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“Hi Anneli,

My name is X and I have survived an out-of-hospital cardiac
arrest.

One day in January, I suddenly felt confused and shortly
thereafter I collapsed. My heart stopped beating. My wife and one
of our neighbours started chest compressions and mouth-to-
mouth ventilation but before doing this, they called the dispatch
centre for further help.

After 20 minutes, the fire brigade and the ambulance arrived and
continued the process. I was admitted to hospital and, for the
second time, I was treated with percutaneous coronary
intervention.

Some days later, I woke up in the intensive care unit and slowly
came back to reality.

1 am grateful that I have been given a second chance and 1
wonder what kind of register [ am in?”
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ABSTRACT

In Sweden, the reported incidence and outcome of out-of-hospital cardiac
arrest (OHCA) vary between counties. In the mid -1980s, a national
programme in cardiopulmonary resuscitation (CPR) was developed and
rescuers have been educated in CPR. Since 1990, Swedish OHCA data are to
be reported to the Swedish Cardiac Arrest Register (SCAR).

The aim of this thesis was to describe and analyse the incidence and outcome
of OHCA and the amount of national training in CPR from data reported to
the SCAR and to the CPR training register. The data on OHCAs were related
to a variety of epidemiological and quality indicators.

Methods: this thesis is based on register data from both the SCAR and the
CPR training register. The inclusion criteria were treated OHCAs (I-IV),
witnessed treated OHCAs (V) and rescuers educated in CPR (I).The number
of participants were:

I: CPR training register, 1983-2007, n=2 million rescuers, and SCAR, 1990-
2007, n=45,775, II: SCAR, 2008-2009, n=6,457 registered manually or on
the web and n=3,522 registered on the web, III: SCAR, 2008-2010, n=2,398
prospectively registered and n=800 retrospectively registered, IV: SCAR,
1992-2011, n=59,926, V: SCAR, 2008-2010, n=11,005.

Results: since 1983, 5,000 instructor-trainers have trained more than 50,000
instructors who have trained almost two million of Sweden’s nine million
inhabitants to perform adult CPR. The number of bystander CPR attempts for
OHCA in Sweden increased from 31% (1992) to 55% (2007) (I). In 2008-



2009, the number of reported OHCAs varied between 13 and 52 per 100,000
inhabitants and year. Bystander CPR, cardiac aectiology and longer
emergency medical service (EMS) response times were more frequent in less
populated areas, but survival was not associated with population density (II).
A validation process showed that, there was a 25% missing rate between
2008 and 2010 of OHCAs reported to the SCAR. In the non-reported
OHCAs, patients were older and had less frequently received bystander CPR,
but, despite this, they also had a higher survival rate (I1II). From 1992 to 2011,
the OHCAs reported to the SCAR increased from 27 to 52 per 100,000
inhabitants and year. Survival to one month increased from 4.8% (1992) to
10.7% (2011), particularly among patients found in a shockable rhythm. This
increase in survival was associated with signs of improvement in all four
links of the chain of survival (IV). Furthermore, estimates indicate that, if the
delay from collapse to 1) calling for an ambulance, 2) the start of CPR, and 3)
the time to defibrillation is reduced to <2 min, <2min and <8 min
respectively, approximately 300-400 additional lives could be saved (V).

Conclusions: there has been an impressive development in the preparedness
for and treatment of patients suffering from OHCAs in Sweden during the
last 30 years. Improvements in various links in the chain of survival have
resulted in a marked increase in survival after OHCA. It suggests that this
figure will increase further if the delay to the start of treatment can be
reduced still further.

Keywords: cardiac arrest, cardiopulmonary resuscitation, education, register,
survival, validity

ISBN: 978-91-628-8665-3



SAMMANFATTNING PA SVENSKA

I Sveriges samtliga ldn, varierar forekomsten av hjartstopp som sker utanfor
sjukhus och dess utfall. I mitten av 1980 togs ett utbildningsprogram fram
med syfte att utbilda livrdddare i hjartlungrdddning (HLR). Personer som
drabbas av hjértstopp utanfor sjukhus, ska sedan 1990 rapporteras till det
svenska kvalitetsregistret for hjartstopp utanfor sjukhus.

Syftet med denna avhandling var att beskriva och analysera forekomsten av
hjértstopp som sker utanfor sjukhus dédr HLR paborjats och dess utfall vars
data rapporterats till det svenska kvalitetsregistret for hjértstopp utanfor
sjukhus. Vidare var syftet att beskriva den nationella utbildningen i HLR och
dess utfall vars data rapporterats till utbildningsregistret i HLR. Uppgifterna
om hjértstopp utanfor sjukhus har blivit relaterat till epidemiologiska
aspekter samt olika kvalitetsindikatorer.

Metodologiskt dr denna avhandling baserad pa registerdata savil fran det
svenska  kvalitetsregistret  for  hjartstopp  utanfor  sjukhus  samt
utbildningsregistret i HLR. Inklusionskriterier har varit behandlade hjartstopp
som skett utanfor sjukhus (I-IV), bevittnat och behandlat hjértstopp som skett
utanfor sjukhus (V) och livridddare som utbildats i HLR (I). Antalet deltagare
har varit foljande:

I: utbildningsregistret i HLR, 1983-2007 (n=tva miljoner livrdddare) och det
svenska kvalitetsregistret for hjartstopp utanfor sjukhus, 1990-2007, (n=45
775), 1I: det svenska kvalitetsregistret for hjértstopp utanfor sjukhus, 2008-
2009 (n=6457 manuellt- eller webregistrerade och n=3522 webregistrerade),
III: det svenska kvalitetsregistret for hjartstopp utanfor sjukhus, 2008-2010
(n=2398 prospektivt och n=800 retrospektivt registrerade), IV: det svenska
kvalitetsregistret for hjartstopp utanfor sjukhus, 1992-2011 (n=59 926), V:
det svenska kvalitetsregistret for hjartstopp utanfor sjukhus, 2008-2010
(n=11 005).

Sedan 1983 har 5000 huvudinstruktérer utbildat mer dn 50 000 instruktorer
som sedan har utbildat néstan tvd miljoner av Sveriges nio miljoner invénare
for att kunna utféra HLR pé vuxna. I Sverige 6kade antalet bystander HLR-
forsok (livrdddaringripande fore ambulansens ankomst) fran 31% (1992) till
55% (2007) (I). 2008 till 2009 varierade antalet rapporterade hjartstopp
utanfor sjukhus mellan 13 till 52 per 100 000 invénare och ar. Bystander
HLR, kardiell etiologi och lidngre responstid for ambulansen var mer



forekommande i glesbygden &n i tétortsbebyggda omrdden. Dock wvar
overlevanden inte associerat till befolkningstéthet (II).

Efter en valideringsprocess utav det svenska kvalitetsregistret for hjartstopp
utanfor sjukhus, pavisades att 25 % av de som drabbats av hjartstopp utanfor
sjukhus inte var rapporterade till registret. Av de som inte var rapporterade
till det svenska kvalitetsregistret for hjartstopp utanfor sjukhus var patienten
dldre, hade mer sdllan fatt bystander HLR, men trots detta, en hdgre
overlevnad (III).

Mellan 1992 till 2011 6kade rapporteringen till det svenska kvalitetsregistret
for hjértstopp utanfor sjukhus fran 27 till 52 per 100 000 invénare och ér.
Overlevnad till en ménad okade frén 4,8 % (1992) till 10,7 % (2011),
framforallt bland de fall som initialt hade kammarflimmer eller
kammartakykardi och som kunde defibrilleras. Denna 6kade &verlevnad var
associerad till en forbattring i samtliga lédnkar i ”kedjan som raddar liv”’ (IV).

Vidare s& har foljande berdkningar indikerat att om fOrdrojning fran
hjartstopp till

e larm av ambulans

e startav HLR och

o tid till defibrillering
minskades med respektive

e <2 minuter (larm av ambulans)

e <2 minuter (start av HLR) samt

e < 8 minuter (tid till defibrillering)
skulle 300-400 ytterligare liv kunna raddas (V).
Sammanfattningsvis har det skett en imponerande utveckling i Sverige de
senaste 30 aren, gillande forberedandet av att ta hand om och behandla en
patient som drabbas av ett hjirtstopp som sker utanfor sjukhus. Det ar
betydelsefullt att rapporteringen okar till det svenska kvalitetsregistret for

hjértstopp utanfor sjukhus. Forbattringar i ldnkarna i “kedjan som raddar liv”
kan kopplas till en 6kad 6verlevnad av de som drabbats av hjartstopp utanfor



sjukhus och indikationer finns att Overlevnaden efter hjértstopp utanfor
sjukhus kan ytterligare forbéttras om behandling pabdérjas i tid.
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Preface

At the beginning of the 1990°-s, I was employed as a registered nurse (RN) at
the cardiac intensive care unit at Sahlgrenska Hospital (currently named
Sahlgrenska University Hospital) in Gothenburg. This was the first time I
was really introduced to the importance of having knowledge of
cardiopulmonary resuscitation and what I should actually do if I was
confronted by a patient suffering from cardiac arrest. My interest in the
subject continued and resulted in my starting to educate people both within
the clinical environment and within the teaching environment, regardless of
whether the people who were going to learn were medically educated or lay
people. With simple tools, such as chest compressions and mouth-to-mouth
ventilation and sometimes also having access to an automated external
defibrillator, there is no excuse for not learning how to apply this kind of
treatment if you have the opportunity to save life regardless of whether it is a
newborn, a middle-aged person or an elderly person.

As late as the mid 20™-century, awareness of how to apply research both in
the clinic and in society became more central. After making contact with my
future supervisor, who also worked as a cardiologist during my employment
at Sahlgrenska, he supported me in initiating a research project which has
been clinically close to me for several years. This was the beginning and I
plan to continue in the same way.
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1 INTRODUCTION

The area of interest of this thesis is treated out-of-hospital cardiac arrest
(OHCA). The case before the introduction describes the focus of this thesis,
the incidence and outcome of OHCA and the use of register-based data.

An OHCA treated by the emergency medical service (EMS) crew or/and a
bystander/first responder is defined according to the Utstein style(1, 2) as
follows:

“The act of attempting to maintain or restore life by establishing or
maintaining airway (or both), breathing, and circulation through
cardiopulmonary resuscitation (CPR), defibrillation, and other related
emergency care techniques”

1.1 Cardiac arrest

The definition of a cardiac arrest is multifaceted and it is dependent on the
context and its occurrence. In general, the definition of a cardiac arrest is
when a person is unconscious and there is an absence of respiration and
circulation, regardless of whether it is expected or unexpected. Sudden
cardiac arrest (SCA) or sudden cardiac death (SCD) is an unexpected lack of
consciousness, respiration and circulation, with or without known cardiac
aetiology(2-8). In the text in the introduction to this thesis, the term “SCA”
will be used.

A variety of mechanisms can explain an SCA. Firstly, they can be divided
into two major subgroups, cardiac aetiology or non-cardiac aetiology(9-13).
Cardiac aetiology is then divided into topics (Table I). The term “non-cardiac
aetiology” includes a number of causes (Table 2). According to previous
research from a national perspective, a non-cardiac aetiology represents about
30% of OHCAs (7, 12, 14).

In SCA due to a cardiac aetiology, there is variability in terms of age and
distribution of gender (15, 16). The lowest survival rate after OHCA is found
among children not older than one year (sudden infant death syndrome) and
patients more than 80 years old (10, 17, 18). Furthermore among patients
over 18 years of age, there is a negative association between age and survival
(18). With increasing age, a higher proportion of women have ventricular
fibrillation (VF) as the initial arrhythmia (15, 18, 19). Previous research has
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also shown that the proportion of resuscitation attempts decreases with
increasing age (15, 18).

One third of all OHCAs take place among women (20, 21). Furthermore
women are often older than men and they less frequently receive resuscitation
before the arrival of the EMS. Despite this, the proportion of patients
admitted to hospital alive after OHCA is higher in women (20).

At the beginning of this thesis, there was no knowledge neither about the age,
gender or survival in relation to the population density and furthermore, no
knowledge about these characteristics according to whether the OHCA was
reported to the Swedish Cardiac Arrest Register (SCAR) by the EMS crew or
if the OHCA was forgotten and not reported to the SCAR.

Table 1.

Cardiac aetiology

Ischemic heart disease

Ischemic cardiomyopathy

Dilated cardiomyopathy

Hypertrophic cardiomyopathy

Non-arteriosclerotic disease of coronary arteries

Valvular heart disease

Arrhythmogenic right ventricular cardiomyopathy

Infiltrative and inflammatory myocardial disease

Congenital heart disease

Primary cardiac electrical abnormalities

Table 2.

Non-cardiac aetiology

Bleeding

Pulmonary embolism

Lung disease

Electrolyte abnormalities

Subarachnoid haemorrhage

Drug overdose

Suffocation

Drowning

Sudden infant death syndrome

Death caused by ischemic heart disease (IHD) is the most common cause of
SCA and is therefore also the most common cause of OHCA (7, 14, 22-24).
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There are vast geographic differences between the Swedish counties in IHD
and the highest incidence in IHD will be found in counties as Dalarna and
Norrbotten which represent rural areas in middle of and the northern Sweden
(25).

In recent times — from a national perspective — there have been fewer
autopsies and therefore more uncertain data about the cause of death. In
previous research, both national and international, autopsies have shown that
a cardiac aetiology was the most common cause of OHCA (8, 13).
Furthermore, previous reports have shown that coronary heart disease
represents about 90% of all cardiac causes (9, 26).

The reported incidence of OHCA varies both in Europe and in the USA (22,
27-31). The most recent data from Sweden show that the reported incidence
of OHCA varies from 37 to 81 per 100,000 inhabitants (7) and year. In
Europe the reported incidence of OHCA varies from 17 to 53 per 100,000
inhabitants and year (32). The number of reported OHCAs in Sweden, in
2011 was 4,904, which is the highest number that has ever been documented

7).

There is a variation in survival after OHCA (28, 33-38). A European study
has stated that the number of survivors per 100,000 inhabitants and year
varies from 5 to 18 (32). Previous studies mention that there is an ongoing
increase in survival (21, 39-42).

However, there is a lack of information in Sweden about the incidence of
OHCA and survival. Sometimes, it is also problematic to determine the cause
of death and, due to a lower autopsy rate, the cause of death is more uncertain
(9, 25).

1.2 Shockable rhythm

This is a simplified version of shockable rhythm and its pathophysiology.

Ventricular fibrillation (VF) - is the most common arrhythmia in connection
with SCA, especially in combination with myocardial infarction. When the
arrhythmia starts, there is still high activity in most of the cardiac muscle
cells, electric chaos, which initially results in high amplitudes in the
waveforms of the electrocardiogram, but, over time, this amplitude is
reduced. The ventricles do not contract, they simply fibrillate. When the
supplies of energy in the cells in the electrical system of the heart are
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exhausted, the amplitude of the fibrillation waves is reduced to zero and the
ventricular fibrillation converts to asystole.

Ventricular tachycardia (VT) — is the same as rapid heart contractions
triggered from the ventricles. The problem is that sometimes the rate of the
contractions is so rapid that the ventricles are not filled with blood. This leads
to a reduced circulation, which can result in an SCA.

In addition, there are two other conditions of cardiac arrest — asystole and
pulseless electrical activity (PEA) - which are known as non-shockable
rhythm.

