments by these participants, professionals should hold 
the course because they would offer a better education and/or offer a safer 
environment. Of those who preferred the primary health care centres (25%), a 
common comment was that it was due to its location in the vicinity to the 
patients� home. For 20% of the participants the location did not matter. 
 
Obstacles to training (Paper III) 
The major obstacle to  CPR training was the participant�s own medical status. 
Regarding the co-habitant�s participation, the major obstacle was doubts 
concerning the co-habitants physical ability or willingness to participate. 
Older participants were less willing to undergo CPR training than the 
younger ones (p<0.0001, OR 5.3, 95% CI 2.5-11.4). Among the participants 
over 66 years or older, 43% were willing to participate in a CPR training 
course compared to 80% of those who were aged 65 (median) or less. Fifty 
percent of the women compared to 60% of the men were willing to undergo 
CPR training (ns). 

Of the participants interested in attending a CPR course together with their 
wife/husband or cohabitant person, 25% were unsure or unwilling to 
participate in a course specifically designed for people with heart conditions 
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and their relatives (Table 6). The following motives were mentioned; do not 
want to be associated with the disease, fear of too much discussion about 
diseases, and fear that someone will suffer a heart attack during the course. 
Some exhibited a resistance to participate in such a course together with other 
people with heart conditions and their relatives, but were unable to explain 
why. The preference for attending a course with healthy people was 
expressed by some of the participants�.  

 
Evaluation of CPR performance and quality of CPR (Paper I and 
IV) 
The first study (Paper I) focused on the use of a checklist in combination 
with an instrumented manikin connected to a software programme as an 
instrument for evaluation of CPR performance for quality assurance. In 
Paper IV the study focused on CPR performance among one group of people 
who may have an increased risk of witnessing a cardiac arrest. The results 
showed that immediately after training, the majority of the participating 
laypersons performed most of the examination skills as prescribed, except for 
calling for help. Three months later the participants to a lesser degree 
performed the check for unresponsiveness, opening of airways, check for 
breathing, the two initial breaths and the location of the compression position. 
The opening of airways was also a point of concern among the participating 
nurses (Paper I). Four of the ten nurses (Paper I), and five (16%) of those 
laypersons tested three months after training (Paper IV) checked the 
breathing as prescribed. Although eight participants (Paper I) checked the 
location of the compression position before they started chest compressions, 
few of them managed to find the right position. In Paper I, three participants 
of the 10, made all examinations as prescribed and reached seven points, 
whereas the rest of the participants either missed performing part of the 
examination or made incorrect assessments (median 5 points). The maximum 
number of points reached among the laypersons (Paper IV) three months 
after training was six points (median 2 points). Results according to checklist 
are presented in Fig. 3. 
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Figure 3. Checklist performance scale among nurses (Paper I, n=10) and lay 
people immediately after training and three months later (Paper IV, n=32) 
 
In the performance of chest compressions among the nurses in Paper I, the 
average compression depth varied from 40 to 54 mm (mean 47 ±5). 
According to international guidelines chest compression depth should be 38-
51 mm. The actual number of compressions during one minute varied from 
32 to 51 (mean 41.3 ±6)  (Table 7). Among the participating laypersons 
(Paper IV) the average compression depth was significantly reduced from 42 
±6 to 38 ±8 mm at the three months test (Table 7). The mean proportion of 
correctly performed chest compressions was reduced from 60% after training 
to 16% three months after training (p<0.0001). Chest compressions with 
incorrect hand position, most often �too low� and compressions �too shallow� 
constitute the majority of committed errors among laypersons (Paper IV). 
Among the nurses (Paper I) committed errors were mainly due to chest 
compressions �too deep� and �too low�. 
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Table 7.  Performance of chest compressions among participants in Paper I 
(n=10), and Paper IV (n=32) after training and three months later. Integer 
numbers are presented. 

 

 Nurses Lay people; after 
training 

Lay people: after 
three months 

 Mean 
(SD) 

 
 

Median 
(min, max) 

 

Mean 
(SD) 

 
 

Median 
(min, 
max) 

 

Mean 
(SD) 

 
 

Median 
(min, 
max) 

 
Chest 
compression 
rate 

95 
(18) 

94 (72, 129) 84 (26) 80  
(35,151)

78 
(22)* 

78  
(37,136)* 

Chest 
compressions 
per minute� 

41 (6) 42 (32, 51) 37 (11) 38  
(7, 61) 

36 
(10)* 

34  
(20, 57)* 

Chest 
compression 
depth (mm) 

47 (5) 47 (40, 54) 42 (6) 42  
(29, 53) 

38 (8)* 38  
(27, 51)* 

Proportion 
correctly 
performed (%) 

30 
(25) 

31 (1-72) 60 (33) 67  
(0, 100) 

16 (26) 3 (0, 93) 

 
* Three missing due to compressions too low to be registered by the manikin  
� Measurement of this variable is performed slightly different in Paper I   
   compared to Paper IV, see method section.  
 
 
In Paper I half of the participants started with chest compressions without 
performing the initial two breaths. The number of ventilations per minute and 
proportion of ventilations correctly performed are presented in Table 8. Only 
two of the participants performed any inflation correctly. Inflations �too fast� 
(>600 ml/second, 91% of all ventilations) and �too much� (>1200 ml, 71%) 
constitute the majority of committed errors.  
 
In Paper IV the participants made five inflations on average per minute 
immediately after training (Table 8). Three months after training the number 
of ventilations per minute was significantly reduced to three. Twelve of the 
participants failed to ventilate the manikin at all, most often due to omission 
in opening of airways (11 cases). The proportion of correctly performed 
ventilations was regarded as 0% among those participants. The mean 
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proportion of correctly performed ventilations was not significantly reduced.  
Committed errors were: insufficient volume (<700 ml, 38%), excessive 
volume (>1000 ml, 28%) and �too fast� ventilations (>500 ml/second, 28%), 
after three months. 
 
 
Table 8. Number of ventilations and proportion of correctly performed 
ventilations among participants in Paper I (n=10), and Paper IV (n=32). 
Integer numbers are presented 
 
 Nurses Lay people 

after training 
Lay people 
after three months 

 Mean 
(SD) 
 
 

Median 
(min, max)
 

Mean 
(SD) 
 
 

Median 
(min, 
max) 
 

Mean 
(SD 
 
 

Median 
(min, 
max) 
 

Ventilations 
per minute *  

5 (2) 6 (0, 7)   5 (2)   5 (0, 8)   3 (3)  2 (0, 9)  

Ventilations 
correctly 
performed % 

6 (16) 0 (0, 53) 17 (19) 12 (0, 62) 15 (22) 0 (0, 67) 

 
* This variable is measured slightly different in Paper I compared to   
   Paper IV, see method section.  
 
 
Experiences of cardiac arrest (Paper V) 
During the interview the spouses often spontaneously talked about if they had 
had any previous CPR training. Among those who did not spontaneously 
raise the subject, they were asked. We have, therefore, information on any 
previous training for all the spouses. However, the time since training was 
not mentioned nor asked for, among all spouses. All spouses with previous 
CPR training, who were offered guidance from the Emergency Call Services 
(ECS) accepted the guidance. However, in one of these cases the spouse did 
not have the time to start because the ambulance arrived too quickly. Out of 
those with previous CPR training one spouse started CPR, with guidance 
being offered later. Additionally one spouse who was advised to place her 
husband in recovery position, called a neighbour who started CPR.  
 