1.3 Uniformity of the guidelines and
documentation

The history of CPR extends well back in time both outside and inside
hospital. Guidelines issued by the European Resuscitation Council (ERC) and
American Heart Association (AHA) have led to the implementation of
defibrillation in connection with CPR (43-45). In actual fact, the earliest
studies, which subsequently led to the implementation of the first automated
external defibrillator (AED) in Sweden, initiated the thinking about
resuscitation (46, 47). With increasing knowledge about resuscitation around
the world, more questions arose about how to document and formulate
uniform guidelines for CPR and emergency care (44, 48, 49). In the 1990-s,
the AHA and the ERC reached consensus and this eventually resulted in
uniform guidelines — the Utstein style guidelines (1, 2, 43, 50). The
uniformity of the guidelines was designed to make it possible - to have
similar worldwide documentation of the incidence and treatment of OHCA.

1.4 Education in CPR and its
implementation

As previously stated, the thinking about how to resuscitate was initiated
many years ago. In a more modern version, the entire education in CPR and
its implementation in clinical health care were initiated in Belfast in the
1960°-s, supervised by Pantridge (51). After successful pre-hospital
achievements with survivors after OHCA, this knowledge spread to other
countries. Cobb, who was the promoter in Seattle,(52) introduced the
education in CPR both to the EMS crew and to the fire brigade, which
resulted in a two-tier EMS system.
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Following influence from the USA and Norway, the Swedish Society of
Cardiology, with Holmberg as the leader, initiated a national CPR education
programme in 1981 (53). In 1983, there was a complete national CPR
education programme. The implementation process was started by inviting a
number of physicians to attend the very first CPR course in Marstrand, on the
west coast of Sweden. The main purpose of this meeting was to teach all
course members to become instructor-trainers. Then, when they returned to
their work places, they would act as instructor-trainers train instructors who
in turn would train rescuers. Using the so - called “cascade principle” - the
ultimate consequence would be a large number of educated rescuers in CPR
(Figure 1). The CPR education programme was intended to be used among
both medically educated and lay people. The international guidelines for CPR
are revised every five years (54-57). These new guidelines are usually
implemented in Sweden (7) one year after the new European guidelines have
been introduced. The revision aims to adapt to the most recent scientific
evidence with regard to various aspects of CPR.

Instructor-trainer

Instructor Instructor Instructor Instructor

6-8 rescuers 6-8 rescuers 6-8 rescuers 6-8 rescuers

Figure 1. The cascade principle.

1.5 The chain of survival

Survival after an OHCA is dependent on the delay from collapse to treatment.
Previous studies have shown the importance of reducing the delay in all four
links in the chain of survival (Figure 2) which results in increasing survival
(58). Since the model of chain of survival was introduced in 1991, interest
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has focused heavily on using the model as a tool in CPR education and its
implementation in clinical health care (43). At present, the chain of survival
consists of four links. The last link now focuses on post-resuscitation care
(55).

Chain of survival

Figure 2. The chain of survival.

The first link - “Early recognition and call for help - to prevent cardiac arrest”
The ideal situation is to recognise early warning signals that could exist
before collapse. If the OHCA still occurs, it is important to call the dispatcher
as quickly as possible. The dispatcher can then assist in CPR and will send
assistance such as an EMS crew, first responder and so on. A previous study
has highlighted the association between delay to call and survival after
OHCA (59).

The second link — “Early CPR - to buy time”

The next important step is to start treatment with CPR. Treatment such as
CPR results in artificial circulation and ventilation, which is essential for the
survival of both the brain- and cardiac muscle cells. CPR is necessary if there
is a need for defibrillation, since, among other things, it will postpone the
conversion of ventricular fibrillation to asystole (60, 61).

The third link — “Early defibrillation - to restart the heart”

Another important treatment is defibrillation. Defibrillation has to be
performed as quickly as possible. If the delay increases, there is a risk that the
function of the cardiac muscle cells will be impaired and that electrical
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activity will decrease, thereby reducing the chance of successful defibrillation
(62-65).

The fourth link — “Post resuscitation care - to restore quality of life”

Finally, the last link in the chain of survival involves the situation both prior
to and after hospital admission. When there is a return of spontaneous
circulation (ROSC), one of the primary aims is to restore good neurological
function. Therapeutic hypothermia is one of the treatments in post-
resuscitation care (66-69) that is designed to achieve this goal. Moreover,
there are other in-hospital interventions, such as percutaneous coronary
intervention (PCI), coronary bypass surgery and implantable defibrillators,
which might improve the outcome, although there have been arguments about
the scientific evidence (32, 70, 71).

There are also other factors that may indirectly affect the chain of survival.
Previous research has determined that the place at which the OHCA occurs
can be critical for survival and that higher survival was found when the
OHCA took place in public areas (64, 72). In Sweden, about 60% of all
OHCA occurs at home and this contributes to a lower chance of survival
(73). Similar results have been reported by others (74, 75). Furthermore, if
the OHCA is witnessed, it is associated with higher survival (34, 76, 77).

1.6 The emergency medical service (EMS)
in Sweden

In Sweden, each county is responsible for its EMS system. Most of the EMS
systems in counties are controlled by county councils while a few EMS
systems counties are controlled by private companies. The most common
structure is that the EMS is connected to a hospital located in the same
county. Medical treatment guidelines, which were designed to be a tool for
Swedish EMS health care, were drawn up by a Swedish association working
group. These guidelines are recommendations, but following them is not
compulsory (78). Some guidelines such as basic life support (BLS) and
advanced life support (ALS) were also formulated by the Swedish
Resuscitation Council (7). At present, it is estimated that there are almost 300
EMS stations throughout the country, giving each municipality one EMS
station. During the time period of this study, the educational level of the EMS
crew varied. At the beginning of the 1990s, the crews were mostly made up
of paramedics and, later in the 2000s, there was a successive increase in RNs
becoming part of the EMS crew. In some counties, there are also physicians
in the EMS system. The medical records used by the EMS differ in the 21
counties and five different medical records are currently available. One of the
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records is represented in more than half the counties. Two of the 21 counties
use manual paper records, while the others use digital records.

1.7 The Swedish Registers

At the beginning of 1983, the number of educated rescuers, instructors and
instructor-trainers in CPR were recorded in a register — the CPR training
register. Data from 1983 to 1988 have been merged and as a result, they are
not distributed annually. From 1989 and onwards, the data presenting
education in CPR have been available on a yearly basis. In addition,
information about each instructor’-s profession and work place is also
available.

The SCAR was initiated in 1990 and subsequently became a national quality
register (79). The primary aim of the SCAR is to find weak links in the chain
of survival after OHCA. This is important because it could give the EMS
systems an opportunity to find both strengths and weaknesses which could
then be corrected. Each EMS system and its crew have the opportunity to
obtain feedback through continuous data.

The SCAR is supported financially by the Swedish government and the
Swedish Association of Local Authorities and Regions, which makes it
possible to operate the SCAR. An annual report shows changes over time in
terms of various factors at resuscitation and outcome. This is described both
from an overall national perspective and from a regional perspective.
Characteristics, such as personal identification, diagnosis, treatment and
outcome, are documented by the EMS crew and reported online through a
web-based reporting system. The number of OHCAs reported as a result of
its coverage has increased over time, but there is variation between the
different counties in Sweden. In 2011, reporting to the SCAR was almost
complete (80). This completeness is important to enable certain conclusions
to be drawn from the data in the SCAR. This is in agreement with a previous
study (81). From 1990 to 2008, all OHCAs were reported manually by the
EMS systems. In 2008, all the EMS systems reported the OHCAs via web
registration.

In addition - at the end of 2012, the name of the SCAR was changed and the
register is now known as the Swedish Register of Cardiopulmonary
Resuscitation.

At the present time in Sweden, there are about 90 national quality registers.
The aim of a national quality register is to contain individualised data on
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patient problems, medical interventions and outcomes after treatment, with
the final aim of finding weaknesses in the chain of care that can be improved.
Moreover, the Swedish Association of Local Authorities and Regions and the
National Board of Health and Welfare have underlined the importance of data
quality, coverage and reporting completeness to provide the most realistic
results in relation to healthcare (25, 79). This means that the organisation of
the national quality registers is hoping to achieve higher quality health care
documentation and thereby provide feedback to the health care providers. In
addition, this will allow for an open comparison of health care between all
the counties in Sweden and thereby produce better more equal health care.

When general conclusions are drawn about research results, the validity and
reliability have to be taken into account. The validity relates to the
measurements and their relevance to the context, whereas reliability refers to
the measurements being made in a reliable way (82).

1.8 Utstein data - style and reporting

It has been recommended that OHCA data should be reported according to
the Utstein style (1, 2). The reason for this is to obtain data that are uniformly
reported from a national and international perspective. This is important to
enable data to be compared in a similar way. The event and outcome of a
cardiac arrest should be reported as follows (Figure 3):



Cardiopulmonary resuscitation in Sweden — yesterday, today and tomorrow

Population
I

Abscence of signs of
circulation

Resuscitation not Resuscitation
attempted attempted

Cardiac aetiology Non-cardiac aetiology

Non-shockable

thythm Shockable rhythm
Crew-witnessed Bystander-witnessed Non-witnessed
CPR* before EMS** No CPR* before
arrival EMS** arrival

Not admitted to
hospital

Admitted to hospital Not admitted to
ward hospital ward

*cardiopulmonary resuscitation
Discharged alive/alive **emergency medical service
at 1 month ***return of spontaneous circulation

Figure 3. The Utstein style — intended to be used to achieve uniform reporting of
OHCAs.

10
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1.9 The international registers of out-of-
hospital cardiac arrest

At present, there are different ways to document data on OHCAs. Some
existing international registers have been initiated in various time periods
with the aim of collecting data on OHCA prospectively. Variables are
collected and reported according to the Utstein style (1, 2). These registers
include the Resuscitation Outcomes Consortium (ROC), the Cardiac Arrest
Registry to Enhance Survival (CARES), the Victorian Ambulance Cardiac
Arrest Register (VACAR), the European Cardiac Arrest Register (EuReCa)
and the Swedish Cardiac Arrest Register (SCAR) (32, 83-86).

1.10 Previous research from the SCAR

The SCAR has contributed to four theses and in all, generated 36 articles in
international peer reviewed journals.

The first thesis, (M. Holmberg, year 2000) was an overall presentation of the
register and all five papers dealt with the SCAR (62, 87-90).

The second thesis, (J. Hollenberg, year 2008) included two articles, based on
data from the SCAR. The first was a comparison between Stockholm and
Gothenburg, in terms of characteristics and outcome after OHCA (91). The
second article described changes in outcome after OHCA (92).

The third thesis, (K. Bohm, year 2009) included one article based on data
from SCAR dealing with outcome after OHCA in relation to whether
bystanders gave chest compression only CPR or standard CPR (93).

The fourth thesis, (C. Holmgren, year 2011) included one paper based on data
from the SCAR, describing the number of survivors after OHCA in relation
to the first recorded rhythm (94).

Overall one could say, the articles that have been published from the SCAR,
have focused on four major topics:1) factors of importance for outcome, 2)
changes over time, 3) trying to define patients with bad outcome i.e. those
where CPR should not be attempted and 4) specific causes of OHCA, for
example drowning.

11
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1.11 Rationale for the thesis

At present, it is more common in Sweden for a victim of an OHCA to die
before arrival in hospital rather than having the opportunity to survive the
OHCA. During the past decade, from both a national and an international
perspective, several studies have been performed to bring about a positive
change treatment and outcome and thereby an increase in survival (61, 64,
95-97). Moreover, several studies have presented data on the incidence of
OHCA and its variations (22, 27-30).

With previous knowledge in this area — the question is whether it is possible
to present fresh analyses that will generate and contribute to new knowledge
about the incidence and outcome of OHCAs?

Despite the research results that are currently available, there are still some
knowledge gaps in Sweden about the variations in incidence and outcome
between counties. In addition, is it possible to use the register data in the
SCAR in order to bridge the current knowledge gaps?

To draw robust conclusions about incidence and outcome, reliable data that

have been measured in a reliable way must be available and the measurement
has to be relevant to the context, i.e. the validity.

12
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2 AIM

The overall aim of this thesis was to describe and analyse the incidence and
outcome of OHCA and the amount of national training in CPR from data
reported to the SCAR and to the CPR training register.

The specific aim of each paper was:

L

IL

III.

IV.

To describe the CPR training programme and the education
frequency in various working populations in Sweden and to
analyse how it has affected the rate of bystander attempts outside
hospital.

To describe the reported incidence of OHCA and the
characteristics and outcome after OHCA in relation to population
density in Sweden.

To describe differences and similarities between reported and
non-reported data in the SCAR in selected parts in Sweden.

To describe OHCA in Sweden from a long-term perspective in
terms of changes in outcome and factors at resuscitation based on
validated data.

To describe the number of patients who are successfully
resuscitated after OHCA in Sweden and the number of lives that
could be expected to be saved in the future if delays to the start

of treatment could be reduced appropriately.

13
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3 METHODS

The studies in this thesis are designed as observational studies. Papers I-V are
based on OHCA data reported to the SCAR and data reported to the CPR
training register (Table 3).

14
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Table 3. Overview Papers I-V

Paper I Paper 11 Paper 111 Paper 1V Paper V

Aim To describe the CPR To describe the reported To describe differences To describe OHCA in To describe the number
training programme and incidence of OHCA and and similarities between Sweden from a long-term | of patients who are
the education frequency the characteristics and reported and non- perspective in terms of successfully resuscitated
in various working outcome after OHCA in reported data in the changes in outcome and after OHCA in Sweden
populations in Sweden relation to population SCAR in selected parts in | factors at resuscitation and the number of lives
and to analyse how it has | density in Sweden. Sweden. based on validated data. that could be expected to
affected the rate of be saved in the future if
bystander attempts delays to the start of
outside hospital. treatment could be

reduced appropriately.

Design Observational Observational Observational Observational Observational

Sample CPR training register, SCAR, 2008-2009 SCAR, 2008-2010 SCAR, 1992-2011 SCAR, 2008-2010
1983-2007 Manual/web* (n=6,457) Prospectively (n=2,398) (n=59,926) (n=11,005)
(n=2 million rescuers) Web** (n=3,522) Retrospectively (n=800)
SCAR, 1990-2007
(n=45,775)

Analyses*** Non-parametric statistics | Non-parametric statistics | Non-parametric statistics | Non-parametric statistics

* Based on registered OHCAs from counties.
**Based on registered OHCAs from municipalities
***Statistical tests are described in a separate matrix.

CPR — cardiopulmonary resuscitation
OHCA - out-of-hospital cardiac arrest
SCAR - the Swedish cardiac arrest register
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3.1 Definitions
3.1.1 Treated OHCA

A treated OHCA is defined when treatment — CPR and/or defibrillation - is
given to an unconscious person with an absence of normal respiration and no
sign of circulation. Treatment was given by a bystander and/or EMS crew.
These OHCA cases should be reported to the SCAR and conform with the
OHCA data in Papers I-V. One exception is when a patient was given CPR
by a bystander before the arrival of the EMS and the EMS crew did not
continue the treatment due to definite signs of death (such as rigor mortis).
These patients should not be reported to the SCAR and were therefore
removed from the SCAR and were thereby not included in the data in Papers
I-v.

3.1.2 Prospectively versus retrospectively
reported OHCA

Reported versus non-reported data are defined as prospectively versus
retrospectively reported data. Prospective documentation is when the EMS
crew documents a treated OHCA at the time of or soon after collapse.
Prospectively reported data are included in Papers I-V. Retrospective
documentation is when a specifically trained person performs a search
procedure after the occurrence of OHCA and then collects data in medical
records of a treated OHCA. Retrospectively reported data can be found in
Papers III-V.