Among the spouses with no previous CPR training, four were offered and 
three accepted the guidance. Characteristics of the bystander spouses and 
measures taken are presented in Table 9.  
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Table 9. Age, previous CPR training and measures taken by the bystander 
spouse  
 
             

    Male n=3 
 

Female n=12 
 

Age years  
Median  (min, max) 

             74 (64,78)  67 (48, 87) 

Previous CPR training                     1               5 
Offered guidance from ECS*            2               6 
Accepted guidance from ECS            2               5 
Performed CPR                     1�               7� 

 
 
* In two cases the spouse made the call before the cardiac arrest happened 
� In one further case ambulance arrived too quickly (before the spouse had  
   the time to start CPR) 
� One of these spouses called a neighbour who performed CPR 
 
 
All spouses started their narration of the event by relating the time preceding 
the cardiac arrest, forming thereby the first domain �The time before the 
cardiac arrest� in the qualitative content analysis. In this domain four themes 
emerged in the analysis process; �Lack of early warning signs�, �Difficulties 
in interpreting early warning signs�, �Interpret signs in light of earlier 
illness� and �Denial of serious illness�. The time when the cardiac arrest 
happened formed a second domain �The cardiac arrest event�, in which 
three themes emerged in analysis; �Perceiving the seriousness�, �To be 
without the possibility to influence� and �To do what is in ones power�. 
 

The time before cardiac arrest 
Often there were no signs prior to the event that could have warned the 
spouse, which led to the theme �Lack of early warning signs�. The spouse 
had no chance to call for the ambulance earlier as everything had seemed 
completely normal. The spouse and the patient had been doing usual things or 
talking about ordinary things or the patient had been joking just before it 
happened. Some of the spouses described that the patient had pain in one or 
both arms a few seconds before the cardiac arrest. 
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In other cases there were signs present that were either diffuse or more 
specific leading to the theme �Difficulties in interpreting early warning 
signs�. The patient  seemed as if he was feeling unwell or expressed that this 
was the case without giving a further description of what was the trouble. 
Other signs noted were e.g. signs of absent-mindedness, uncertainty, irritation 
and dizziness. These signs were sometimes interpreted as normal or in other 
cases leaving the spouse with no idea of how to interpret signs noted. In one 
of these cases, the patient had had a myocardial infarction one week before 
the cardiac arrest and had been restless and irritated hours before the event. 
He also had seemed to have unpleasant feelings and dizziness. In other cases 
signs noted were misinterpreted as due to an earlier illness leading to the 
theme �Interpret signs in light of earlier illness�. In those cases old strategies 
were often used even if they were ineffective. Abdominal pain hours before 
the event, the patient feeling unwell and tiredness were signs interpreted as 
due to earlier illness. In some cases there were also indications of denial from 
both the patients� and the spouses� point of view, which formed the theme 
�Denial of serious illness�. Some patients withheld information from the 
spouse concerning their symptoms. Other patients refused to go to hospital 
when asked by the spouse. In one of these cases an explicit expression of a 
suspicion of myocardial infarction led to a �wait and see� policy as the 
spouse wanted to be considerate toward her husband.  
 
The cardiac arrest event 
All spouses perceived the situation as serious when the cardiac arrest 
developed. The theme �Perceiving the seriousness� includes perceptions, 
thoughts, feelings and first actions when it happens. The spouses saw changes 
in the patient�s posture and in some cases changes in the colour of skin. Some 
heard a wheezing breathing or other strange sounds from the patient. They 
tried to make contact with the patient by shaking, shouting or slapping the 
patient�s cheeks. When failing to make contact or observing no signs of life 
in the patient�s eyes they again perceived the situation as really serious. A 
few spouses had checked for a pulse. Other spouses had noted occasional 
gasping when asked if the patient was breathing. This was, however, not 
interpreted as a sign of life by any of these spouses. Thoughts regarding the 
situation were described as the patient already being dead or were dying. A 
sense of unreality was common and feelings expressed were insecurity, fear 
and panic, which showed awareness of the seriousness in the situation.  
 
Some spouses lacked ability to intervene and others did not understand the 
necessity of immediate action and therefore desperately relied on the 
emergency services ability to rescue the patient. This formed the theme �To 
be without the possibility to influence�. Other obstacles for intervention and 
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also for carrying out instructions from the ECS were; physical restrictions 
and feeling of panic. When the signs perceived were interpreted as signs of 
death or dying some spouses saw no possibility for intervention. In two or 
three cases the spouses were advised to place the patient in recovery position 
and in one case the spouse did not comprehend any relevant advise from the 
ECS. 
 
The theme �To do what is in ones power� stretches from wanting to do the 
best in the situation, to fight for the other person�s life in all possible ways 
and manners. In one case the spouse, being a CPR instructor, started CPR 
simultaneously with the call for ambulance. The spouses tried to influence 
the course of the event to the best of their power. Due to variations in the 
spouses� physical ability and knowledge, interventions differed. The spouses 
accepted guidance from the ECS and performed CPR. In one case the 
ambulance arrived before the spouse had the chance to start. Several spouses 
expressed that they were encouraged to continue with their efforts and felt 
supported by the operator at the ECS. The guidance from the ECS team 
therefore seems important.  
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DISCUSSION 
________________________________________________ 
 

Discussion of methods 
Regarding Papers II and III, the study was conducted during a four months 
period when all patients from the specified catchments area, who were 
admitted to the coronary care unit, were considered for participation. Out of 
the 473 patients who were possible to reach and asked to participate, 72 
declined participation. In the perspective of patients treated in the coronary 
care unit, the participants must be considered to be representative. However, 
the coronary care unit does not admit every patient with ischemic heart 
disease at the hospital. Patients treated in non-monitored wards are often 
older and may have a different pattern of risk factors and another view on 
CPR and CPR training.  

As the study (Paper I) was a pilot study, which aimed at testing a model of 
quality assurance for CPR, the selection consisted of a �convenient sample� 
of ten nurses and enrolled nurses working at the coronary care unit during the 
time the study was conducted. Their participation was voluntary. As a 
perspective of professionals, we have no reason to believe that this group 
performed inferior single rescuer CPR than nurses working at other hospital 
wards or other nurses working at their own unit. The participants were all 
well trained staff and all except one, were trained in CPR within the past six-
months. One person had attended a refresher course 12 months prior this 
test. 
 
Laypersons, who partake in CPR training courses at the local Heart and Lung 
Association, were asked to participate in the study (Paper IV) without 
randomisation. All participating in the courses were asked and participation 
was voluntary. We have no reason to believe that those participating in the 
study performed inferior CPR than those who declined participation. 
 
Among patients consecutively registered in the Swedish Cardiac Arrest 
Registry, all spouses who were identified as being present during the cardiac 
arrest at home were considered for participation (Paper V). Due to deficient 
reporting in the patients� medical records regarding information on the 
patients� immediate family, there were several spouses that could not be 
identified. We have no reason to believe that there have been any selections 
in the reporting of the immediate family.  
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Regarding the qualitative content analysis, reproducibility could be one way 
for measuring the reliability of the results. Reproducibility can be measured if 
the analysis is performed in such a way that it can be followed. The authors 
did not analyse the text independently. However, the authors followed the 
whole analysis and discussed codes and emerging themes until consensus 
was obtained.  
 
Even if the results cannot be generalized from a statistical point of view, as 
this study is a qualitative study, the results could be transferable to other 
spouses in similar circumstances. Exceptions cannot be ruled out. 
 
Limitations 
In Papers II and III, we performed no analysis regarding characteristics 
among those who were unwilling to participate.  
 
In the statistical comparisons between groups, significance could not be 
estimated due to small numbers in several of the groups. Since this study is 
not a hypothesis-testing confirmative study, p-values should be treated with 
caution. 
 
When interviewing there is always a risk of the respondent endeavouring to 
give the �right� answers and saying what he or she thinks the interviewer 
wants to hear. The patient�s willingness to attend a course could therefore, be 
over-estimated. On the other hand, the patients� answers concerning their 
willingness to learn CPR could also have been influenced by the fact that 
they were interviewed during their stay at the coronary care unit. There were 
a few patients who commented that they were uncertain about how much 
they could exert themselves. The willingness to participate in a CPR training 
course may therefore have been underestimated. 
 
In order to gain knowledge as to whether or not the co-habitants were trained 
in CPR, we asked the patients. It is possible that some of the co-habitants 
could have been trained without the patients� knowledge. However, the 
proportion trained is in line with the estimated proportion of citizens trained 
in Gothenburg at the time of this study (unpublished data). 
 