3.2 Study population and setting
3.2.1 The EMS (I-V)

During the time when the studies were performed, almost all the EMS
systems in Sweden were controlled by county councils apart from a few EMS
systems which were controlled by private companies. Furthermore, the
medical treatment guidelines designed for the Swedish EMS system, were
followed by all the EMS systems in Sweden. The medical records used by the
EMS crew differed in the 21 counties during the study periods and are not
specified over time from 1992 to 2011.

All the EMS systems took part in Papers [-V with some variation in
participation.
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3.2.2 The SCAR (I-V)

Treated OHCAs were reported prospectively in Papers [-V and
retrospectively in Papers I11-V.

In all the studies, the reporting procedure of the EMS mission, both
prospectively and retrospectively, was performed in two parts. The first part
of the form (Appendix I) was filled in by the EMS crew or specifically
trained persons who performed this mission with support from the EMS
medical record. The second part (Appendix II) required in-hospital medical
records in order to address the required questions. In some cases the national
state administrative authority was contacted regarding information about
survival when the in-hospital records could not be found (II-IV). The
retrospective analysis was undertaken by a specifically trained person who
performed a search procedure and then documented the data in the SCAR
(II1-V).

3.2.3 Documentation of variables in the SCAR
(1-V)

In the form for the SCAR there are variables which have to be documented

step by step. If there are any errors, it will not be possible to enter the data,

warning messages will be given and the variable cannot be documented as

part of an OHCA case. When all the data are correctly documented, the form
can be submitted by activating a send button.

The documentation in the SCAR started when an OHCA was registered
according to the variables on the form for the SCAR (Appendix III).

3.2.4 Documentation in the CPR training
register (I)

Educated rescuers in CPR were reported by instructor-trainers and instructors
to the CPR training register.

3.3 Data collection (I-V)

The data collection is based on OHCAs reported by the EMS crew and then
reported to the SCAR in studies I-V. In Paper I the data collection was
primarily based on the CPR training register.

17
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3.3.1 Paper
The data in Paper I, were based on the CPR training register and the SCAR.

Data from the CPR training register were collected from 1983 to 2007. There
were both manually and web-registered rescuers in the CPR training register.
The manually registered data were written down manually on a form by
instructor-trainers and instructors and then sent to a central office in
Gothenburg to be documented in the CPR training register. The web
registrations were made on-line and thereby documented in the CPR training
register.

Data from the SCAR related to 1990 - 2007. The SCAR documentation was
based on manually registered OHCA cases. The manually registered forms
were handled in the same way as in the CPR training register.

The inclusion criteria were:

o Educated rescuers according the Swedish CPR education programme

e Treated OHCASs

The following variables were analysed (Figure 4):

18
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Chain of survival

Wltnessed/non— CPR*
witnessed status*

*Performed by bystander (laypeople Definition:
and/or medically educated) CPR - cardiopulmonary resuscitation

Figure 4. Variables analysed — Paper I based on reported OHCAs.

Other variables, such as social security number, gender, task number, alarm
date, location of OHCA, initial rhythm and cause of arrest were also
documented (Appendix III).

3.3.2 Paperll

In Paper 11, the data were based on the documentation in the SCAR. The data
that were retrieved for the study were collected from 2008 to 2009. The
reported OHCAs related to both counties and municipalities. The reporting
by the EMS crew was performed as both manual and web registrations. The
manually registered OHCAs were based on OHCAs from the entire county,
while the web registrations were based on OHCAs reported from
municipalities. The manual form registrations were handled in the same way
as the manual registrations in the CPR training register.

The inclusion criterion was:

e Treated OHCAs

19
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The following variables were analysed (Figure 5):

Chain of survival

Delay (collapse — Delay (collapse — Delay (collapse — Status at the
call)* CPR)** defibrillation)** arrival of
EMS*+*
Witnessed/non- Witnessed/non- Witnessed/non- Treatments***
witnessed status* witnessed witnessed
status** status®*
CPR** Shockable Survival to one
rhythm ** month
*Performed by bystander Definition: .
**Performed by bystander and/or EMS CPR - cardiopulmonary resuscitation
##*Performed by EMS EMS - emergency medical service

Figure 5. Variables analysed — Paper Il registered from both counties and/or
municipalities.

Other variables, such as social security number, gender, task number, alarm

date, location of OHCA, initial rhythm and cause of arrest, were also
documented (Appendix III).
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During the time period 1990 to 2007, about 80% of all EMS systems reported
to the SCAR. The number of EMS stations which reported to the SCAR was
241.

In addition, in this study, a selected sample of the data reported to the SCAR
and the source data — the EMS medical records — were compared. A cross-
check with data from Dalarna (279,000 inhabitants), western Sweden (1.5
million inhabitants) and Stockholm (two million inhabitants) was performed.

3.3.3 Paper lll

In this study, the OHCAs occurred during the time period 2008 to 2010. The
reported data were based on web registrations to the SCAR.

The included OHCAs were reported both prospectively and retrospectively.
The number of participating EMS systems reporting OHCAs to the SCAR
was 300.

The inclusion criterion was:

e Treated OHCAs

21
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The following variables were analysed (Figure 6):

Chain of survival

Delay (collapse — Delay (collapse — Delay (collapse — Status at the
call)* CPR)** defibrillation)** arrival of
Witnessed/non- Witnessed/non- Witnessed/non- Treatments***
witnessed status*® witnessed witnessed
status** status**
CPR** Shockable Hospitalised
rhythm ** .
alive
Survival to one
month
*Performed by bystander Definition:
**Performed by bystander and/or EMS CPR - cardiopulmonary resuscitation
***Performed by EMS EMS — emergency medical service

Figure 6. Variables analysed — Paper 11l based on retrospectively and prospectively
reported OHCAs.

Other variables, such as social security number, gender, task number, alarm

date, location of OHCA, initial rhythm and cause of arrest, were also
documented (Appendix III).
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3.3.4 Paper IV

In Paper IV, the OHCA data related to 1992 to 2011 and were based on the
SCAR. The reported OHCAs consisted of both manual and web registrations.
The definition of manual/web registrations is given in connection with Paper

1I.
The inclusion criterion was:

e Treated OHCAs

The following variables were analysed (Figure 7):
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Chain of survival

0 byy time

Copyright Laerdal Medical

Delay (collapse — Delay (collapse — Delay (collapse — Status at the
call)* CPR)** defibrillation)** arrival of
Witnessed/non- Witnessed/non- Witnessed/non- Treatments***
witnessed status* witnessed witnessed
status** status**
CPR** Shockable Hospitalised
rhythm ** .
alive
Survival to one
month
Post-
resuscitation care
CPC score
*Performed by bystander Definition:
**Performed by bystander and/or EMS CPR - cardiopulmonary resuscitation
***Performed by EMS EMS — emergency medical service

CPC score — cerebral performance category score

Figure 7. Variables analysed - Paper IV based on reported OHCAs.
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Other variables, such as social security number, gender, task number, alarm
date, location of OHCA, initial rhythm and cause of arrest, were also
documented (Appendix III).

3.3.5 Procedure for the retrospectively reported
OHCAs (l11-1V)

In Sweden, four different digital EMS medical record systems are in use. In
Papers III and IV, one of the digital systems was used in more than half of all
21 Swedish counties and the other three digital systems were distributed in
the remaining seven counties. Three counties were using manual EMS
medical records in paper form which were documented in an electronic
monitoring system. The documentation in the Swedish EMS medical records
was performed in different ways. This meant that the searchability was not
generalisable in all EMS medical records. To find the non-reported OHCAs
in the EMS medical records, a search template, with several keywords that
could be used, was followed (Appendix IV). When the search template was
constructed, it could be used in counties, providing that the same digital EMS
medical record or electronic monitoring system was in use. For each county
in Sweden there was one specially trained person who was responsible for
constructing the search template and performing the search procedure. When
the search procedure was completed, all the retrospective OHCA data were
documented by the same person to the SCAR.

3.3.6 Cross-check of the EMS records versus
the SCAR (llI1-1V)

In the next step, all the retrospective OHCA data were compared with the
SCAR. In all counties, the responsible specially trained person provided data
for his/her own county. The data were delivered to the database manager for
the SCAR. The data contained the social security numbers of treated OHCAs
and they were compared with the prospectively reported OHCAs in the
SCAR. If there were data with the same social security number in the SCAR
and in the retrospectively reported OHCAs, the retrospective OHCA was
removed, provided that the OHCA occurred on the same day and at the same
time. At this stage, when all the variables on the first part of the form in the
SCAR were completed, each case became a reported retrospective OHCA.
Furthermore, the OHCA was followed up in terms of treatment (PCI,
therapeutic hypothermia, drugs) and survival. This information was
documented in the second part of the SCAR form. Information about the
OHCA treatment in hospital and survival was found in hospital medical
records. In some cases where information about survival could not be found,
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contact was made with the national state administrative authority. If this
occurred, the retrospective OHCA case was removed and only the original
data in the SCAR remained. This was done in order to avoid the duplication
of documentation.

3.3.7 Validation of reported OHCAs (llI-1V)

A validation process was performed, first and foremost in Papers III and 1V,
with the primary aim of validating the reported incidence of OHCA in each
county in Sweden. This was due to the vast variation in reporting frequencies
in Sweden. In addition to the validation of reported incidence, it is important
to validate the individual variables.

A small investigation designed to compare the documentation of the source
data and register data was performed in 2009. A subset of data was randomly
collected in western Sweden (n=200) and Dalarna (n=43). The sample was
prospectively reported by the EMS crew. When each OHCA case was
compared, a self-made template was used to determine whether there was
documentation about all the variables both in the EMS medical record and in
the SCAR. The variables that were evaluated were initial arrhythmia, place of
cardiac arrest, witnessed status, bystander CPR and survival.

In overall terms, the agreement was very high (more than 95%; 100% for
survival). These data have not previously been published.

3.3.8 PaperV

In Paper V, the calculations are based on OHCAs reported to the SCAR from
2008 to 2010 and an estimation of OHCAs from 2011 (Tables 4-5).

OHCAs are divided into three different categories

e Dbystander witnessed
e bystander or EMS witnessed
e bystander/EMS witnessed and found in VF

The number of OHCAs per year in each category is based on estimations
from 2011 (Table 4).
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The increase in survival rate by reducing the delay to calling, delay to CPR or
delay to defibrillation has then been calculated from the estimated number of
OHCAs and the distribution (as a function of delay) of survival rate. The
distribution is based on OHCAs reported to the SCAR in 2008-2010 (Table
5).

The inclusion criterion was:

e  Witnessed treated OHCASs

The following variables were described (Figure 8):
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Chain of survival

Delay (collapse — Delay (collapse — Delay (collapse —
call)* CPR)** defibrillation)**
Witnessed Witnessed Witnessed
status* status** status**
CPR** Shockable
rhythm **
*Performed by bystander Definition:
**Performed by bystander and/or EMS CPR - cardiopulmonary resuscitation

EMS — emergency medical service

Figure 8. Variables analysed — Paper V based on witnessed reported OHCAs.

Other variables, such as social security number, gender, task number, alarm
date, location of OHCA, initial rhythm and cause of arrest, were also
documented (Appendix III).
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3.4 Data analyses - statistics (I-V)

Paper I Paper 11 Paper 111 Paper IV Paper V

Descriptive X
Fisher’s exact test X X
Mann-Whitney U test X X X X

9
Spearmaim s rank X X
correlation
Logistic regression X

Figure 9. Flow chart for statistical tests used in Papers I-V.

Papers I-V:

Non-parametric statistics were used in Papers [-IV due to the skewed sample.
Descriptive statistics such as the mean, median and percentages were used in
Papers I-V.

I

Trend tests for associations with the time variable of year of OHCAs were
performed using the Mann-Whitney U test. A p-value of less than 0.05 was
regarded as significant.

I

Descriptive statistics and correlation analyses were used in this study. The
variables were presented as percentages, mean or median. For associations
with dichotomous variables the Mann Whitney U test was used and
Spearman’s rank statistics were used for continuous variables. For
calculations of unadjusted and adjusted odds ratios relating to the reported
incidence of OHCAs and outcome after OHCAs, logistic regression was
used.
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When adjusting for initial rhythm, place and aetiology, patients were divided
as follows; VF versus no VF (initial rhythm), home versus not at home
(place) and cardiac versus non-cardiac (aetiology).

111

The variables were presented as percentages, mean or median. Fisher’s exact
test was used for comparisons of proportions and the Mann-Whitney U test
was used for continuous variables. A p-value of less than 0.05 was regarded
as significant. Two-tailed tests were applied.

v

The data were reported as percentages, mean or median. For tests of trends
over time, the Mann-Whitney U test was used for dichotomous variables and
Spearman’s rank correlation was used for continuous/ordered variables. For
comparisons between prospectively and retrospectively reported cases in
2011, Fisher’s exact test was used for proportions and the Mann-Whitney U
test was used for continuous/ordered variables. The latter test was also used
for comparisons of Cerebral Performance Category (CPC) score between
patients found in a shockable rhythm and patients found in a non-shockable
rhythm.
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Table 4. The distribution of the number of OHCAs per year.

OHCA per year n=5000*

Bystander witnessed

Bystander/EMS witnessed

Bystander/EMS witnessed + VF

n(%)

2650(53)

3500(70)

1155(33)

*Estimate based on reported OHCAs from 2011 which are presented in the result text.

Table 5. Calculation from the estimated number of OHCAs and the distribution of survival rate.

Bystander witnessed Bystander/EMS witnessed Bystander/EMS
witnessed+VF
Delay to call Difference | Delay to CPR Difference | Delay to Defibrillation Difference
n(%)* 2166(53) 1899(47) 2732(48) 2915(52) 552(31) 1217(69)
Delay(minutes) | 0-2 > 0-2 > 5-8 >8
Survival %* 13 6 13-6=7 18 6 18-6=12 43 18 43-18=25
Calculation™** | 0.47* - 2650%* - 0.07*=87 0.52%* - 3500** - 0.12*=218 0.69% - 1155%* -
0.25*=199

*Based on data reported in 2008-2010 which are presented in Paper V, Figures 3-5.
** Estimate based on reported OHCAs from 2011.
*** Estimated number of additional lives saved per year if delay to call or CPR is reduced to <2minutes (all cases) or delay to defibrillation is reduced to < 8 minutes (all

cases).

Definition:

CPR - cardiopulmonary resuscitation
EMS — emergency medical service
OHCA - out-of-hospital cardiac arrest
VF — ventricular fibrillation
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3.5 Ethics

The register data in the SCAR is expected to follow the recommendations
according the Helsinki declaration (98). The research ethics guidelines
including information, informed consent and confidentiality are therefore
taken into account and adapted to the documentation of data in the SCAR.

A large number of the patients who are registered in the SCAR are deceased.
With respect to information and informed consent, there has been no contact
with their relatives or acquaintances after they were reported to the SCAR.
Furthermore, there have not been any personal contacts with the survivors
who were a part of the sample in the Papers (I-V). All survivors after an
OHCA are supposed to receive information about their participation in the
SCAR. At present, there is a lack of information about how this works in all
the Swedish counties.

Due to confidentiality, all data have been kept locked up when it comes to the
EMS medical records. Furthermore all data are analysed on a group level, so,
the identity of one single patient can never be revealed.