Regarding the measurement for quality of CPR performance (Paper I and 
IV), we did not use videotape recordings. The author of this thesis made the 
evaluations of the examination skills, with no co-evaluator present. The 
coding of the short version of the Brennan et al. [110] checklist was easily 
conducted during the performance. However, videotape recordings of the 
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sessions would have made a second evaluation according to checklist 
possible, which would have strengthened the reliability of these judgements.  
 
The measurement of the number of ventilations and chest compressions is 
based on the time from �CPR started to CPR stopped� in the Skillmeter 
programme and measured slightly different in the SkillReporter programme. 
Therefore the results from the Skillmeter version are not completely 
comparable with those from the SkillReporting system. 

It is not possible to see the actual depth of each chest compression, as the 
computer and the Skillmeter� as well as the SkillReporter system present 
averages and the amount, and the proportion of too deep or too shallow chest 
compressions. We have no way of knowing if occasional chest compressions 
were injurious.  
 
Regarding Paper V, less than half of the spouses who were invited to 
participate in the study were willing to be interviewed. Unwillingness to talk 
about the event and stir up emotions was one reason expressed by some of 
those who declined participation. We have no way of knowing if their 
experiences differ from those who were willing to talk about the event. 
Additionally only Swedish spoken spouses were interviewed. Therefore we 
have no knowledge how people from other cultures experience a cardiac 
arrest at home. 
 
The results compared with the experiences of others 
Awareness and attitude towards CPR and CPR courses  
Studies have revealed a fundamental lack of knowledge about CPR among 
patients [117-119]. In the present thesis, 64% of the participants knew that 
CPR is comprised of both assisted ventilation and chest compressions, which 
is similar to the result in the study by Ågård et al. [117]. Among all 
participants, 40% had received some CPR training (Paper II). Among those 
who were co-habiting 46% had received such training at some time (III). 
Lack of awareness seems to be the major reason for not being trained in CPR. 
Many were unaware of the existence of CPR courses for the general public 
and many had never thought about attending a course (II). �Never thought 
about it� was also a common cause for not being trained among family 
members of patients with heart disease in other studies [73, 78]. This fact 
clearly demonstrates that medical professionals cannot rely on other sources 
providing information on CPR courses to this group.  
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Willingness to undergo CPR 
In the present thesis the majority were willing to undergo CPR in case of an 
emergency (Paper II). Older patients and patients with a medical history of 
myocardial infarction or heart failure were in favour of receiving CPR to a 
somewhat lesser extent than those without. We do not, however, know on 
what grounds. The knowledge of CPR was only investigated with regard to 
the concept, what it means and how CPR is performed, and success rates 
were not discussed in the present thesis. Studies have shown that most people 
overestimate the chances of survival [117-122]. Existing information 
regarding the influence of education on the willingness to undergo CPR is, 
however, not conclusive [118, 120, 122-124]. Van Mil found that [122] of the 
older patients who had received information including a standard description 
of CPR, possible complications following CPR and realistic chances for 
survival resulted in the fact that 65% did not want CPR. In a study by 
Hansdottir et al. [124], 75% declined CPR after a standard description of 
CPR and information on realistic survival rates [124]. Ågård et al. [117] 
showed that many patients with heart failure opted for CPR no matter how 
small their chances for survival were. Ninety percent of the participants were 
willing to undergo CPR, which is in line with our result. When presented 
with a variety of survival rates, 67% still opted for CPR when the survival 
rate was 5% percent or less [117]. 

 
Prevalence of training among co-habitants  
Family members of persons at high risk for cardiac arrest do not have more 
training in CPR than other persons despite the fact that they should be a 
prioritized group for training [73, 80, 125]. The present thesis (III) supports 
these findings as the proportion of co-habitants trained in CPR corresponds 
with the estimated proportion of CPR-trained citizens in Gothenburg (34%, 
unpublished data). We also noted that less than half of the spouses who had 
experienced their husband or wife�s cardiac arrest at home were trained in 
CPR (V). Kligel et al. [80] investigated the interest for participation in a 1-
day CPR course among cardiac arrest survivors and their family members 
with a mailed questionnaire. In the questionnaire they were also asked if the 
respondents had previously participated in a CPR course, and if so, when. 
Members in a control group were asked to fill in the same questionnaire as 
the target group. In their study 55% of the target group and 52% of the 
control group had attended a CPR course at least once previously, which was 
a slightly higher proportion than in the present thesis. However, only two of 
the respondents in the target group had attended a CPR course within the 
previous 12 month. Those who had taken part in a course had done this on 
average 22 years ago [80]. As we know that skills of performance in CPR 
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deteriorate rapidly with time following education [97, 109], and that 
ineffective CPR has no influence on survival [87, 88], one can speculate as to 
whether or not those who were trained a long time ago will manage to 
perform any effective CPR at all.  
 
The majority of those who were trained in the study by Platz et al.[73] had 
trained due to school or work requirement and not because of concern for a 
family member, which also was shown in the present thesis. Only a minority 
in the present thesis had been trained because of their own or a friends heart 
condition and, also in line with other studies, very few had recent training 
[73, 80]. This clearly shows that the resuscitation councils� intention to reach 
this important target group with CPR training has failed. A probable 
explanation for this is the lack of efforts made. Very few of the patients in the 
present thesis had received information regarding CPR training from any 
medical professional person, despite the fact that many should have been 
included in the target group for CPR training (II). In the study made by Platz 
et al. [73], only 2% of the family members of patients considered to be at risk 
for out-of-hospital cardiac arrest had ever received the suggestion from a 
medical professional that they should obtain CPR training, whilst 58% stated 
that they would have been positively influenced by such a recommendation. 
It has been shown that medical professionals are reluctant to give information 
or recommend CPR courses to their patients [72].  

Possibilities for CPR training 
In this thesis the majority of the patients had a positive attitude towards CPR 
training. Among those who had never attended a CPR course, nearly half and 
slightly more among those who were co-habitants (58%), were interested in 
being trained in CPR (II, III), which is in line with the result from Platz et al. 
[73]. In those cases, when the patients� co-habitant lacked CPR training, a 
majority wanted him/her to attend a course and many were willing to attend a 
course together with their co-habitant. 
 
CPR courses seems to primarily attract younger people as those who attend 
CPR courses have been found to be younger with only a minor part in the age 
group >50 years [70] or >59 years attending [71]. In the present thesis 
younger patients were more willing to attend a CPR course than older 
patients. 
 
Additionally, in the study by Axelsson et al. [71] most attend a CPR course 
because of school or work requirement and 25% because of general interest, 
while only 1% attended because of their own cardiac disease or friend or 
relatives cardiac disease, which is in line with our findings. However, Lester 
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et al. [74] showed that it was possible to attract a group of people with a 
specific relation to cardiac disease. The authors advertised the planned 
training sessions in the local press together with a series of articles presenting 
different individuals who had been instructed in basic life support techniques. 
In the series of articles they also included a front-page story about a cardiac 
arrest victim who had collapsed in the city centre and who had been 
resuscitated by a layperson who was trained in basic life support. In 
conjunction with this the readers were asked if they would know what to do 
in a similar situation and were told that they could learn these skills at the 
offered mass training sessions. The readers of the local press which was used 
in the study, were 62% non-manual workers and 47% aged 45 years or older. 
Of those who took the training in the study by Lester et al. [74], 35% were 
45-64 years of age and 9% were 65 years or more. Females constituted 65% 
of those trained. In a random sample group of those trained, 67 % were 
related to someone who had a heart problem, which shows that they 
succeeded in their attempt to reach the target group.  

Obstacles to training 
As people with known cardiac disease and their relatives are not trained in 
CPR to any higher or even to a lesser degree than others, there are obviously 
some obstacles to training. High age, limitations regarding their own medical 
condition and the co-habitants physical condition were found to be obstacles 
to training in the present thesis (III). Additionally it seems, as if the 
previously discussed lack of awareness is an obstacle to training among this 
group (II). Keim et al. [126] found that those who indicated physical 
limitations , �lack of interest�, concern about �potential legality� and �health 
risks� as the reason for not being trained in CPR, were ten times more likely 
to decline CPR training, compared to those who indicated �don�t know why� 
and �courses not convenient�. The authors conclude that a certain significant 
elderly subgroup may strongly resist or ignore educational interventions.  
 