There has never been any financial compensation to the EMS systems which
have reported OHCA data to the SCAR and all the EMS systems were free to
terminate the reporting of OHCAs to the SCAR. Ethical approvals for the
SCAR have been applied for and were authorised by the regional ethics
committee in Gothenburg (S394-00). However, for the papers in this thesis,
there were no further ethical questions recognised associated with register
issues. These studies have been looked upon as quality work. This has been
discussed with one of the most experience members of the regional ethical
committee in Gothenburg.
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4 RESULTS

4.1 Summary of results (I-V)

From 1983 to 2007, two million people in Sweden were trained in CPR by
CPR instructor-trainers. This was associated with an increase in CPR
attempts prior to the arrival of the EMS.

The data have been analysed in relation to whether OHCA cases were
reported prospectively and retrospectively from 2008 to 2011.These analyses
suggest that about 25% of cases are not reported prospectively. There were
some differences between prospectively and retrospectively reported
OHCAs. When comparing these two groups in 2008 to 2010, the
retrospectively reported patients were older, received CPR less frequently
prior to the arrival of the EMS but had a higher survival to one month than
the reported group. When comparing prospectively and retrospectively
reported OHCAs in 2011, it was found that OHCAs occurred more frequently
in the time period October to December in the retrospectively reported group
and OHCAs were less frequently of cardiac etiology in the retrospectively
reported group. Furthermore, the median delay between collapsing and
calling for the EMS was shorter in the retrospectively reported group.

Factors at resuscitation and outcome have been related to population density.
The main findings were that there was no association between population
density and survival after OHCA, regardless of whether it was evaluated
from a regional or municipality perspective. Bystander CPR, cardiac etiology
and longer EMS response times were more frequent in more sparsely areas.

There was an increase over time in the number of reported OHCAs with an
increase in survival rate to one month, particularly among patients found in a
shockable rhythm. The total number of lives saved after OHCA today is
about 500. The results indicate that the majority of the survivors have a good
or relatively good cerebral function.

Regarding survival in relation to the delay to treatment, an estimation showed
that, if the delay from collapse to a) calling the dispatchers, b) the start of
CPR and c) the time to defibrillation were reduced to: a/ less than two
minutes, b/ less than two minutes and c/ less than eight minutes, 300-400
additional lives could be saved.
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4.2 Education in CPR in Sweden (I)

From 1983 to 2007, two million rescuers were trained in B-CLS for adults.
From 1983 to 1988, the reported educated CPR rescuers were documented as
a total number (n=250,000), while, in the following period, from 1989 to
2007, they were reported annually. Fifty thousand instructors and 2,500
instructor-trainers both specializing in B-CLS were educated, thereby
enabling the mass training in B-CLS.

In 1998 to 2007, approximately 100,000 rescuers were trained in child CPR.
Almost 5,000 instructors and 350 instructor-trainers were educated in same
time period.

The numbers of rescuers trained in defibrillation CPR totalled 40,000; 4,000
instructors and 300 instructor-trainers from 1996 to 2007.

Training in A-CLS between 1989 and 2007 resulted in 50,000 rescuers and
2,000 instructors.

The dominant profession that trained rescuers in CPR was nurses during the
time period from 1998 to 2007. They were particularly involved in the
training of health care providers in the hospital.

4.3 Reported incidence (II-V)

From 1 January, 2008 to 31 December, 2009, 6,457 OHCAs were reported to
the SCAR as both manual and web registrations. During the time period 2008
to 2009, 3,522 OHCAs were web registered. Web-registered OHCAs divided
between municipalities did not show any association between reported
incidence and population density. The incidence of OHCAs was lower in the
quartile with the highest population density as compared with the quartile
with the lowest population density (II). Furthermore, in Paper II, a cross-
check of data reported to the SCAR, in 2009 and source data, in 2009,
showed that the proportion of non-reported OHCAs was 23% (western
Sweden), 30% (Dalarna) and 15% (Stockholm).

The reported incidence of treated OHCAs in Paper III was 3,198 in 2008 to
2010 (based on three counties, Vastra Gotaland, Skéne and Dalarna). These
cases were divided into prospectively reported OHCAs (n=2,398) and
retrospectively reported OHCAs (n=800).
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In Paper 1V, the overall reported incidence of treated OHCAs was given for
each year from 1992 to 2011. The total number of OHCAs was 59,926. The
reported incidence varied from 27 per 100,000 inhabitants/year in 1992 to 52
per 100,000 inhabitants/year in 2011.

The overall reported number of treated OHCAs in 2008 to 2010 was 11,005
V).
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Figure 10. The number of reported OHCAs per 100,000 inhabitants and year, in
2011.

4.4 Prospective and retrospective data (ll,
I, 1Iv)

When comparing prospectively and retrospectively reported data in the
western Sweden (1.5 million inhabitants), Dalarna (279,000 inhabitants) and
Stockholm (2 million inhabitants) in 2009 based on EMS medical records
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and OHCAs reported to the SCAR, it was found that 23%, 30% and 15%
respectively were not prospectively reported (II).

In 2008 to 2010 in Paper III, 3,198 OHCAs were reported to the SCAR, of
which 2,398 were reported prospectively and 800 retrospectively. As a result,
25% were not reported prospectively (missing rate) to the SCAR. These
analyses were based on the three counties (Vistra Gotaland, Skane and
Dalarna).

In 2011, 4,904 OCHAs were reported to the SCAR and the reported missing
rate was 26% (n=1,279) which were reported retrospectively (IV).

4.5 Gender and age (Papers lI-1V)

One third of all OHCA patients were women with the highest reported
percentage in Ostergdtland - 41% (based on counties) (II). There were small
changes in the distribution of gender over time (30% in 1992 and 32% in
2011) (2011) (V).

The median age was lower in Stockholm, Gothenburg and Malmé than in the
other counties. The median age of an OHCA patient varied from 67 years to
77 years (based on counties, p=0.003 (II). In Paper III, the prospectively
reported OHCA patients were younger than the retrospectively reported
OHCA patients. The median age did not change over time from 1992 (67
years) to 2011 (67 years) (IV).

4.6 Location of OHCA (lI-1V)

The proportion of OHCAs which took place at home varied from 56% to
73% (based on counties) (II). There were no significant differences in
prospectively versus retrospectively reported OHCAs (66% vs. 69% took
place at home) (III).

4.7 Time of day, day of week and month
(-1v)

There were no significant differences with regard to time of OHCA when
prospectively and retrospectively OHCA patients were compared (III). In
Paper IV, 35% of OHCAs in the retrospectively reported group took place in
October — December, whereas only 24 of the prospectively reported OHCAs
took place during these months (p<0.0001).
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4.8 Etiology (11-1V)

A cardiac etiology, when analysed per county, varied from 43% to 93% and
was more common in less densely populated areas (p=0.0015) (II). A cross-
check of prospectively and retrospectively reported data for the time period
2011 revealed a lower rate of a cardiac etiology in the retrospectively
reported OHCA group (50% versus 67%; p<0.0001) (IV).

4.9 Witnessed/non-witnessed status (ll-
V)

The proportion of witnessed cases varied from 63% to 100% (II). There were
no differences between prospectively and retrospectively reported OHCAs in
terms of witnessed cases (III). From 1992 to 2011, there was a change in
witnessed status over time. Crew-witnessed OHCAs increased from 10% to
15% (p<0.0001). Bystander-witnessed OHCAs decreased from 55% to 53%
(p<0.0001) and non-witnessed OHCAs decreased from 35% to 32%
(p=0.0003) (IV).

4.10 Bystander CPR (I-1V)

Bystander CPR increased from 31% in 1992 to 55% in 2007, p<0.0001 (I). In
the same time period, among patients with a witnessed OHCA, the proportion
who received bystander CPR increased from 40% to 59% (I). Furthermore,
among patients who received bystander CPR, the proportion of lay persons
who performed CPR increased from 66% to 77% (p<0.0001) (I). The
proportion of patients with a non-witnessed OHCA who received bystander
CPR increased from 22% to 51% (I). The proportion of patients with a
bystander-witnessed OHCA who received CPR prior to the arrival of the
EMS varied between regions from 49% to 79% (II). In sparsely populated
areas, more patients received bystander CPR than in highly populated areas
(p=0.038) (II). In Paper III, bystander CPR was more common in the
prospectively reported group than in the retrospectively reported group
(p=0.023). Among patients with a bystander-witnessed OHCA the proportion
who received CPR prior to the arrival of the EMS increased from 40% (1992)
to 71% (2011) (p<0.0001). Among patients with a non-witnessed OHCA
there was a corresponding increase from 22% to 63% (p<0.0001) (IV).
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4.11 Delay (lI-V)

There were no differences in the delay from collapse to call between the
prospectively and retrospectively reported groups (III). However, in Paper IV
the median delay between collapsing and calling for the EMS was shorter in
the retrospectively reported group (1 minute versus 3 minutes) (p<0.0001).
Over time from 1992 to 2011, there was a decrease in the median delay from
collapse to call from five to two minutes among patients with a bystander-
witnessed OHCA (p<0.0001).

The median delay between dispatching the EMS to the arrival of the EMS at
the patient’s side (EMS response time) varied, depending on population
density, from six to 11 minutes. The less densely populated areas were, the
longer the EMS response time (p<0.0001) (Paper II). There were no
differences in EMS response time between the prospectively and
retrospectively reported groups (III). From 1992 to 2011, the median EMS
response time increased from six to nine minutes (p<<0.0001) (IV).

There were no differences in the time from calling for the EMS to first
defibrillation between prospectively versus retrospectively reported OHCAs
(III). Among bystander- and crew-witnessed cases, there was a decrease in
the median time from collapse to first defibrillation, from 12 to 11 minutes,
p<0.0001 (IV).

4.12 Shockable rhythm (11-1V)

VF/VT varied from 17% to 60% (II). There was no difference in the
proportion of patients found in a shockable rhythm when prospectively and
retrospectively reported patients were compared (III). Among all patients, the
proportion of patients found in VF/VT decreased from 35% in 1992 to 25%
in 2011 (IV).

4.13 Survival (I1-1V)
4.13.1 Hospitalised alive (lll, IV)

There were no differences in the proportion of patients hospitalised alive
between the prospectively reported group (23.6%) and the retrospectively
reported group (20.7%) (III). The proportion of patients who were brought
alive to a hospital ward increased from 15% in 1992 to 22% in 201 1(IV).
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4.13.2 Survival to one month (lI-V)

Survival to one month differed from 2% to 14% in various counties during
the time period 2008 to 2009. There was no significant association between
population density and survival (II). Survival to one month was higher in the
retrospectively reported group (11.9%) than the prospectively reported group
(9.2%; p=0.035) (III). However, in 2011, there was no significant difference
in survival to one month between prospectively and retrospectively reported
patients (IV). The overall survival to one month increased from 4.8% (1992)
to 10.7% (2011) (p<0.0001). The most marked increase in survival was found
among patients found in a shockable rhythm from 12.7% in 1992 to 31.6% in
2011 (p<0.0001) (IV). Among patients who were brought alive to a hospital
ward the survival to one month increased from 33% in 1992 to 48% in 2011
(p<0.0001) (IV).

The total number of reported survivors was 124 in 1992 and this number
increased to 516 in 2011. The number of survivors per 100,000 inhabitants
and year increased from 1.4 in 1992 to 5.6 in 2011. In 2011 the number of
survivors per 100,000 inhabitants/year varied between counties from 1.2 to
8.9 (IV).

In Paper V the delay was based on speculated time reductions. From collapse
to call for EMS estimations showed that, if the time from calling was 0-2
minutes after collapse in all patients, 87 lives could be saved every year.
Furthermore, estimations showed that, if CPR was started within two minutes
after collapse in all patients, 218 lives would be saved. If the first
defibrillation was performed within five to eight minutes after collapse in all
patients, 199 lives could be saved.

4.14 Post-resuscitation care (IV)

In 2008 - 2011, among patients who were brought alive to a hospital ward,
41% underwent therapeutic hypothermia and 28% underwent PCIL.

4.15 Cerebral function according to the CPC
score (V)

In a subset of survivors, the distribution according to estimated cerebral
function at discharge from hospital showed that 83% had CPC 1 and 11%
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had CPC 2. Survivors found in a shockable rhythm had a better CPC score
than survivors found in a non-shockable rhythm.
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5 DISCUSSION

This thesis is based on observational studies in all five papers. The most
important finding is an improvement in survival after OHCA in Sweden and
more aggressive responsive reporting to the SCAR.

Methodologically, the size of the samples has varied, as has the
representativeness of the samples. Moreover, the representativeness has
become stronger during the time this thesis was written. The variation in the
frequency of reported OHCAs might have influenced the results towards bias,
but in the end, there is more reliable, valid data from which more robust
conclusions can be drawn. However, when significant results are found, it is
important to convert them to realistic clinical implications.

5.1 Findings

Is the Swedish system for education in CPR an optimal system?

The Swedish CPR education programme was intended to reach a large
population with the aim of educating rescuers in CPR. When the training
material was prepared at the beginning of the 1980s, the aim was to educate
both lay people and medically educated individuals. Another important goal
in the education programme was to implement the cascade principle, which
turned out to be unique and necessary for the success of the Swedish CPR
education. Using the cascade principle, a large number of rescuers have been
educated in CPR. This has become an invaluable resource, thanks both to
medically educated rescuers in hospitals and to lay rescuers outside hospital.
Furthermore, this education has become more accessible due to the reduced
training time. Looking forward, central aspects to take into account are both
the quality of the CPR education and the performance in CPR. Now that the
quality of CPR education and the performance in CPR is under greater
control, it could call the Swedish CPR education programme an optimal
system for education in CPR (99-103). A model of this kind might very well
become a standard which other countries will attempt to mimic.

42



Anneli Stromsoe

Which are the key target groups for CPR in the future?

It is a well-known fact that the early start of CPR increases the chance of
survival (88, 104-107). When an OHCA occurs outside hospital and before
the arrival of the EMS, someone has to start CPR. Today, in the Swedish
counties, first responders such as the fire brigade are often on the scene
before the arrival of the EMS. They have a major mission in society. Other
target groups which have the potential to start CPR prior to the arrival of the
EMS include the OHCA victims’ relatives. As most OHCAs occur at home
and, if a wife or husband witnesses the collapse, it is essential that they are
educated in CPR (75). At present, all the elementary schools in Sweden have
an opportunity to obtain knowledge on how to educate their pupils in CPR.
Unfortunately, not all schools educate their pupils in CPR. Consequently, a
great deal of work remains to be done in order to persuade teachers and the
school organisations to make CPR education a matter of routine.

A previous study has shown that, the majority of OHCAs occur at home (73).
If the OHCA is not witnessed and occurs at home, it is more or less
impossible to obtain a higher survival rate if the victim is found at a later
stage. A previous study reported a higher mortality rate for OHCAs
witnessed at home and suggested that education for spouses might increase
survival among patients who suffer an OHCA at home and have a cardiac
aetiology (108). Studies in this thesis, do not have data on whether the non-
witnessed OHCA victims were alone at home when the OHCA took place.
Unpublished data have shown that, when the home-care staff have found a
non-witnessed OHCA at home, an estimate of the time of the collapse was
often made and this resulted in unsafe documented data on the OHCA. A
recent study indicated the usability of lay people in public areas in
combination with a mobile phone positioning system (64). The use of a
mobile phone positioning system could be more common in the future with
the aim of and as a tool for achieving a rapid response from call to CPR
and/or defibrillation.

However, which is actually the target group for CPR education? With
knowledge of the two links at the beginning of the chain of survival,
everyone could theoretically be trained in CPR in order to produce a rapid
call to a dispatch centre and a rapid start of CPR.
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Was the vast number of rescuers educated in CPR expected from the
start?