Old age as an obstacle to training was also found by Swor et al. [127]. In 
their study, those over 80 years of age were significant less likely than those 
who were younger to be willing to learn CPR. They also perceived 
themselves unable to perform and were unwilling to perform CPR in case of 
an emergency in a significantly higher degree than those who were younger. 
 
The reluctance we found against attending a CPR course specifically 
designed for people with heart conditions and their relatives, was somewhat 
surprising (III). The fear of being connected to the disease or fear of too 
much discussion about diseases, which was expressed by those patients, 
clearly points out the difficulty in attracting some patients to such courses. 
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Hansson Scherman [128] found in one study in persons with asthma, 
different ways to relate to their own situation when chronically ill. Not 
wishing to be perceived as sick (normification) was one way to relate to the 
situation. The persons who had this perception (normificative) on the 
situation, strived to be viewed as healthy and were aware of the risk to be 
stigmatised. By choosing to be among healthy people, their identity as a 
healthy person could be strengthened. It is obvious that with this outlook on 
life, these persons will be resistant to specifically designed courses for 
patients and relatives and they will not seek participation in patient 
associations. 
 
What factors may influence patients and co-habitants in 
participating in CPR training?  
One factor may be that medical professionals inform patients and their co-
habitants about CPR courses and motivate them to attend. A requirement for 
this could be that the medical professionals themselves believe in the 
possibility of victims living a life that is good and meaningful after they have 
been saved.  If the medical professional is of the opinion that those who 
survive a cardiac arrest do not live a dignified life, it is unrealistic to believe 
that they will inform anyone about CPR courses. It is therefore of the utmost 
importance to study the neurological outcome after cardiac arrests and not 
only survival, which is also emphasised in the update of Utstein templates 
[40]. 
 
One additional factor which may influence patients and their co-habitants to 
attend CPR courses is if the courses are easy available in the vicinity of the 
home (II).    
 
Quality of CPR performance  
Immediately after training the laypersons in this thesis performed a relatively 
high proportion of their chest compressions correctly (IV). The low amount 
of compressions over time was an effect of prevailing guidelines and could 
have been only slightly higher. In terms of skill acquisition, the result was 
somewhat better compared to other studies [91, 94]. This skill, however, 
deteriorated significantly during time for the three months test.  
 
In the present thesis the pulse control was performed as prescribed according 
to Brennan et al. [110] by many of the participants. In a realistic situation this 
does not guarantee a correct diagnosis. In a study of the accuracy and delay 
of the diagnostic assessment of pulse by first responders at various stages of 
CPR training, Eberle et al. [22] found that only a few managed to decide 
whether or not a pulse was present within 10 seconds. The median delay until 
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decision was 24 seconds and if no pulse was present, the time was extended 
to 32 seconds. Even if the level of training had an effect on shortening the 
delay it still took 20 seconds or more for half of the two most experienced 
groups (paramedics after 1 year in training or certified after finishing of the 
2-year training) to decide whether or not the patient had a pulse. The check 
for pulse therefore seems difficult. However, few of the spouses in the 
present thesis tried to check the pulse. Nevertheless they all understood the 
seriousness of the situation and called the emergency number. There was no 
doubt that the situation was serious when the spouses were unable to make 
contact with the patient. Even in those cases when the spouse noted a 
wheezing breathing there was no doubt about the seriousness.  
 
In the present thesis half of the participating nurses (I) and a minor part of the 
laypersons (IV, three months after training) opened the airway prior to 
attempting a check for breathing. In a study in Helsinki and Budapest, nurses 
on medical wards and an emergency ward together with nursing students 
were tested with regard to their CPR skills [90]. Nyman et al. [90] found that 
67% opened the airway by tilting the head or lifting the chin. This, however, 
was often done after those participants attempted to check for breathing and 
is also in line with our experience. As we followed the Brennan et al.[110] 
checklist in the present thesis, only those who opened the airway prior to 
check for breathing were judged to have managed the check for breathing 
successfully. According to the checklist, the rescuer should first open the 
airway, then place their face near the manikins face and look at the chest for 
at least three seconds [110]. As the evaluations were performed with different 
methods the results cannot be compared. However, it is clear that the check 
for breathing is a major point of concern not only for the groups in the 
present thesis. In a study of lay person�s skill-performance immediately after 
a four hour CPR course, Brennan et al. [91] found that 50% of the 
participants failed to perform the check for breathing correctly which is in 
line with the result in this thesis. The opening of airways therefore seems to 
be a difficult task for laypersons to learn and remember. Furthermore it seems 
difficult during telephone CPR instruction to guide others, to make this as 
quickly as it needs to be done. One of the spouses in the present thesis was 
occupied with opening of airways until the arrival of ambulance and did not 
perform any chest compressions (V).  
 
Regarding ventilation, the proportion of correctly performed ventilations was 
low among the nurses (I) as well as among the laypersons both immediately 
after training and three months later (IV). Most ventilations performed by the 
nurses (I), were made with a flow rate which was �too fast� and a great 
proportion were made with a volume which was �too much�, which increases 
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the risk for gastric inflations. The laypersons, however, often under-
ventilated the manikin (IV).  
 
The result from the test of the nurses is in contrast to those in a study made 
by others [91, 129]. The medical students in the study by Heidenreich et al. 
[129] were unable to perform rescue breathings with sufficient volumes and 
made insufficient number of inflations. Immediately after training they 
managed to deliver 5±2 ventilations per minute but six month later only 3±1.  
On average the nurses in the present thesis made nearly twice as many (6±0.9 
ventilations per minute). However, among the participating laypersons in our 
study the result corresponds with those performed by the medical students in 
the study by Heidenreich et al. [129].  
 
In line with the results of the laypersons in the present thesis under-inflation 
was the most common error in the study by Brennan et al. [91]. In their study 
where participants were tested immediately after public CPR courses. The 
mean proportion of ventilations correctly performed was low (27%, median 
10%) and in line with the result of the 17% (median 12%) in present thesis. 
However, concerning chest compressions participants in the present thesis 
performed far better immediately after training than those in the Brennan et 
al. [91] study where a mean of 17% (median of 2%) of the chest 
compressions were correctly performed. The relatively high proportion of 
chest compressions correctly performed by the laypersons in the present 
study immediately after training (mean 60%, median 67%) was, however, 
significantly reduced in the three months test and became similar to those by 
Brennan et al.[91]. 
 
The problem with chest compressions performed with a totally incorrect hand 
position, with compressions on the abdomen rather than on the chest, as we 
noted among a few cases in the test three months after training (IV), was also 
noted by Brennan et al. [91].  
 
Regarding chest compression rate, participants in the present thesis 
performed rates that were somewhat slower compared to 105±14 performed 
by medical students six month after training in the study made by 
Heindenreich et al.[129], or 105±23 performed by lay persons in the study by 
Assar et al. [96] immediately after training.  
 
There are few studies which report the actual number of chest compressions 
delivered per minute. In the study made by Heidenreich et al. [129], the 
actual number of chest compressions per minute was 49±14 six month after 
training, which was somewhat more than performed by the participants in the 
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present thesis (Paper I; mean 41±6, Paper IV; 36±10). The lay persons in 
the study by Assar et al. [96] managed to perform 39±11 compressions per 
minute immediately after training. However, nearly half of the participants 
failed to achieve the recommended compression depth of 38-51 mm [96]. 
Heidenreich et al. [129] do not report any results showing how the delivered 
chest compressions were performed by the medical students. Chest 
compression �too shallow� seems to be a major problem in many studies [91, 
92, 96, 98] as well as among the laypersons in the present thesis. Insufficient 
depth was the most common error in the performance of chest compressions 
immediately after training. Wik et al. [130] showed that paramedics and 
nurse anaesthetics performed in mean 59% of their chest compressions with a 
depth which was �too shallow� during the first five minutes, and 62% during 
the entire time of the resuscitation episode in out-of-hospital cardiac arrest 
victims. The nurses in the present thesis performed deep enough chest 
compressions and only a few were �too shallow� (<38 mm) during 
approximately three minutes CPR on a manikin. Even if the results from the 
study by Wik et al. [130] are not comparable to those in the present study, as 
their study was conducted in real situations while conducting advanced 
cardiac life support, it is worth noting that more than half of the time was 
time without any chest compressions. A compression rate of 120±20 resulted 
in 60±25 chest compressions per minute in spite of the fact that the patients 
were intubated and therefore could be ventilated during considerably shorter 
pauses between the chest compressions. 
 
What is optimal CPR? 
Even if there is no doubt that CPR is important, as the lowest survival rates 
occur when CPR is not attempted, there has been uncertainty regarding how 
good CPR should be in order to save lives [28]. Before the international 
guidelines were changed in 2005 [25] there were a number of studies 
showing the need for a change [31, 33, 129, 131, 132]. However, the question 
of what an optimal CPR really is, still remains to be answered. As studies 
with measurements on various aspects of CPR quality are mainly conducted 
on animals, one might argue whether or not the results are transferable to 
humans. New technology has been developed that may help to solve this 
question [133].  
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Is there any optimal chest compression rate? 
According to current guidelines compression rate should be 100/min. The 
rationale for this recommendation was that the rate of 100 per minute had 
been shown to be effective in practice [28]. Even if the compression rate is 
high, the amount of chest compressions over time is limited by the two rescue 
breathings that should be performed, previously after every set of 15 chest 
compressions and now since the implementation of guidelines 2005 [25], 
after every set of 30 chest compressions. As the studies in the present thesis 
were conducted prior to the implementation of these newly introduced 
guidelines, the 2:15 ratio was used in both studies. The nurses performed 
chest compression with a mean rate of 95 ±18. In spite of this fact, the actual 
number of compressions during one minute varied from 32 to 51. In the 1998 
European Resuscitation Council Guidelines [28] there was still a belief that a 
chest compression rate of 100/min would result in 60 compressions per 
minute, as it was calculated that two rescue breathings should take six 
seconds. It was later shown that lay volunteers after CPR training made 
interruptions for ventilations as long as 16 seconds each time (instead of 6 
seconds), which resulted in 39 compressions per minute instead of the 
calculated 60 per minute [96]. When performing CPR on pigs with the same 
long interruptions for two breaths this resulted in a 13% survival rate with 
normal neurological functioning, compared to 80% if only chest 
compressions were given [33]. Yu et al. [134] showed that at least 80 chest 
compressions per minute were needed for a successful resuscitation in the 
case of a prolonged cardiac arrest on pigs. With previous guidelines it was 
impossible to achieve 80 compressions per minute even with a rate as high as 
120 per minute. Theoretically it should be possible to achieve 80 chest 
compressions per minute using a chest compression rate at 120 per minute 
when performing 30:2 compression: ventilation ratio, if only 10 seconds is 
used for the two inflations. However, Heidenreich et al. [129] showed that 
young medical students made pauses in chest compressions for rescue breaths 
that were 14±7 seconds immediately after training. With the ratio 15:2 they 
performed 43±7 chest compressions per minute with a compression rate of 
121±14. The only way to increase the time for circulatory support and the 
number of chest compressions over time is therefore to decrease the number 
of interruptions. The change in guidelines 2005 to increase the ratio to 30:2 is 
a step in the right direction. However a goal of 80 per minute will probably 
not be reached. Additionally, for most people compression rates as high as 
120 per minute is difficult to achieve, whereas 100 per minute may be easier. 
It is thus important to keep the pauses for ventilation as short as possible and 
to compress the chest with a rate no slower than 100/min. For older 
laypersons this rate may, however, be unrealistic to achieve as indicated in 
the present thesis (IV). 
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Optimal depth of chest compressions 
It has previously been shown on animals that cardiac output, coronary 
perfusion and arterial blood pressure increased with increasing compression 
force [135], at least up to a certain level [136, 137]. Halperin et al. [138] 
showed that the compression force applied had to reach a certain level before 
any myocardial or cerebral perfusion pressure was obtained. Measurements 
in human subjects during resuscitation procedures are rare. However, Paradis 
et al. [139] conducted a study, presented in 1990, where this was done on 
patients admitted to a hospital with cardiac arrest prior to admission. They 
showed that a minimum of myocardial blood flow is necessary in order to 
obtain return of spontaneous circulation. They also found that the maximum 
coronary perfusion pressure was a strong predictor for return of spontaneous 
circulation. The positive predictive value increased with the coronary 
perfusion pressure and was 0.79 at 25 mm Hg. No one with a coronary 
perfusion pressure below 15mm Hg received return of spontaneous 
circulation. Therefore, the optimal compression depth is a depth which leads 
to a coronary perfusion pressure as high as possible, and not lower than 
15mm Hg.  The compression depths were not measured during the study by 
Paradis et al. [139]. Recently, the force used during manual chest com-
pressions has been measured and compared to obtained depths [140]. It was 
found that, in the majority of cases, a compression depth of 38 mm was 
obtained with a force of less than 50 kg. It was also found that the paramedics 
adjusted the force to the stiffness of patients� chest to some extent. Softer 
chests were compressed deeper than stiffer chests even though stiffer chests 
were compressed more forcefully [140]. In a study made by Steen and co-
workers, manual chest compressions were compared with compressions made 
by a mechanical device performing active compressions and decompressions, 
LUCAS (Lund University Cardiac Assistance System), regarding 
haemodynamics and survival in pigs [141]. With manual chest compressions, 
the mean calculated coronary perfusion pressure (the thoracic aortic diastolic 
pressure � diastolic pressure in right atrium) was approximately 10mm Hg 
compared to 17mm Hg with LUCAS. For all pigs that received return of 
spontaneous circulation, the mean coronary perfusion pressure was 15±5 mm 
Hg. No pig that received manual chest compressions survived. In the study 
by Steen et al. [141] LUCAS compressed the chest 25% of the chests height. 
In most studies the compression depth is not presented. Bellamy et al. [135] 
found a far better coronary flow when they increased the compression depth 
from 2 inches (5cm) to 2,5 inches (6,4cm). However, Wik et al. [142] 
surprisingly found a reduction in the myocardial blood flow despite a higher 
coronary perfusion pressure when the compression depth was increased.  
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Thus the optimal depth of chest compressions is difficult to decide. It seems, 
however, clear that too shallow chest compressions (<4 cm) are not likely to 
produce coronary perfusion pressures high enough to obtain return of 
spontaneous circulation.  
 
The participating nurses in the present thesis (I) managed to achieve a 
compression depth well above minimum requirement (≥4 cm). Only a small 
proportion of the chest compressions were �too shallow� while 40% were �too 
deep� (>5 cm). However, among the laypersons a higher proportion of chest 
compressions �too shallow� were seen. Few made any compression �too deep� 
in this group (IV). 
 
Optimal volume of rescue breathings 
During resuscitation ventilation is performed in order to add oxygen to and 
reduce carbon dioxide from, the victim�s blood. The level of carbon dioxide 
is related to the pH, the higher level of carbon dioxide the lower pH. Both the 
volume and frequency of ventilation influence the level of carbon dioxide and 
oxygen.  
 