Since the CPR education programme was initiated in Sweden, the training of
rescuers in CPR has continued on a year-to-year basis. Holmberg, the leader
of the Swedish Society of Cardiology during the 1980s, did not forecast the
remarkable development in CPR education in Sweden (S. Holmberg,
personal communication). The CPR organisation that has built up CPR
education in Sweden worked on a voluntary basis from the very start and was
therefore not centrally controlled. The lack of a centrally controlled function
without central transparency has resulted in both the strengths and
weaknesses of the CPR education register. The main strength is the large
number of trained rescuers since the first education programme in CPR due
to the use of the cascade principle. The main weakness is the general inability
and lack of opportunity to follow up the educated rescuers (109).

How were the epidemiological characteristics distributed between the
regions in Sweden?

The distribution of gender and age was relatively similar in all the counties
but one (II). Previous studies have shown that about a third of all OHCAs
involve women in whom CPR is attempted (20, 21). In one county
(Ostergdtland), a higher percentage of female OHCAs were found. This
could depend on bias in reporting to the SCAR. According to Statistics
Sweden, the distribution of age and gender is fairly similar between the
counties in Sweden(110).

This is the first time that OHCA data in Sweden were retrospectively
searched in order to ascertain whether the reported incidence reflects the
actual incidence (III). When comparing cases which were not prospectively
reported with those that were, significant differences were found in some of
the reported variables. The retrospectively reported OHCAs were older, had
less bystander CPR and higher survival. When it comes to the higher age of
the retrospectively reported OHCAs, there is no obvious explanation for this
finding. At present, the population in Sweden is getting older. The 65 to 79
age group is one subgroup that is increasing in numbers. According to the
National Board of Health and Welfare, about 300,000 people who are 65 or
older and are in need of health care and social care (25). To return to the
question, the non-prospectively reported OHCAs might involve this subgroup
which has been treated by both bystanders and the EMS crew. Ageing and
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co-morbidity might be a reason why the EMS crew did not report these cases
in the belief that they did not fulfil the inclusion criteria. Perhaps some of the
very old patients received CPR from the EMS crew for a very short time and
the EMS crew therefore decided not to report the case. This is in accordance
with a previous study (111).

A higher proportion of OHCAs with a cardiac aetiology was found in the less
populated areas (II). Otherwise the patient characteristics were relatively
similar when related to population density. A lower proportion of OHCAs
with a cardiac aetiology in more populated areas could perhaps indicate that
the OHCAs were more frequently caused by trauma, intoxication or suicide
in these areas. A higher proportion of OHCAs with a cardiac aetiology was
found in northern Sweden, which also represents the more sparsely populated
areas. The higher proportion of cardiovascular disease is in agreement with a
previous report by the National Board of Health and Welfare (25).

Was the correct number of patients with OHCAs in Sweden included in
whom resuscitation was attempted in 2011?

There might be some questions about the collected sample with regard to the
inclusion criteria. A definition of a treated OHCA is: “Treatment was
initiated by a bystander or the EMS crew”. These cases should be reported to
the SCAR. When definite signs of death such as rigor mortis are present,
these cases should not be reported to the SCAR, even if CPR was attempted.
If the OHCA was reported to the SCAR and the EMS crew did not continue
after arrival due to definite signs of death, the OHCA case was removed from
the database and was therefore not included in the analyses.

Despite these corrections, there are reasons to assume that there are still some
OHCA cases which were not reported to the register. In some counties, such
as Visternorrland and Blekinge, the number of reported cases per 100,000
inhabitants and year is so low that it is, most likely, that some cases are not
reported.

How well validated are the reported OHCA data in the SCAR?

One important aspect is that the incidence of OHCA is correctly described by
gathering knowledge about the representativeness and when conclusions
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about research results should be drawn. Previous studies have shown a
variation in the reported incidence of OHCA (22, 27, 28, 32). Every year
Swedish OHCA reports have shown a variation in OHCA reporting from
each county. This has led to a validation process (III-IV) that has been
performed to validate the incidence of OHCA in each Swedish county. As a
result of the validation process (III-IV), the data on the incidence of OHCA
could currently be more reliable.

Furthermore, there is recommendation about the way the OHCAs should be
reported in a uniform way from both a national and international perspective
(1, 2). This enables the data to be compared in a similar way and the OHCA
data are measured in a reliable way. In Paper II, a comparison was made
between the documentation of the source data and register data with the aim
of investigating the agreement between the documented variables. This was a
small sample and, in the future, it is important to continue to validate the
individual variables between the source data and register data to determine
whether the content of the documentation was equal. This is consistent with
previous research (112, 113).

It has to be remembered that the EMS systems in Sweden have different
medical records in different counties. A search template was created for use
by specifically trained persons when the data were searched retrospectively
(III-IV). It is important to take account of the fact that there might be some
differences in the search procedure between the various specifically trained
individuals. Although clear instructions on how to search for OHCAs were
issued, some of these trained individuals may not have followed them.

Why do the EMS crews not report all OHCA cases in which CPR was
attempted to the SCAR?

The incidence of OHCA reported to the SCAR has varied and the total
missing rate was 25% (III). One theory about the missing OHCAs was that, if
the OHCA occurred during the night, there was a greater risk that the EMS
crew would forget to report it due to tiredness. Another aspect could be new
employees who are not familiar with the routine for reporting to the SCAR. A
previous study has found that if the EMS is controlled by a county council or
a private company might be of importance for the reporting to a register
(114). Moreover, in some OHCA cases when the EMS crew witnessed an
OHCA with VF as an initial rhythm, these cases might therefore be assessed
as something other than a true cardiac arrest. This is in agreement with a
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previous study (115). There are no precise explanations as to why the EMS
did not report the OHCAs to the SCAR.

However, based on the findings from two of the studies (III, IV), an overview
was made of the reported incidence of both prospectively and retrospectively
reported OHCA in 2011 and 2012 (Table 6). This overview indicates that
there was an increase in OHCAS reported by the EMS crew (prospectively) to
the SCAR from 2011 to 2012. When comparing prospectively reported
OHCAs between 2011 and 2012, Stockholm was excluded due to the
incompleteness of reporting (Table 7). This comparison has not been
analysed statistically and has never previously been published.
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Table 6. The reported incidence of prospectively and retrospectively OHCAs in 2011 and 2012 (28/3/2013).

Reported incidence 2011 Reported incidence 2012 (2013-03-28)
County Population | n : , per 100 000 inh |~ , : per 100 000 inh

Prospective | Retrospective Total Prospective | Retrospective Total
Stockholms lén 2091473 471 499 970 |46 64 0 64 3
Uppsala lén 338 630 150 39 189 |56 155 0 155 |46
Sodermanlands ldn 272 563 160 15 175 |64 178 0 178 | 65
Ostergétlands 1in 431075 171 - 171 40 182 0 182 |42
Jonkopings lan 337 896 165 33 198 |59 159 0 159 |47
Kronobergs lin 184 654 69 6 75 41 73 0 73 40
Kalmar lén 233 090 142 0 142 |61 170 0 170 |73
Gotlands lén 57308 39 7 46 80 28 1 29 51
Blekinge lén 152979 64 6 70 46 84 0 84 55
Skéne lén 1252933 379 364 743 [ 59 472 29 501 |40
Hallands lén 301 724 146 18 164 |54 147 0 147 149
Vistra Gotalands lén 1 590 604 707 112 819 |51 767 2 769 |48
Vérmlands lén 272 736 134 22 156 |57 140 0 140 |51
Orebro lin 281572 103 20 123 |44 106 0 106 |38
Vistmanlands 1én 254 257 97 21 118 |46 105 0 105 |41
Dalarnas lén 276 565 126 59 185 |67 164 0 164 |59
Gévleborgs lén 276 130 140 51 191 |69 151 0 151 55
Visternorrlands lén 242 155 91 - 91 38 78 0 78 32
Jamtlands lén 126 299 60 - 60 48 51 0 51 40
Visterbottens ldn 259 667 99 18 117 |45 117 0 117 |45
Norrbottens ldn 248 545 108 3 111 |45 118 0 118 |47
Total 9 482 855 3621 1293 4914 | 52 3509 32 3541 | 37
Total (Stockholm
excluded) 7391 382 3150 794 3944 53 3 445 32 3477 47
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Table 7. The proportion of reported OHCAs in 2011 and 2012.

Prospective reported incidence

County 2011/total 2011 [%] 2012/total 2011 [%]
Stockholms ldn 49% 7%
Uppsala ldn 79% 82%
Sodermanlands lédn 91% 102%
Ostergétlands lin 100% 106%
Jonkdopings lin 83% 80%
Kronobergs lin 92% 97%
Kalmar lén 100% 120%
Gotlands lin 85% 61%
Blekinge ldn 91% 120%
Skane ldan 51% 64%
Hallands lédn 89% 90%
Vistra Gotalands ldn 86% 94%
Virmlands ldn 86% 90%
Orebro lin 84% 86%
Vistmanlands ldn 82% 89%
Dalarnas lian 68% 89%
Givleborgs lan 73% 79%
Visternorrlands ldn 100% 86%
Jamtlands lan 100% 85%
Visterbottens ldn 85% 100%
Norrbottens lin 97% 106%
Total 74% 71%
Total (Stockholm excluded) 80% 87%
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During 2011, all EMS systems (n=11) in Dalarna (279,000 inhabitants) were
visited, once at a time, at a working place meeting and were given feedback
about their efforts in connection with treatments of the OHCAs. Previous
research has shown the importance to give the staff oral feedback instead of a
written report (116). However, the aim was to investigate if the given
feedback about the OHCAs could have an effect on the reporting rate to the
SCAR. The compared time periods were 2010 and 2011. The data has not yet
been analysed and therefore not been published.

In 2011, the reporting of OHCA per 100,000 inhabitants and year was highest
69 (Gévleborg), 67 (Dalarna) and the lowest 37 (Véasternorrland).

Is a golden standard available for finding missing cases in an OHCA
register?

When the search process was initiated, to obtain knowledge of the OHCA
incidence in Sweden, no previous experience was available to enable it to be
performed in a reliable, valid way. Surprisingly, no information was available
in the literature. Information was searched which was related to national
quality registers other than the SCAR. Information was found in a previous
study which provided advice on the process of reporting to a register but no
data on how to find missing cases (81). The efforts should be regarded as a
pilot study with regard to the search process. Since there are several EMS
medical record systems in Sweden, the search template needs to be developed
and repeated in future studies.

At present, this search process should probably be regarded as the golden
standard, at least in Sweden, for searching for OHCA data which have not
been reported to the SCAR.

What are the main differences in term of factors at resuscitation between
regions in Sweden?

In one of the studies (II), there was a higher overall frequency of CPR prior
to the arrival of the EMS in less populated counties compared with urban
areas. This should imply a greater chance of survival. Further, the longer
EMS response time in rural areas is another important resuscitation factor. If
the EMS response time is longer, survival is lower, due to the delay in
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administrating advanced CPR. This means that counties with a low
population density should have a poorer chance of survival. There is no
knowledge about whether there is an association between the EMS response
time and the prevalence of CPR prior to the EMS arriving on the scene. The
organisation of the EMS system in Sweden varies between counties. Most of
the EMS systems are controlled by county councils, while a few EMS
systems are controlled by private companies. All EMS systems have an
obligation to follow treatment guidelines drawn up by a Swedish association
working group (78). Adherence to guidelines is poorly controlled in Sweden.
It is therefore not known whether the treatments are equal in all counties.
Based on this knowledge, is the opportunity for equal health care impossible?
According to the National Board of Health and Welfare, there is a vision that
equitable care should be available to all the inhabitants in Sweden (25).
However, with information based on these studies, there is no opportunity to
draw conclusions in this area.

If an OHCA occurs near a hospital in Sweden, the EMS crew is more likely
to deliver a patient with ongoing CPR to the emergency department staff than
it is if the OHCA occurs further a way from hospital. However, there might
be some differences between counties when it comes to deciding when the
ongoing treatment of OHCA should be withheld. On the other side, previous
research has shown that a too early decision to initiate the transport of the
OHCA might contribute to a poorer quality in the CPR (117). In principle, it
might be more convenient to deliver the patient to the emergency department
and hand over the responsibility for continuing or not continuing CPR to a
physician.

Finally, the hospitals in Sweden have different post resuscitation care
alternatives. For example, some hospitals do not have facilities for coronary
angiography. It has been suggested that both therapeutic hypothermia and
PCI could be vital actions for obtaining higher survival (69). In some
Swedish hospitals it is not possible to obtain this kind of health care.

Why is there a continuous increase in CPR prior to EMS arrival in
Sweden?

For the past 20 years, there has been an ongoing increase in CPR prior to
EMS arrival in Sweden (60). Since training in CPR in the community was
started, the number of citizens educated in CPR has increased. The education
programme in CPR has probably become easier to assimilate due to a shorter
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training time and it is therefore more practical to implement for both
medically educated persons and lay people. Improved reporting to the SCAR
might be another contributory factor, but the CPR training register is also a
potential contributor. The CPR training register can show the annual number
of rescuers educated in both CPR and the more specific parts of CPR, such as
advanced CPR, child CPR and so on, and it could therefore act as a kind of
feedback system for the people who are educated in CPR.

Another mechanism behind the increase in CPR prior to EMS arrival might
have something to do with information to society. Today, it is more common
for private companies to offer services such as education in CPR and how to
handle an automated external defibrillator (AED), regardless of whether
people are medically educated or are lay persons, compared with a few years
ago (118).

In some of the regions in Sweden, the fire brigade and sometimes even the
police are dispatched simultaneously with the EMS. They often arrive on the
scene before the EMS and can then start CPR (61).

In recent years, the organisation of the Swedish Heart-Lung Foundation, has
invested in this research area by providing information about OHCA to both
the public and health care providers. In collaboration with cardiac arrest
research leaders in Sweden, the foundation has initiated several projects with
the aim of increasing the activity in the community in terms of an early start
of CPR (61).

Another aspect of increasing CPR prior to EMS arrival could be a person’s
attitude to initiating CPR. In a previous study, young people aged 16-19 were
motivated to perform bystander CPR (119). This is in accordance with
another study that presents willingness to perform CPR on a wife/husband
with heart conditions (120). In another study, bystanders were more willing
to perform CPR in rural areas than urban areas (121). Furthermore, there is a
recommendation on how to reduce barriers and thereby increasing people’s
willingness to perform CPR (122, 123).

What should be the ultimate goal for bystander action in bystander-
witnessed OHCA?

There is always a race against time in an OHCA situation, where each minute
is of the utmost importance. So the optimal situation when a bystander
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witnesses an OHCA is to call the dispatch centre, after which CPR is initiated
by the witness before the EMS arrival and at best within the first two minutes
after collapse (62, 89) (104, 106, 123, 124). In addition to this the presence of
an AED is of major importance for further increasing the chance of survival
(61-63, 125-127). Today, it is more common to find AEDs or a Public Access
Defibrillator (PAD) in public locations and it is easier for everyone to use
them while waiting for the EMS (128). Another vital aim is that every
potential rescuer in CPR should have a quality indicator device on hand in
order to acquire knowledge about the quality of the CPR (100). This has not
yet been put into practice.

At present, the Swedish AED registry has been initiated with the aim of
providing information about where to find a PAD when an OHCA occurs.
The Swedish AED registry is based on voluntary participation, providing
PAD:s in both private and public environments. In the future, the alarm centre
in Sweden could be a part of this register, and could co-operate and localise
an AED for a caller when a PAD is needed (129).

Which were the main reasons why an association between population
density and survival after OHCA not was found?

In general, the interregional variability in terms of various items in the
register was minor. It is difficult to find obvious reasons for the lack of
association between population density and survival. Perhaps the variables
that differed significantly between regions counteracted each other. It has
been indicated that the survival in mid-size cities had the best response times
and survival rates (130, 131). The distribution of the population varies in
Sweden and a more urban population is found in the largest cities and also
along the west and east coast of the country. The inland counties are more
sparsely populated. One hypothesis was that survival would be lower in the
less populated areas due to limited health care resources. This hypothesis was
not confirmed.

In one of the studies (II), the distribution of two factors favored survival in
less populated areas, since both CPR prior to the arrival of the EMS and a
cardiac aetiology were more frequent in these areas. On the other hand, the
longer EMS response time in these areas probably acted as a counteracting
factor. This has also been determined in an earlier study (132).
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It may also be that factors that are not recorded in the SCAR influence the
results.

Why was survival higher and bystander CPR lower among patients who
were not prospectively reported to the register?

The most striking finding in one of the studies was that there was higher
survival among the retrospectively reported OHCAs (III). Due to the data
collection and the information flow, it was discovered that the higher survival
could be explained by OHCA patients who were defibrillated by the EMS
crew. This is in agreement with a previous study (40). It is only possible to
speculate about why these patients were not prospectively reported to the
SCAR. On many occasions, these cases are uncomplicated and may not be
regarded as genuine cardiac arrests by the EMS crew. With this information,
it became obvious that no bystander CPR was involved, as these cases were
crew witnessed and the EMS crew therefore initiated CPR.

The explanation of why the proportion of bystander CPR was lower despite
higher survival could be that the OHCA in these cases was witnessed and
treated by the EMS crew and, as a result there was no role for the bystanders.

This is the first time in Sweden that regional population density has been
related to survival after OHCA. Since the reporting to the SCAR has varied
between counties, it is recommended that some caution should be shown
before drawing any firm conclusion. There is a risk of bias and these data
need to be confirmed in further studies.

What were the main reasons for the increase in survival over time in
Sweden?

The results indicate an improvement in all four links in the chain of survival
and this is most probably the most important mechanism behind the increase
in survival that was found. This is in agreement with previous reports (58,
133, 134).

Today in Sweden there is a shorter time between collapsing and calling for

the EMS than there was 20 years ago. The first link is most probably a major
determinant of outcome after OHCA (59). The second link highlights the
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early start of CPR. It is of the utmost importance that CPR is initiated as early
as possible and, if necessary, this includes defibrillation (60, 61, 77, 135).
Without the immediate start of CPR, the chance of surviving falls
dramatically (60). Further, the rapid ways of defibrillating by bystanders
and/or the EMS crew will help to increase survival (40).

However, one negative experience is the increase in the EMS response time
throughout Sweden. At present, it is not know why the EMS response time is
increasing. It is only possible to speculate that the contributory factors are an
increase in traffic density, regardless of whether urban or rural areas are
involved, different ways of organising the use of the EMS vehicles, limited
EMS resources, the way the EMS is dispatched and so on. This has been
discussed in another study (136). The link which probably affected survival
the most is the fourth i.e. post-resuscitation care.

In this study, data on post-resuscitation care have only been available since
2008. Based on previous studies, therapeutic hypothermia and PCI are
currently routine in-hospital treatments in defined subsets of patients in
hospitals which have the capacity to offer treatments of this kind (68-70, 137,
138). However, from a national perspective there are limitations with regard
to the speed with which patients can be offered therapeutic hypothermia and
PCI. In many counties, there is only one hospital that is able to offer such
treatment. However, in more urban counties like Stockholm, Vistra Gotaland
and Skane, there is more than one hospital that is able to offer these
treatments.

Finally, it is important to highlight the fact that the increase in reporting to
the SCAR is still ongoing. From a theoretical point of view this might
influence survival to some extent.

Why is it a variation in survival between the counties?

There is variability in survival between the counties. The variability in
survival might depend on inadequate reporting to the SCAR resulting in
inadequate data on survival.

However, there are other aspects that might contribute to the variability in
survival. Whether the OHCA was witnessed or non-witnessed might be a
crucial factor for survival, according to previous research (94, 139). In one of
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the studies (II), no variation was found in the witnessed status, regardless of
whether the witness was a bystander or the EMS crew.

Bystander CPR is important when it comes to increasing survival (135).
There was a difference between counties in the proportion of patients who
received bystander CPR and this might affect survival. It was found that
patients with OHCA in areas with a low population received more bystander
CPR than those in urban areas (II). This might result in a higher survival in
the sparsely populated counties.

There are two further factors that might affect survival - first, if the delay
from collapse to the arrival of the EMS was short and, second, if the initial
rhythm was shockable (140, 141). It was found that, with a decreasing
population density, there was an increase in the response time taken by the
EMS to reach the patient. This might result in delayed post-resuscitation care
by the EMS. In these situations, bystanders and possibly a PAD have an
important role to play in initiating treatment before EMS arrival (61).

Further, it was found that survivors after OHCA were not reported to the
SCAR. Some of these cases had occurred at a health centre. These patients
are initially treated by the health-centre staff. When an OHCA occurs at a
health-centre, the EMS crew is dispatched with the primary aim of delivering
the patient to the nearest hospital for post resuscitation care and, for this
reason, the EMS crew is responsible for reporting the OHCA to the SCAR. In
some cases, this was forgotten and this might therefore be an additional
reason for a variation in survival between counties.

In addition, in the most populated Swedish county, Stockholm, data is
available (not yet published) from the time period 2004 and from 2007 to
2009 about the survival regarding the OHCAs in the inner city. The data
showed that the survival was 25% versus 15%, in the remaining county
(Stockholm). It was also shown that the delay time from collapse to the
arrival of the EMS was shorter (three minutes) in the inner city than the
remaining county. However, when comparing the survival, the county of
Stockholm to the rest of Sweden over time (from 1992 to 2011) the data
showed that the survival was similar to each other (Figure 11).
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Stockholm in relation to the rest of Sweden
Survival to one month
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Figure 11. The proportion of survival of reported out-of-hospital cardiac arrest, the
county of Stockholm in relation to Sweden from 1992 to 201 1.

Is the CPC score an adequate reflection of cerebral function among
survivors of OHCA?

Due to the short data collection period, there is a limited opportunity to draw
conclusions about whether the CPC score is good enough to determine
cerebral function. Based on one previous study and also according to the
CPR guidelines there are recommendations that the CPC score should be
used to determine cerebral function after a cardiac arrest, regardless of
whether the OHCA occurred outside hospital or in hospital (142, 143). The
question of whether the CPC score is compatible with activities of daily
living or with other expressions of quality-of-life-assessment has been the
subject of debate (144, 145). At present, it can only be estimated that about
90% of the survivors appear to have good or relatively good cerebral
function. Unfortunately, this does not provide information about whether the
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same proportion is able to manage the activities of daily living. However,
right now, work is ongoing in Sweden which aims to contact all OHCA
survivors and obtain information about various aspects of quality of life three
to six months after collapse. A larger amount of data has to be collected and
analysed before conclusions can be drawn about the cerebral function and
quality of life among survivors of OHCA (103).

Are the goals in terms of delay to treatment after OHCA realistic?

The question of whether or not the goals in terms of delay to treatment can be
realised is a difficult one. Firstly, the information on delays is often not very
precise. Sometimes, the information on delays is an overestimation and
sometimes it is an underestimation. With assistance from the EMS crew,
bystanders and Swedish society, these goals should be possible to realise, but
there will always be exceptional cases in which the goals cannot be realised.
There could be economic limitations and the Swedish counties could have
different views on and priorities for health care.

At present in Sweden, there are a large number of alarm operators who are
responsible for dispatching the EMS crews. This requires uniform guidelines,
on how to dispatch the EMS and make the terms equal for all Swedish
counties.

Ongoing research projects have determined the importance of where PADs
should be localized (61, 146). Previous studies recommended that PADs
should be placed in areas with frequent OHCAs (147) while others have
recommended the more general distribution of PADs (148). In order to
achieve a reduction in the delay to defibrillation, it is important to consider
where a PAD should be placed and/or how the first responder should act in
each county in Sweden to provide both CPR and defibrillation within a
reasonable time.

How should each of the goals be realised?

A previous study has highlighted the importance of minimising the delay
between collapsing and calling for the EMS (59). To implement this
reduction in delay, society, including both laypeople and medically educated
citizens, needs to obtain information about the importance of rapidly dialling
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112 to obtain professional help from the dispatcher as well as the EMS crew,
if an OHCA is suspected. Furthermore, it is also important to provide
ongoing mass education in CPR to people of all ages. For some time in
Sweden, the focus has been on educating school children and making it a
natural routine to have a knowledge of CPR (149). Other projects, such as
Mobile Lifesaver Service /Mobile Responders and SAMS (Saving More
Lives in Sweden) are currently helping to reduce the delay to calling for the
EMS, and starting CPR and defibrillation by calling nearby laypersons, the
fire brigade and the police to the scene (64). If more actions of this kind were
distributed throughout Sweden, it would probably be easier to realise the
previously mentioned objectives. These projects are particularly important
when it comes to rapid start of CPR and rapid defibrillation.

Which of the three goals will be most problematic to realise?

When an OHCA occurs, it is sometimes difficult to determine whether or not
there are signs of breathing. This could make it more difficult for the alarm
dispatcher to interpret the caller and decide whether or not an OHCA is
involved (150). As soon as possible after the dispatcher perceives that an
OHCA has occurred, it is essential to provide telephone CPR (151). This is a
critical moment for the dispatcher to determine whether or not CPR should be
initiated.

At present, the delay from collapse to defibrillation should be the most
critical goal to realise. This is because AEDs are not available everywhere
and it is therefore necessary to wait for the EMS. Furthermore the delay can
be affected due to the longer EMS response time.

Are there parts of Sweden in which the goals will be particularly difficult
to realise?

In one of the studies (V), only witnessed cases were included, but it has
previously also been reported that the majority of survivors are found among
witnessed OHCAs (94). It therefore depends on where the survivors have
been resuscitated. Perhaps some counties are more likely to have a higher
survival rate than others and therefore also a more efficient chain of survival.
There might be parts of Sweden that are unable to have rapid access to the
EMS and the early start of CPR and defibrillation due to inadequate
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guidelines within the county. These facilities might differ depending on
whether or not the population density is sparse. In one of the studies (II) it
has been shown that there is more bystander CPR in sparsely populated areas
than urban areas.

Is there an interaction between the three aspects of delay to treatment of
OHCA?

In many cases, the estimates of delay to; call, start of CPR and defibrillation
could theoretically influence each other. This means that there could be an
interaction between these three aspects of delay. In particular, the delay
between collapsing and calling for the EMS is often directly related to the
delay between collapse and defibrillation, if the patient is defibrillated by the
EMS crew. The connection between the delay to the start of CPR and the
other two is probably not as strong, as they reflect different things.

5.2 Methodological considerations

When reporting began to the CPR training register in 1983 and to the SCAR
in 1990, the reporting frequencies and qualities were relatively poor. The
CPR training register started to document data every year from 1989. It is not
known how the refresher courses in CPR have been measured and this may
therefore have led to the double documentation of some training, but it is also
important to remember that there are underestimates of the number of citizens
educated in CPR.

There are other organisations, such as the Swedish Civil Contingencies
Agency and the Swedish Life-Saving Society, which have educated rescuers
in CPR and also reported to the CPR training register. Furthermore, the
Swedish Red Cross and other private companies educate rescuers, but these
education courses are not reported to the CPR training register and this
therefore contributes to the underestimations of the number of rescuers in
CPR.

Since the start of reporting to the SCAR, the data quality has become more
accurate. This is due to web documentation instead of manual paper
documentation in the SCAR. Web registration began in 2008. Before the
web-based version became operational, the reporting was done manually
from each county and then sent to an evaluation centre in Gothenburg, after
which this information was entered into a central database by a single
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individual. There was sometimes a delay of up to six months between
collapse and reporting the case.

One important weakness that needs to be discussed is the validity of the
variables which have been reported. A small sample has been analysed with
the aim of comparing whether the variables have been documented in a
similar way both in the EMS medical records and in the SCAR. The analyses
revealed that the register data were sometimes more complete than the source
data (unpublished data).

In Paper 111, it was discovered that there was large variability in the reported
OHCA incidence between regions in Sweden. This was interpreted as being
caused, at least to some extent, by reported cases being missed. The
information about the missing reports to the SCAR initiated an information
campaign to all Swedish EMS systems, about the importance of reporting to
the SCAR and how to do this in the appropriate way.

It is possible to argue about the validity of comparing population density and
OHCA incidence. When conclusions were drawn from the data, it became
obvious that there are differences in the distribution of the population within
a county. Therefore the municipalities were also compared in order to obtain
an even more realistic picture of the distribution of the population in relation
to characteristics and outcome after OHCA. However, even from a
municipality perspective, there is variability in terms of reporting and
distribution of the population and therefore a risk of bias in interpretation and
conclusions.

Furthermore, in Paper IV, the sample was based on three counties in Sweden
and this is probably not representative of the entire country. The retrospective
data recordings are mostly limited due to more missing information and
inaccuracy in the measurements. The methods for data search differed in the
three regions.

As this was the first time this type of method had been used to find OHCAs
which were not reported to the register, it is difficult to identify the strengths
and weaknesses.

Finally, the calculations in Paper V were only based on witnessed OHCA

cases. It should be remembered that there are still a number of OHCA cases
which were not included in the analyses.
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The weak point in these analyses is that the confounders were not taken into
consideration. The strong association that was found between delay to
treatment and survival might, for example, be influenced by co-morbidity.
There could be several reasons why patients in whom treatment was started at
a later stage could have more severe co-morbidity which could partly explain
their poorer outcome. It has therefore not been definitely proven that a certain
reduction in delay will necessarily increase survival as calculated.

5.3 Ethical considerations

Some patients might raise hesitations to have personal data reported to a
register. In the SCAR the social security number and age are documented but
never exposed in a result as an individual. One might argue whether it is
unethical to report personal information to a register about dead patients
without permission by relatives. The relative or other acquaintance has never
been contacted to be informed about the documentation in the register.

It is different with the survivors. A project will start all over Sweden within
the next few weeks to estimate the quality of life of all survivors in SCAR.
Simultaneously, survivors will be informed about the register and that some
of their own data are included there.

In principle, patients who are hospitalised in Sweden, receive general
information about their inclusion in various quality registers. From an ethical
perspective it can be both an advantage and a disadvantage to be informed
about ones participation in a quality register. A few patients are not aware of
having had a cardiac arrest.
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6 CONCLUSION

e Using the cascade principle for CPR education, almost two
million rescuers were educated in Sweden from 1983 to
2007. This has resulted in an increase in CPR attempts prior
to EMS arrival.

e There was no significant association between population
density and survival to one month after OHCA or the
incidence of OHCA. However, bystander CPR, cardiac
etiology and a longer response time were more frequent in
less populated areas.

o Of 3,198 cases of OHCA in three counties in Sweden, 800
(25%) were not reported prospectively by the EMS crews
but were reported retrospectively when identified as missing
cases. Patients who were reported retrospectively differed
from prospectively reported cases by being older, less
frequently receiving CPR prior to EMS arrival but having a
higher survival rate. Our data suggest that OHCA reports
from quality registers which are based on prospectively
recorded data may be influenced by selection bias.

e From a long-term perspective, survival after OHCA in
Sweden more than doubled. The increase in survival was
most marked among patients found in a shockable rhythm
and those brought alive to a hospital ward. There were
improvements in all four links of the chain of survival,
which might explain the improved outcome.

e Based on findings related to the delay to calling for the EMS
and the start of CPR and defibrillation, it was speculated that
300-400 additional lives (four per 100,000 inhabitants and
year) might be saved after OHCA in Sweden in the future if
delays were appropriately reduced.