Guidelines regarding inflation volume have varied over the years. When the 
first CPR training programme was introduced, 800-1200 ml/breath were 
recommended. When the risk for gastric inflations by too large tidal volumes 
and too high inflation rates were noticed, the guidelines were changed and 
reduced volume was recommended by the ERC in 1998. The choice of 
magnitude of the reduction was based on seemingly vague evidence. As a 
tidal volume of 400-600 ml was perceived as adequate for resuscitation and 
sufficient to cause the chest to rise [143], the ERC chose this volume as a 
recommendation. The benefit with this new volume was also pedagogic as it 
was consistent with the accepted teaching that the tidal volume should be that 
which causes the chest to rise. In Sweden this new inflation volume was not 
adopted. In 2000 when the ERC [24] increased the recommended ventilation 
volume to 700-1000 ml/breath (10 ml/kg) without supplementary oxygen, 
this was then implemented into the Swedish programme. While comparing 
blood gas analysis from patients receiving ventilations with either tidal 
volume of 500 ml or 1000 ml, Langhelle et al. [144] found significantly 
lower PCO2 values in patients ventilated with 1000 ml per breath. The pH 
tended to be lower at five minutes and became significantly lower in the 500 
ml group after 10-15 minutes. As all patients were ventilated with 100% 
oxygen, the PO2 was high in both groups [144]. Recently Dorph et al. [145] 
showed that a tidal volume of 700 ml (and respiratory frequency 12/minute) 
resulted in normocapnia when this volume corresponded to 10 ml/kg. 
However, this result was achieved under optimal circumstances with very 
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short interruptions for the rescue breathings and may therefore not be 
transferable to single rescuer CPR performed by lay persons. Additionally, it 
is both practically and theoretically impossible to perform 12 mouth-to-
mouth ventilations per minute during single rescuer CPR, which has also 
been shown in the present thesis and by others [129]. Thus, the optimal 
volume of rescue breathing is difficult to resolve. 
 
Optimal frequency of rescue breathing 
The role of ventilation during CPR due to primary cardiac arrests is not clear 
and is avidly discussed. While some studies have shown the importance of 
ventilation during prolonged resuscitation [146], it has also been argued that 
it might not be needed at all during the first minutes of the resuscitation 
procedure [147, 148]. It has further been discussed whether ventilation (or 
hyperventilation) may also be deleterious during resuscitation. If the patient 
is unintubated, rescue breathings reduce the number of chest compressions 
over time. The intrathoracic pressure increases by the ventilations, which has 
been shown in laboratory studies to affect the survival negatively, probably 
due to a reduced coronary perfusion pressure [149, 150]. Pitt and Kellerman 
[151] argue that the risk for respiratory alkalosis increases with hyper-
ventilation, which reduces oxygen delivery to the tissue. Furthermore hyper-
ventilation causes vasoconstriction, which may reduce the cerebral perfusion. 
Survival rates in a study by Aufderheide et al. [150] were six of seven (86%) 
when pigs were ventilated with 12 breaths per minute. When the pigs were 
ventilated with 30 breaths per minute, one of seven survived. As long as the 
bystander combines the rescue breathings with chest compressions there is, 
however, no risk for hyperventilation during single bystander CPR. 

 
During the pauses for rescue breathing the coronary perfusion pressure 
decreases and it takes time to build up this pressure again. Therefore the 
coronary perfusion pressure differed markedly between the first and the last 
two chest compressions after the pauses for ventilation in each compression 
cycle [148, 152]. This was the reason why the chest ventilation: compression 
ratio was changed for two-rescuer CPR in the guidelines 2000, from 1:5 to 
2:15. Berg et al. [152] showed that even if the oxygen saturation as well as 
the pH was higher and the PCO2 lower among the group of pigs who received 
CPR with the ventilation: compression ratio of  2:15 compared to one group 
who received chest compressions only, with no rescue breathings at all 
during the period of 12 minute cardiac arrest, there were no significant 
differences in survival or neurological outcome between the two groups. The 
haemodynamic measurements showed that blood flow through the left 
ventricular myocardium during �chest compressions only�, was nearly the 
same as pre arrest whilst it was approximately 50% of pre arrest flow during 



 64

2:15 ventilation: compression CPR. However, this result was obtained during 
perfectly performed CPR with only four-second pauses for the ventilations on 
pigs with no coronary artery disease. In reality the conditions are not as 
favourable as this.  
 
Steen et al. [31] have shown how the haemodynamics are influenced by 
interruptions of chest compressions. After the initiation of ventricular 
fibrillation it takes 15 seconds for a normal coronary perfusion pressure of 
60mm Hg to decrease to 15 mmHg. If the initiation of CPR is delayed, the 
coronary perfusion pressure may even become negative due to pooling of 
blood in the venous circulation causing a distended right heart chamber. In 
those cases it took one minute with perfectly performed chest compressions 
with a LUCAS to bring the coronary perfusion pressure back to zero, and 
further 30 seconds to reach adequate levels. When the heart is distended it 
can�t self-contract even if the ECG rhythm changes from ventricular 
fibrillation to a regular rhythm after defibrillation. [31]. It is therefore of 
outmost importance to minimize the interruptions of chest compressions. 
 
Sanders et al. [153] compared four different compression-ventilation ratios in 
a study with 40 pigs and found the best neurological outcome in the group 
who received chest compressions only during the first four minutes, followed 
by a ventilation: compression ratio of 2:100 during the following eight 
minutes of cardiac arrest. Thus, it seems obvious that in order to improve 
haemodynamics during resuscitation and thereby the outcome, the hands-on 
time with chest compressions has to be increased and the frequency of rescue 
breathing reduced. In line with these results the ventilation to compression 
ratio was changed to two after every set of 30 chest compressions, in the 
European Guidelines 2005 [25]. The question is if this reduction in the 
number of ventilations will be enough? Could a ventilation frequency of 
approximately two breaths per minute be the optimal even if this means 
lower levels of PaO2 and higher levels of PCO2 during resuscitation? In the 
present thesis the participating nurses performed a mean of 5±2 
ventilations/minute (I) and the laypersons (IV) managed to perform 3±3 
ventilations/minute three months after training with a ventilation: 
compression ratio of 2:15 as prescribed in the former guidelines [28, 113]. 
 
Why did the professionals in our study not follow given guide-
lines?  
Even if the results deviated from guidelines, there were some deviations, 
which could be for the better. Half of the participants (I) started with chest 
compressions immediately after pulse control and did not perform the initial 
two inflations, as prescribed in the former guidelines but was changed in 
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international guidelines 2005 [25]. One can speculate as to whether or not 
this could be explained by their experiences of having witnessed monitored 
primary cardiac arrests at their workplace. In those cases where the victim 
has been breathing until the cardiac arrest occurs, it is more reasonable to 
establish circulation as the primary target. Attentions were drawn to this fact, 
which lead to the change in the guidelines 2005 to start with the chest 
compressions instead of starting with ventilations.   
 
The depth of the chest compressions made by the nurses in the present thesis, 
was often �too deep� (>5cm) while only a few were �too shallow� (<4cm). As 
too shallow compressions are unlikely to cause any circulation at all, �too 
deep� compressions could be better [135, 138] at least up to a certain level 
(where this level is we do not know) [136, 137].  
 
The fact that no one managed to perform eight breaths per minute, which 
were presumed in the ERC guidelines in 1998 [154], and was implicit in the 
guidelines in 2000[155], shows the difficulty in following these previous 
guidelines. In the ERC Guidelines 2000 any target amount per minute of 
ventilations during 2:15 CPR was not mentioned but as it was calculated that 
64 compressions should be obtained, this meant 8 breathes per minute. The 
truth is that it was and still is, impossible to perform as many as eight per 
minute as a single rescuer with previous guidelines unless the pauses for the 
two rescue breathings are as short as six seconds. Furthermore, even with 
pauses of 10 seconds for rescue breathings, it was practically and 
theoretically impossible to perform for more than approximately 45 chest 
compressions per minute with the former ratio 2:15. 
 
The flow rate performed by the nurses in present thesis was often �too fast� 
(>600 ml/second) and inflations volumes �too large� (>1200 ml) which could 
increase the risk for regurgitation in a real situation, as we know that the risk 
of causing gastric inflation increases with inflations which are �too large�, or 
�too fast� [28]. However, when striving to make the best possible situation for 
the patient, it is easy to hurry and to blow more than what is needed. It may 
be so that only a machine, programmed for the purpose, could possibly 
follow the guidelines completely with no errors. 
 
Following guidelines: how important is it?  
Guidelines for resuscitation are developed after a critical review of existing 
evidence of effective procedures handling cardiac arrest victims. However, 
they are also developed in order to be easy to teach and easy to learn and 
remember. Both the medical and the pedagogic perspectives have to be taken 
in consideration. Standardisation and simplification is an important goal in 
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the developing process. It seems, therefore, obvious why guidelines regarding 
basic life support do not make a difference between different circumstances 
in relation to the cardiac arrest, e.g. if cardiac arrests are witnessed or not. In 
a witnessed cardiac arrest, it has to be considered to be more appropriate to 
start with chest compressions instead of starting with two inflations as 
prescribed in the former guidelines. 
 