To summarise, there has been an impressive development in the treatment of
patients suffering from OHCAs in Sweden during the last 30 years.
Improvements in various links of the chain of survival have resulted in about
500 lives being saved each year in Sweden after OHCA. It suggests that this

63



Cardiopulmonary resuscitation in Sweden — yesterday, today and tomorrow

figure will increase markedly if delay to the start of treatment can be reduced
still further.
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7 FUTURE PERSPECTIVES

In this thesis it has been focused on the incidence and outcome of the OHCASs
and the usage of register data, the SCAR.

In the future, there will be more research reports about the incidence and
outcome of the OHCAs in Sweden. Therefore, a critical factor will be the
ongoing reporting of OHCAs to the SCAR. During the time when the thesis
was written both EMS crew and specifically trained individuals had reported
OHCAs data to the SCAR. In the future, the EMS crew had to increase their
ability to report prospectively to the SCAR. To encourage the EMS crew to
report, it will be of importance to give feedback about the final outcome and
their efforts. This can be accomplished by providing each EMS system with
specifically selected data from the SCAR.

Another aspect is to investigate in the validation of register data versus the
source data. Are the register data adequately reflecting the source data? In the
near future, it will be started, to systematically monitor various EMS systems
and evaluate the validity of their register data on OHCAs.

Further on, it is important to shorten the delay — the start of treatment. A
better way has to be found, to decrease the delay from the collapse to call —
CPR/defibrillation — the arrival of the EMS. At present, there are various
projects ongoing in Sweden with its focus to involve the society with the
ultimate aim to reduce the delay, in connection with OHCAs. In the future, it
is also important to implement positive research results from single counties
to all of Sweden with the ambition to achieve equal health care for all
patients suffering from OHCAs regardless of where in Sweden you live.

65



Cardiopulmonary resuscitation in Sweden — yesterday, today and tomorrow

ACKNOWLEDGEMENT

Efter ett antal &rs kliniskt arbete som anestesisjukskoterska i kombination
med undervisning inom hdgskolevérlden blev det ett naturligt val for mig att
ge mig in i en forskarutbildning. Forskarutbildningen har bidragit till att
kontinuerligt reflektera, begrunda och kritiskt granska séval mitt kliniska
arbete inom sjukvarden som mitt teoretiska arbete inom hogskola/universitet.

Jag vill tacka alla som varit delaktiga och framforallt rikta ett sirskilt tack till:

Johan Herlitz, min huvudhandledare. Tack for allt du bidragit med, sé att jag
fick mojlighet att genomfora min forskarutbildning och med detta blivit en
registerbeundrare. Tack for alla trevliga stunder, alla boktips och alla dess
diskussioner vi haft.

Leif Svensson, min bihandledare. Tack for din breda sakkunnighet du har
bidragit med till samtliga artiklar och avhandling samt alla positiva
kommentarer jag fatt av dig.

Asa Axelsson, min bihandledare. Tack for dina bidrag av din gedigna
erfarenhet inom hjartlungraddning och din klokhet.

Katarina Goransson, min bihandledare. Tack for att du fick mig att ta steget
till en forskarutbildning samt alla kloka kommentarer i samband med

artikelskrivandet.

Jonny Lindgvist och Thomas Karlsson, som hjélpt mig med data och statistik
samt givande diskussioner om registret.

Christer Svensson, som varit mig tekniskt behjélplig vad géller registret och
givande diskussioner kring detta.

Birgitta Franzén, som varit mig administrativt behjélplig samt bidragit med
ett flertal givande diskussioner.

Stig Holmberg, som savil muntligen som skriftligt delat med sig av sin
erfarenhet av hjartlungraddning.

Christer Axelsson, som delat med sig av sin prehospitala erfarenhet gillande
hjartstoppsforskning samt alla glada tillrop som ror var profession.

66



Gunnel Kanbrant, som forsett mig med data till min forskning, hjilpt mig
med andra praktiska ting samt din sakkunnighet.

Jeanette Kliger, som sprakgranskat mina artiklar samt kappa.

Ambulanssjukvarden i Sverige, som bidragit till att vara delaktiga i registrets
verksambhet.

Ake Centervirn, Bengt Eriksson, Fredrik Forselius och Mats Hellstrom,
ambulanssjukvarden i Dalarna, som underldttat mitt forskningsarbete i
Dalarna.

Stina Jeffner och Jan Sandberg, som bidragit till att jag har haft en plats pa
hogskolan i Falun och kunna bedriva min forskning samt den uppmuntran jag
fatt.

Anna Ehrenberg, som gjort att det funnits mdjlighet att f4 presentera min
forskning med olika perspektiv.

Kollegor i dmnet medicinsk vetenskap, hégskolan Dalarna, som varit och &r
engagerade i undervisning om hjértlungraddning och att ni finns som béde
stod och kamrater.

Ovriga kollegor (hégskolan Dalarna) som varit delaktiga vid seminarier i
samband med min forskning.

Min mamma Agneta, pappa Bernt och mina svérforildrar Karin och Stig som
passat barn, tagit hand om alla husdjur, var huvudansvariga vid barnens
julmarknad pa skolan, skjutsat till alla barnens aktiviteter med mera.

Mina syskon, Jonas, Sofia och Tobias och deras familjer samt min mans
syster Maria med familj som varit delaktiga sa att vardagen fungerat.

Marie K-A, Malin T, Elisa J, Elisabeth N, Linda V, Britta W-L, Lena S,
Carolina L, Ann-Louice J, Zenja E, Louise H - vininnor som emellanat ser

till att vardagen blir till festligheter.

Lena och Sverker S, Malin och Patrik T- vanner, som forgyller vardagen med
aktiviteter och skratt.

Malin T, Carolina och Anders L, som hjélpt mig med korrekturlédsning.

67



Cardiopulmonary resuscitation in Sweden — yesterday, today and tomorrow

Micke, Axel, Alma och Sara - min familj som dr med vare sig de vill eller
inte. Micke, som varit min privata larare i mangt och mycket. Tack for att ni
finns!

Financial support was provided by The Swedish Association of Local
Authorities and Regions and the Laerdal Foundation.

The Swedish Heart-Lung Foundation has stimulated research in out-of-
hospital cardiac arrest problems during recent years — thank you.

68



69



Cardiopulmonary resuscitation in Sweden — yesterday, today and tomorrow

REFERENCES

1. Jacobs I, Nadkarni V, Bahr J, Berg RA, Billi JE, Bossaert L, et
al. Cardiac arrest and cardiopulmonary resuscitation outcome reports: update
and simplification of the Utstein templates for resuscitation registries: a
statement for healthcare professionals from a task force of the International
Liaison Committee on Resuscitation (American Heart Association, European
Resuscitation Council, Australian Resuscitation Council, New Zealand
Resuscitation Council, Heart and Stroke Foundation of Canada,
InterAmerican Heart Foundation, Resuscitation Councils of Southern Africa).
Circulation. 2004;110(21):3385-97.

2. Jacobs I, Nadkarni V, Bahr J, Berg RA, Billi JE, Bossaert L, et
al. Cardiac arrest and cardiopulmonary resuscitation outcome reports: update
and simplification of the Utstein templates for resuscitation registries.: A
statement for healthcare professionals from a task force of the international
liaison committee on resuscitation (American Heart Association, European
Resuscitation Council, Australian Resuscitation Council, New Zealand
Resuscitation Council, Heart and Stroke Foundation of Canada,
InterAmerican Heart Foundation, Resuscitation Council of Southern Africa).
Resuscitation. 2004;63(3):233-49.

3. Goldstein S. The necessity of a uniform definition of sudden
coronary death: Witnessed death within 1 hour of the onset of acute
symptoms. American Heart Journal. 1982;103(1):156-9.

4, Roberts WC. Sudden cardiac death: Definitions and causes.
The American Journal of Cardiology. 1986;57(15):1410-3.

5. Engdahl J, Holmberg M, Karlson BW, Luepker R, Herlitz J.
The epidemiology of out-of-hospital 'sudden' cardiac arrest. Resuscitation.
2002;52(3):235-45.

6. Myerburg RJ. Sudden cardiac death: epidemiology, causes,
and mechanisms. Cardiology. 1987;74 Suppl 2:2-9.

7. The Swedish Resuscitation Council [Updated 2013 Apr 16;
Cited 2013 Apr 16]. Available from: http://hlr.nu/riktlinjer-2006

70



8. Myerburg RJ, Kessler KM, Castellanos A. Sudden cardiac
death: epidemiology, transient risk, and intervention assessment. Annals of
internal medicine. 1993;119(12):1187-97.

9. Wennerblom B, Holmberg S. Death outside hospital with
special reference to heart disease. European heart journal. 1984;5(4):266-74.

10. Engdahl J, Axelsson A, Bang A, Karlson BW, Herlitz J. The
epidemiology of cardiac arrest in children and young adults. Resuscitation.
2003;58(2):131-8.

11. Thomas AC, Knapman PA, Krikler DM, Davies MJ.
Community study of the causes of "natural" sudden death. BMJ (Clinical
research ed). 1988;297(6661):1453-6.

12. Kuisma M, Alaspaa A. Out-of-hospital cardiac arrests of non-
cardiac origin. Epidemiology and outcome. European heart journal.
1997;18(7):1122-8.

13. Zipes DP, Wellens HJ. Sudden cardiac death. Circulation.
1998;98(21):2334-51.

14. Engdahl J, Bang A, Karlson BW, Lindqvist J, Herlitz J.
Characteristics and outcome among patients suffering from out of hospital
cardiac arrest of non-cardiac aetiology. Resuscitation. 2003;57(1):33-41.

15. Herlitz J, Svensson L, Engdahl J, Gelberg J, Silfverstolpe J,
Wisten A, et al. Characteristics of cardiac arrest and resuscitation by age
group: an analysis from the Swedish Cardiac Arrest Registry. The American
journal of emergency medicine. 2007;25(9):1025-31.

16. Perers E, Abrahamsson P, Bang A, Engdahl J, Lindqvist J,
Karlson BW, et al. There 1s a difference in characteristics and outcome
between women and men who suffer out of hospital cardiac arrest.
Resuscitation. 1999;40(3):133-40.

17. Herlitz J, Engdahl J, Svensson L, Young M, Angquist KA,

Holmberg S. Characteristics and outcome among children suffering from out
of hospital cardiac arrest in Sweden. Resuscitation. 2005;64(1):37-40.

71



Cardiopulmonary resuscitation in Sweden — yesterday, today and tomorrow

18. Herlitz J, Eek M, Engdahl J, Holmberg M, Holmberg S.
Factors at resuscitation and outcome among patients suffering from out of
hospital cardiac arrest in relation to age. Resuscitation. 2003;58(3):309-17.

19. Kim C, Fahrenbruch CE, Cobb LA, Eisenberg MS. Out-of-
hospital cardiac arrest in men and women. Circulation. 2001;104(22):2699-
703.

20. Herlitz J, Engdahl J, Svensson L, Young M, Angquist KA,
Holmberg S. Is female sex associated with increased survival after out-of-
hospital cardiac arrest? Resuscitation. 2004;60(2):197-203.

21. Adielsson A, Hollenberg J, Karlsson T, Lindqvist J, Lundin S,
Silfverstolpe J, et al. Increase in survival and bystander CPR in out-of-
hospital shockable arrhythmia: bystander CPR and female gender are
predictors of improved outcome. Experiences from Sweden in an 18-year
perspective. Heart (British Cardiac Society). 2011;97(17):1391-6.

22. Rea TD, Eisenberg MS, Sinibaldi G, White RD. Incidence of
EMS-treated out-of-hospital cardiac arrest in the United States. Resuscitation.
2004;63(1):17-24.

23. Salomaa V, Ketonen M, Koukkunen H, Immonen-Raiha P,
Jerkkola T, Karja-Koskenkari P, et al. Decline in out-of-hospital coronary
heart disease deaths has contributed the main part to the overall decline in
coronary heart disease mortality rates among persons 35 to 64 years of age in
Finland: the FINAMI study. Circulation. 2003;108(6):691-6.

24, Zheng ZJ, Croft JB, Giles WH, Mensah GA. Sudden cardiac
death in the United States, 1989 to 1998. Circulation. 2001;104(18):2158-63.

25. The National Board of Health and Welfare [homepage on the
Internet]. Sweden. [Updated 2013 Apr 16; Cited 2013 Apr 16]. Available
from: http://www.socialstyrelsen.se/publikationer2009/2009-126-93

26. Davies MJ. Anatomic features in victims of sudden coronary
death. Coronary artery pathology. Circulation. 1992;85(1 Suppl):119-24.

27. Atwood C, Eisenberg MS, Herlitz J, Rea TD. Incidence of
EMS-treated out-of-hospital cardiac arrest in FEurope. Resuscitation.
2005;67(1):75-80.

72



28. Nichol G, Thomas E, Callaway CW, Hedges J, Powell JL,
Aufderheide TP, et al. Regional variation in out-of-hospital cardiac arrest
incidence and outcome. JAMA : the journal of the American Medical
Association. 2008;300(12):1423-31.

29. Berdowski J, Berg RA, Tijssen JGP, Koster RW. Global
incidences of out-of-hospital cardiac arrest and survival rates: Systematic
review of 67 prospective studies. Resuscitation. 2010;81(11):1479-87.

30. Zive D, Koprowicz K, Schmidt T, Stiell I, Sears G, Van
Ottingham L, et al. Variation in out-of-hospital cardiac arrest resuscitation
and transport practices in the Resuscitation Outcomes Consortium: ROC
Epistry-Cardiac Arrest. Resuscitation. 2011;82(3):277-84.

31. Chugh SS, Jui J, Gunson K, Stecker EC, John BT, Thompson
B, et al. Current burden of sudden cardiac death: Multiple source surveillance
versus retrospective death certificate-based review in a large U.S.
community. Journal of the American College of Cardiology.
2004;44(6):1268-75.

32. Grisner JT, Herlitz J, Koster RW, Rosell-Ortiz F, Stamatakis
L, Bossaert L. Quality management in resuscitation — Towards a European
Cardiac Arrest Registry (EuReCa). Resuscitation. 2011;82(8):989-94.

33. Berdowski J, Berg RA, Tijssen JG, Koster RW. Global
incidences of out-of-hospital cardiac arrest and survival rates: Systematic
review of 67 prospective studies. Resuscitation. 2010;81(11):1479-87.

34, Fredriksson M, Herlitz J, Nichol G. Variation in outcome in
studies of out-of-hospital cardiac arrest: a review of studies conforming to the
utstein guidelines. The American journal of emergency medicine.
2003;21(4):276-81.

35. Herlitz J, Engdahl J, Svensson L, Young M, Angquist KA,
Holmberg S. Changes in demographic factors and mortality after out-of-
hospital cardiac arrest in Sweden. Coron Artery Dis. 2005;16(1):51-7.