Following the guidelines, or at least trying to follow the guidelines, is 
important for several reasons. If we choose not to follow the guidelines we 
have to know why, be sure we know better and clarify the reason. If 
departure from guidelines is frequent there is also a risk that results from 
studies will be influenced which may in turn lead to erroneous conclusions. 
Difficulties in making comparisons between various regions, within countries 
and between countries, in terms of outcomes after cardiac arrests, will arise.  
 
Who shall perform CPR in the future? 
The possibilities of rescuing those who suffer from cardiac arrests depend on 
the fact that as many people as possible have the necessary CPR skills. Even 
if mechanical devises e.g. LUCAS perform CPR better than people do, the 
need for CPR performed by hand has to be applied whilst awaiting the device 
to arrive to the patient�s side. Therefore, even in the future when all Swedish 
children, who hopefully have learned CPR during compulsory school, have 
become adults, CPR training for specific groups will be needed. As CPR 
skills have to be practiced and repeatedly trained in order to be maintained 
[97], the need for training sessions still will remain.  
 
Will co-habitants use their skills in case of an emergency?  
It has been shown by others that there is no guarantee that a family member 
starts CPR in case of an emergency even if they are trained in CPR [52, 66]. 
Waalewijn et al. [66] found that even if the family member witnessed the 
cardiac arrest they seldom started CPR. In the study by Swor et al. [52] only 
30% of the bystanders who were trained in CPR performed CPR when the 
cardiac arrest occurred at home. Even so when Swor et al. [127] investigated 
the attitudes toward CPR training among older people, they found that a 
history of cardiac disease in a family member was positively associated with 
willingness to perform CPR. The time elapsed since last training may have an 
effect on as to whether or not a bystander starts CPR. In an earlier study 
Jackson and Swor [46] found that the majority of bystanders who performed 
CPR had trained CPR within the last five years. However, when support from 
the ECS is given, it seems as CPR training leads to some kind of 
preparedness to perform CPR. The spouses, in the present thesis, who had 
trained CPR at some point of time, accepted the guidance from the ECS when 
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this was offered and tried their best to perform CPR (V). If the co-habitants 
are trained and if they are offered CPR guidance they may be more likely to 
use their skills. Additionally it has been shown that many laypersons wish to 
receive CPR instructions from the ECS [71]. 
 
The ECS provided guidance for start of CPR for many of the spouses in this 
study. Several spouses expressed that they felt supported and that they were 
encouraged to continue with their efforts. In those cases where the spouses 
were advised to place the patient in recovery position, the reason could have 
been that the situation was not clearly clarified. To witness when a near and 
dear suffer from cardiac arrest is a dramatic and upsetting situation. One 
study showed that family and friends often were so upset that they were 
unable to tell what was wrong with the patient [156]. This places a huge 
demand on the ECS dispatcher to calm the caller and to get the relevant 
information as quickly as possible. 
 
Will co-habitants call for an ambulance earlier? 
In ERC guidelines 2005 [157], early recognition of critical illness and/or 
angina was emphasized in order to prevent cardiac arrest. This was also 
added to the first link in the chain of survival.  
 
When asked to tell what happened, all spouses started narrating about the 
time before it happened. In all cases the cardiac arrest was completely 
unexpected (V). It became evident that often there were no signs before the 
cardiac arrest. According to previous studies this is often the case. The 
cardiac arrest event is the first sign of an underlying coronary artery disease 
in a great proportion of patients without any symptoms prior to the event 
[158]. In those cases the spouse had no chance to call for an ambulance 
before the cardiac arrest was a fact. In some cases the spouse recalled that 
there had been signs before the event. Signs that were either difficult to 
interpret or that were interpreted as occurring due to an earlier illness. The 
signs and symptoms preceding the event were often unspecific, showing the 
difficulty to act proactive.  
 
There seems, however, to be a lack of knowledge concerning the variety of 
symptoms that may occur in connection with myocardial infarction. As 
shown by others, people expect central chest pain in the event of a 
myocardial infarction but sometimes experience other symptoms. When their 
expectations are not met seeking care is delayed [159, 160]. According to the 
descriptions of the cardiac arrest event made by the spouses in this thesis, no 
one of the patients experienced central chest pain prior to the cardiac arrest. It 
has been shown that approximately one third of patients with diagnosed 
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myocardial infarction did not experience any chest pain [160, 161]. The true 
proportion of patients that experience chest pain is, however, not known as 
only those who reaches the hospital can be asked. The most common 
symptom described by the patients in the study by Horne et al.[160] was 
sweats or feeling �feverish�. 
 
Those spouses, who described, that the patient had pain a few seconds before 
the cardiac arrest, had no chance to intervene proactively. One of these was 
the spouse whose husband had a myocardial infarction one week earlier. She 
described that symptoms and signs were all different from those when the 
husband suffered from his myocardial infarction. The spouse had difficulties 
in interpreting the signs and did not consider the possibility of a new 
infarction. It has been shown that patients without chest pain wait longer to 
seek for care [160, 161]. Likewise, there are indications that patients with 
previous myocardial infarction are no better prepared in seeking care when 
experiencing another infarction. In a qualitative study of the decision-making 
processes among patients experiencing a second myocardial infarction 
Pattenden et al. [162] found that symptoms often were different from 
expected and that the patients waited until a symptom in common with the 
previous infarction occurred before they sought care. Knowing the 
diverseness of symptoms that may arise is one prerequisite for being able to 
act proactively. Beside knowledge, coping-strategies also influence the 
patients� way to handle a situation [163]. Patients having a problem-focused 
or active-cognitive approach, seek for care earlier than those who had an 
emotion-focused strategy [162, 163]. The role of defence mechanisms e.g. 
denial, have also been shown to affect the decision making process [164, 
165]. We found signs of denial in a few cases. According to Alonzo et al. 
[165], the risk for unaware defence mechanisms increases the more 
threatening the situation is perceived to be. Walch et al. [163] on the other 
hand showed that the patients perceptions of how serious the consequences 
for a myocardial infarction are, influenced the decision to seek care.   
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CONCLUSIONS 
________________________________________________ 
 
 

• Most of the cardiac care patients had a positive attitude towards CPR. 
Only a few did not want CPR in the event of an emergency. 
Approximately two-thirds of the patients were educated or wished to 
be educated in CPR (II). 

 
• A great proportion of the patients� co-habitants were not trained in 

CPR. 
o Two-thirds of those patients who were co-habiting were 

unsure or did not believe their co-habitant had CPR training 
and more than half of these wanted their co-habitant to attend 
a course (III). 

 
• There was a great interest in participating in a CPR course.  

o Seventy-two percent of the participants previously trained, or 
willing to be trained in CPR, were interested in participating 
in a CPR course together with their family member or co-
habitant (III). 

 
• Younger patients were more willing to participate in CPR training 

than those who were older. The main obstacle to CPR training was 
the own medical condition. The major reason for the informants� 
objection regarding co-habitant�s participation was doubts 
concerning their partner�s physical ability or interest in participation 
(III).  

 
• The combination of a simple checklist and a computer program 

facilitates data gathering for the instructor and enables quality 
controls as a routine procedure. Moreover, quality controls at 
different levels, both individual and collective, of students� skill-
retention are possible, as well as comparisons of various training 
methods at national and international levels (I). 

 
 

• The results expose several points of concern regarding CPR training 
and skill-retention, such as the difficulties in making the pauses for 
ventilations short enough. The amount of time for chest 
compressions, therefore, becomes insufficient (I, IV). 
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• The level of skill retention three months after training according to 
International and Swedish guidelines 2000 was far below acceptable 
level. Our study indicates the need for a dramatic simplification of 
the education message in order to improve skill retention (IV). 

 
• Spouses� descriptions of their experiences in connection to the 

cardiac arrest at home included completely lack of early warning 
signs or denial of signs. Signs present were difficult to interpret or 
could be misinterpreted due to earlier illness. When the cardiac arrest 
occurred all perceived the seriousness. While some had no possibility 
to influence the event others did everything in their power trying to 
influence. The ECS played an important supportive role (V). 

 
 
Implications  
Ways for enhancing bystander intervention  
Information on the various symptoms that could precede a myocardial 
infarction, and the necessity of seeking care in the event of these symptoms, 
is important for the general public. For patients, after experience a myo-
cardial infarction or other signs of ischemic heart disease, this information is 
even more important. However, when doing so one has to take into con-
sideration not to cause too much threat. Focusing on the positive side of 
seeking care i.e. the possibility to reduce the infarction and thereby reduce 
possible side effects, could be one way to reduce threat. However, there will 
always be the risk for development of cardiac arrest with no possibility to act 
earlier as shown in this thesis. Therefore the knowledge of and skills in CPR 
have to be spread to as many people in the society as possible. Special 
attendance has to be given to cardiac care patients and their family members, 
to give them the opportunity to train these skills. Spouses, who had previous 
CPR training among the interviewed, accepted guidance. They all tried to do 
what was in their power to influence the course of the event (V). However, 
the assistance by the ECS to provide guidance seemed important. Without the 
support from ECS, few of the patients would have received CPR. 
 
The most common reason for lack of training in CPR among the cardiac care 
patients was that they were unaware of the existence of such courses or that 
they never had thought about it (II). Therefore, information about CPR 
courses is important. Medical professionals should provide patients and their 
co-habitants with information and motivate them to acquire and maintain 
CPR skills. Multiple strategies are needed in order to meet the patients� 
individual needs (III). Offering CPR courses in the rehabilitation pro-
grammes following coronary events would meet the need of providing a safe 
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environment for the course. For those who prefer to attend a course with 
healthy people or in the vicinity of their home, the medical professionals 
could help the patient to find a suitable course elsewhere. The primary health 
care centres should provide CPR courses both for their patients and people 
living in the area.   
 
Ways of enhancing quality of CPR performance  
The present thesis has shown that the given guidelines have not been 
followed, which may affect the possibility for correct diagnosis and the 
treatment of cardiac arrest patients (I, IV). One reason for this failure is that 
the guidelines were impossible to follow. One requirement for new guidelines 
to be observed and generally accepted should be that they are possible to 
follow. The present thesis also shows that previous guidelines lead to an 
insufficient amount of chest compressions over time. Combining chest 
compressions with rescue breathings during single rescuer CPR is a difficult 
task. The opening of airways and performing of ventilations seems to be too 
difficult for many laypersons. It is therefore urgent, especially for this group , 
to reduce the number of skills taught to those absolutely necessary for live 
saving. This could make it easier to perform CPR when the cardiac arrest has 
happened.  
 
Future research 
Whilst working with the present thesis and reading the literature, more 
questions have been revealed that require further investigation. 
 

• Why do nurses and physicians not recommend CPR courses to 
cardiac care patients?  

 
• How will cardiac care patients and their family members receive the 

newly introduced Swedish CPR educational programme?  
 

• Is it possible to find ways to support those who do not see any 
possibility to influence the course of the event, to accept guidance 
from ECS? 
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Summary 
Introduction: Out-of-hospital-cardiac arrest is a major factor of mortality in 
western countries. In the event of a cardiac arrest, the immediate start of 
cardiopulmonary resuscitation (CPR) can save the life. The majority of 
cardiac arrests occur in the patients� home, it is therefore vital that family 
members  have knowledge and skills for  appropriate action. Studies have 
shown that the quality of performed CPR is crucial for the outcome. It has 
been shown that even if a family member witnesses the CA they often omit to 
start CPR. 
 
Aim: The overall aim with this thesis was to describe various aspects of CPR 
training in order to find approaches for enhancing bystander interventions.  
 
Methods: A questionnaire was used for studying cardiac care patients� 
attitude towards CPR and interest in CPR training. Patients consecutively 
admitted to a cardiac care unit were interviewed (n=401) (II). Among those 
who were co-habiting (n=268), possibilities for and obstacles in relation to 
CPR training together with the partner were investigated (III). An instrument 
for measuring quality of CPR performance was tested in a pilot study using a 
suitable selection of cardiac care nurses (I, n=10). Quality of performance 
was studied among laypersons after CPR training and three months later (IV, 
n=32). For describing spouses� experiences during the cardiac arrest at home 
fifteen spouses were interviewed. The interviews were tape recorded and 
transcribed verbatim. Qualitative content analysis applied (V).  
 
Results: Most of the cardiac care patients had a positive attitude towards 
CPR and many had trained or wished to undergo training in CPR (II). Two-
thirds of patients who were co-habiting were unsure or doubted that their co-
habitant had received CPR training, with more than half wanting their co-
habitant to attend a course. Younger patients were more willing to participate 
in CPR training than those who were older. Major obstacles for CPR training 
were their own medical condition, and doubts concerning co-habitants 
physical ability or interest in participation (III). Measurements of the quality 
of CPR performance revealed several points of concern regarding CPR 
training and skill-retention; the difficulties in making the pauses for 
ventilations short enough, enabling enough time for chest compressions, 
leading to low number of chest compressions per minute; and poor 
performance regarding ventilations (I, IV).  Immediately after training the 
laypersons performed relatively high proportions of chest compressions 
correctly, which, however, after three months decreased significantly. �Too 
shallow� chest compressions were common (IV) whilst the cardiac care 
nurses often made chest compressions �too deep� (I). Spouses� experience of 
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cardiac arrest at home included two time domains and seven themes. Prior to 
the cardiac arrest the descriptions of their experiences included a complete 
lack of early warning signs or denial of signs. Signs present were difficult to 
interpret or could be misinterpreted due to earlier illness. When the cardiac 
arrest occurred all quickly perceived the seriousness of the situation. While 
some lacked the possibility to influence the event others did everything in 
their power trying to influence the outcome. The ECS played an important 
supportive role by guiding spouses in performing CPR (V).  
 
Conclusion: CPR training for cardiac care patients and co-habitants is 
important and feasible. The outcome of training has to be enhanced. 
Simplification of the message and reduction in number of skills taught seems 
urgent. Symptoms and signs regarding myocardial infarction have to be 
communicated more clearly.  
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Appendix 
 
Checklist according to Brennan et al. [110] (p. 91) adjusted to the Swedish 
guidelines. 
 
Item 1:   Checks unresponsiveness by touching manikin and speaking loudly. 
  Must precede any intervention including opening the airway. 
 
Item 2:  Calls for help or indicates help should be called.  

Must occur after check of unresponsiveness and before 
starting chest compressions. 

 
Item 3: Opens airway using head-tilt/chin-lift: 

Participant uses one hand to push down on forehead and other hand 
to lift the chin. There is obvious movement of the head. Nose may or 
may not be pinched. 

 Must precede a breathing check. (If the airway is opened for 
the first  time to give breaths, do not count it as the open 
airway step). 

 
Item 4:  Checks breathing for at least 3 seconds: Participant places face near 
             the manikin�s face and looks at the chest.  

 Must occur before any breaths are given and airway must 
have been opened. 

 
Item 5:  Checks carotid pulse for a minimum of 5 seconds: Participant 
             fingers on Adams apple and slips fingers into the groove, or uses an  
             alternative method to establish correct position and then maintains 
             position of fingers at least 5 seconds.  
 Must occur before any chest compressions. 
 
Item 6:  Attempts at least two breaths such as the chest rises at least one  
             and not more than twice:  
 Must precede any chest compressions. 
 
Item 7:  Locates compression position. By 1) tracing outline of ribs and 
             finding the place one finger above where the ribs comes together, 
             2) finding the xiphoid and placing two fingers above it, 3) baring the  
             chest and visually finding a point on the sternum between the nipples.  
 Note: this item does not assess where the hands are  
 ultimately positioned, only whether one of the three methods  
 was used. 