36. Herlitz J, Bahr J, Fischer M, Kuisma M, Lexow K,

Thorgeirsson G. Resuscitation in Europe: a tale of five European regions.
Resuscitation. 1999;41(2):121-31.

73



Cardiopulmonary resuscitation in Sweden — yesterday, today and tomorrow

37. Eisenberg MS, Psaty BM. Defining and improving survival
rates from cardiac arrest in US communities. JAMA : the journal of the
American Medical Association. 2009;301(8):860-2.

38. Abrams HC, Moyer PH, Dyer KS. A model of survival from
out-of-hospital cardiac arrest using the Boston EMS arrest registry.
Resuscitation. 2011;82(8):999-1003.

39. Fredriksson M, Herlitz J, Engdahl J. Nineteen years'
experience of out-of-hospital cardiac arrest in Gothenburg--reported in
Utstein style. Resuscitation. 2003;58(1):37-47.

40. Hollenberg J, Herlitz J, Lindqvist J, Riva G, Bohm K,
Rosenqvist M, et al. Improved survival after out-of-hospital cardiac arrest is
associated with an increase in proportion of emergency crew--witnessed
cases and bystander cardiopulmonary resuscitation. Circulation.
2008;118(4):389-96.

41. Lindner TW, Soreide E, Nilsen OB, Torunn MW, Lossius
HM. Good outcome in every fourth resuscitation attempt is achievable--an
Utstein template report from the Stavanger region. Resuscitation.
2011;82(12):1508-13.

42. Axelsson C, Claesson A, Engdahl J, Herlitz J, Hollenberg J,
Lindqvist J, et al. Outcome after out-of-hospital cardiac arrest witnessed by
EMS: Changes over time and factors of importance for outcome in Sweden.
Resuscitation.2012.0ct;83(10):1253-8.

43. Cummins RO, Ornato JP, Thies WH, Pepe PE. Improving
survival from sudden cardiac arrest: the "chain of survival" concept. A
statement for health professionals from the Advanced Cardiac Life Support
Subcommittee and the Emergency Cardiac Care Committee, American Heart
Association. Circulation. 1991;83(5):1832-47.

44. Guidelines for cardiopulmonary resuscitation and emergency
cardiac care. Emergency Cardiac Care Committee and Subcommittees,
American Heart Association. Part III. Adult advanced cardiac life support.
JAMA : the journal of the American Medical Association.
1992;268(16):2199-241.

45. Bossaert L, Handley A, Marsden A, Arntz R, Chamberlain D,
Ekstrom L, et al. European Resuscitation Council guidelines for the use of

74



automated external defibrillators by EMS providers and first responders: A
statement from the Early Defibrillation Task Force, with contributions from
the Working Groups on Basic and Advanced Life Support, and approved by
the Executive Committee. Resuscitation. 1998;37(2):91-4.

46. Cooper JA, Cooper JD, Cooper JM. Cardiopulmonary
resuscitation: history, current practice, and future direction. Circulation.
2006;114(25):2839-49.

47. Weisfeldt ML, Kerber RE, McGoldrick RP, Moss AJ, Nichol
G, Ornato JP, et al. Public access defibrillation. A statement for healthcare
professionals from the American Heart Association Task Force on Automatic
External Defibrillation. Circulation. 1995;92(9):2763.

48. Guidelines for cardiopulmonary resuscitation and emergency
cardiac care. Emergency Cardiac Care Committee and Subcommittees,
American Heart Association. Part I. Introduction. JAMA : the journal of the
American Medical Association. 1992;268(16):2171-83.

49. Guidelines for cardiopulmonary resuscitation and emergency
cardiac care. Emergency Cardiac Care Committee and Subcommittees,
American Heart Association. Part II. Adult basic life support. JAMA : the
journal of the American Medical Association. 1992;268(16):2184-98.

50. Cummins RO, Chamberlain DA, Abramson NS, Allen M,
Baskett PJ, Becker L, et al. Recommended guidelines for uniform reporting
of data from out-of-hospital cardiac arrest: the Utstein Style. A statement for
health professionals from a task force of the American Heart Association, the
European Resuscitation Council, the Heart and Stroke Foundation of Canada,
and the Australian Resuscitation Council. Circulation. 1991;84(2):960-75.

51. Pantridge JF, Geddes JS. A mobile intensive-care unit in the
management of myocardial infarction. Lancet. 1967;2(7510):271-3.

52. Cobb LA. Pre-hospital coronary care: the role of a rapid
response mobile intensive-coronary care system. Singapore medical journal.

1973;14(3):451.

53. Herlitz J. Resuscitation Great. Stig Holmberg--a visionary
giant in cardiopulmonary resuscitation. Resuscitation. 2006;68(1):5-7.

75



Cardiopulmonary resuscitation in Sweden — yesterday, today and tomorrow

54. Berg RA, Hemphill R, Abella BS, Aufderheide TP, Cave DM,
Hazinski MF, et al. Part 5: adult basic life support: 2010 American Heart
Association Guidelines for Cardiopulmonary Resuscitation and Emergency
Cardiovascular Care. Circulation. 2010;122(18 Suppl 3):S685-705.

55. Nolan JP, Soar J, Zideman DA, Biarent D, Bossaert LL,
Deakin C, et al. European Resuscitation Council Guidelines for Resuscitation
2010 Section 1. Executive summary. Resuscitation. 2010;81(10):1219-76.

56. 2005 International Consensus on Cardiopulmonary
Resuscitation and Emergency Cardiovascular Care Science with Treatment
Recommendations. Part 2: Adult basic life support. Resuscitation. 2005;67(2-
3):187-201.

57. 2005 International Consensus on  Cardiopulmonary
Resuscitation and Emergency Cardiovascular Care Science with Treatment
Recommendations. Part 3: defibrillation. Resuscitation. 2005;67(2-3):203-11.

58. Rea TD, Crouthamel M, Eisenberg MS, Becker LJ, Lima AR.
Temporal patterns in long-term survival after resuscitation from out-of-
hospital cardiac arrest. Circulation. 2003;108(10):1196-201.

59. Herlitz J, Engdahl J, Svensson L, Young M, Angquist KA,
Holmberg S. A short delay from out of hospital cardiac arrest to call for
ambulance increases survival. European heart journal. 2003;24(19):1750-5.

60. Nordberg P, Hollenberg J, Herlitz J, Rosenqvist M, Svensson
L. Aspects on the increase in bystander CPR in Sweden and its association
with outcome. Resuscitation. 2009;80(3):329-33.

61. Hollenberg J, Riva G, Bohm K, Nordberg P, Larsen R, Herlitz
J, et al. Dual dispatch early defibrillation in out-of-hospital cardiac arrest: the
SALSA-pilot. European heart journal. 2009;30(14):1781-9.

62. Holmberg M, Holmberg S, Herlitz J. Incidence, duration and
survival of ventricular fibrillation in out-of-hospital cardiac arrest patients in
sweden. Resuscitation. 2000;44(1):7-17.

63. Hallstrom AP, Ornato JP, Weisfeldt M, Travers A,
Christenson J, McBurnie MA, et al. Public-access defibrillation and survival

after out-of-hospital cardiac arrest. The New England journal of medicine.
2004;351(7):637-46.

76



64. Ringh M, Fredman D, Nordberg P, Stark T, Hollenberg J.
Mobile phone technology identifies and recruits trained citizens to perform
CPR on out-of-hospital cardiac arrest victims prior to ambulance arrival.
Resuscitation. 2011;82(12):1514-8.

65. Valenzuela TD, Roe DJ, Nichol G, Clark LL, Spaite DW,
Hardman RG. Outcomes of rapid defibrillation by security officers after

cardiac arrest in casinos. The New England journal of medicine.
2000;343(17):1206-9.

66. Bernard SA, Gray TW, Buist MD, Jones BM, Silvester W,
Gutteridge G, et al. Treatment of comatose survivors of out-of-hospital
cardiac arrest with induced hypothermia. The New England journal of
medicine. 2002;346(8):557-63.

67. Mild therapeutic hypothermia to improve the neurologic
outcome after cardiac arrest. The New England journal of medicine.
2002;346(8):549-56.

68. Nielsen N, Friberg H, Gluud C, Herlitz J, Wetterslev J.
Hypothermia after cardiac arrest should be further evaluated—A systematic
review of randomised trials with meta-analysis and trial sequential analysis.
International Journal of Cardiology. 2011;151(3):333-41.

69. Sunde K, Pytte M, Jacobsen D, Mangschau A, Jensen LP,
Smedsrud C, et al. Implementation of a standardised treatment protocol for

post resuscitation care after out-of-hospital cardiac arrest. Resuscitation.
2007;73(1):29-39.

70. Larsen JM, Ravkilde J. Acute coronary angiography in
patients resuscitated from out-of-hospital cardiac arrest—A systematic
review and meta-analysis. Resuscitation. 2012;83(12):1427-33.

71. Every NR, Fahrenbruch CE, Hallstrom AP, Weaver WD,
Cobb LA. Influence of coronary bypass surgery on subsequent outcome of

patients resuscitated from out of hospital cardiac arrest. Journal of the
American College of Cardiology. 1992;19(7):1435-9.

72. Eisenburger P, Sterz F, Haugk M, Scheinecker W, Holzer M,

Koreny M, et al. Cardiac arrest in public locations--an independent predictor
for better outcome? Resuscitation. 2006;70(3):395-403.

77



Cardiopulmonary resuscitation in Sweden — yesterday, today and tomorrow

73. Herlitz J, Eek M, Holmberg M, Engdahl J, Holmberg S.
Characteristics and outcome among patients having out of hospital cardiac
arrest at home compared with elsewhere. Heart (British Cardiac Society).
2002;88(6):579-82.

74. Iwami T, Hiraide A, Nakanishi N, Hayashi Y, Nishiuchi T,
Uegjima T, et al. Outcome and characteristics of out-of-hospital cardiac arrest
according to location of arrest: A report from a large-scale, population-based
study in Osaka, Japan. Resuscitation. 2006;69(2):221-8.

75. Engdahl J, Herlitz J. Localization of out-of-hospital cardiac
arrest in  Goteborg 1994-2002 and implications for public access
defibrillation. Resuscitation. 2005;64(2):171-5.

76. de Vreede-Swagemakers JJ, Gorgels AP, Dubois-Arbouw WI,
van Ree JW, Daemen MJ, Houben LG, et al. Out-of-hospital cardiac arrest in
the 1990's: a population-based study in the Maastricht area on incidence,
characteristics and survival. Journal of the American College of Cardiology.

1997;30(6):1500-5.

77. Herlitz J, Bang A, Gunnarsson J, Engdahl J, Karlson BW,
Lindqvist J, et al. Factors associated with survival to hospital discharge
among patients hospitalised alive after out of hospital cardiac arrest: change

in outcome over 20 years in the community of Goteborg, Sweden. Heart
(British Cardiac Society). 2003;89(1):25-30.

78. The Federation of Leaders In Swedish Ambulance and
Emergency services. [homepage on the Internet]. Sweden. [Updated 2012 Jun
15; Cited 2013 Apr 16]. Available from:
http://www.flisa.nu/web/page.aspx?refid=18

79. The National Quality Registries [homepage on the Internet].
Sweden. [Updated 2013 Apr 11; Cited 2013 Apr 16]. Available from:
http://www.kvalitetsregister.se/om_kvalitetsregister/overenskommelse-
med-staten

80. The Swedish Resuscitation Council [homepage on the
Internet]. Sweden. [Updated 2013 Apr 16; Cited 2013 Apr 16]. Available
from: http://www.hlr.nu/start/forskning/hjartstopp-utanfor-sjukhus

81. Adolfsson ET, Rosenblad A. Reporting systems, reporting
rates and completeness of data reported from primary healthcare to a Swedish

78



quality register--the National Diabetes Register. International journal of
medical informatics. 2011;80(9):663-8.

82. Bakker Bart F. M. Estimating the validity of administrative
variables. Statistica Neerlandica. 2012;Feb(66):8-17.

83. Hostler D, Thomas EG, Emerson SS, Christenson J, Stiell IG,
Rittenberger JC, et al. Increased survival after EMS witnessed cardiac arrest.

Observations from the Resuscitation Outcomes Consortium (ROC) Epistry—
Cardiac arrest. Resuscitation. 2010;81(7):826-30.

84. McNally B, Stokes A, Crouch A, Kellerman AL. CARES:
Cardiac Arrest Registry to Enhance Survival. Ann Emerg Med. 2009;54:674-
683.

85. Fridman M, Barnes V, Whyman A, Currell A, Bernard S,
Walker T, et al. A model of survival following pre-hospital cardiac arrest

based on the Victorian Ambulance Cardiac Arrest Register. Resuscitation.
2007;75(2):311-22.

86. Nichol G, Steen P, Herlitz J, Morrison LJ, Jacobs I, Ornato JP,
et al. International Resuscitation Network Registry: design, rationale and
preliminary results. Resuscitation. 2005;65(3):265-77.

87. Holmberg M, Holmberg S, Herlitz J, Gérdelév B. Survival
after cardiac arrest outside hospital in Sweden. Resuscitation. 1998;36(1):29-
36.

88. Holmberg M, Holmberg S, Herlitz J. Effect of bystander
cardiopulmonary resuscitation in out-of-hospital cardiac arrest patients in
Sweden. Resuscitation. 2000;47(1):59-70.

89. Holmberg M, Holmberg S, Herlitz J. Factors modifying the
effect of bystander cardiopulmonary resuscitation on survival in out-of-
hospital cardiac arrest patients in Sweden. European heart journal.
2001;22(6):511-9.

90. Holmberg M, Holmberg S, Herlitz J. Low chance of survival

among patients requiring adrenaline (epinephrine) or intubation after out-of-
hospital cardiac arrest in Sweden. Resuscitation. 2002;54(1):37-45.

79



Cardiopulmonary resuscitation in Sweden — yesterday, today and tomorrow

91. Hollenberg J, Bang A, Lindqvist J, Herlitz J, Nordlander R,
Svensson L, et al. Difference in survival after out-of-hospital cardiac arrest
between the two largest cities in Sweden: a matter of time? Journal of internal
medicine. 2005;257(3):247-54.

92. Hollenberg J, Lindqvist J, Ringh M, Engdahl J, Bohm K,
Rosenqvist M, et al. An evaluation of post-resuscitation care as a possible
explanation of a difference in survival after out-of-hospital cardiac arrest.
Resuscitation. 2007;74(2):242-52.

93. Bohm K, Rosenqvist M, Herlitz J, Hollenberg J, Svensson L.
Survival is similar after standard treatment and chest compression only in
out-of-hospital bystander cardiopulmonary resuscitation. Circulation.
2007;116(25):2908-12.

94. Holmgren C, Bergfeldt L, Edvardsson N, Karlsson T,
Lindqvist J, Silfverstolpe J, et al. Analysis of initial rhythm, witnessed status
and delay to treatment among survivors of out-of-hospital cardiac arrest in
Sweden. Heart (British Cardiac Society). 2010;96(22):1826-30.

95. Olasveengen TM, Wik L, Sunde K, Steen PA. Outcome when
adrenaline (epinephrine) was actually given vs. not given - post hoc analysis
of a randomized clinical trial. Resuscitation. 2012;83(3):327-32.

96. Axelsson C, Holmberg S, Karlsson T, Axelsson AB, Herlitz J.
Passive leg raising during cardiopulmonary resuscitation in out-of-hospital

cardiac arrest--does it improve circulation and outcome? Resuscitation.
2010;81(12):1615-20.

97. Axelsson C, Karlsson T, Axelsson AB, Herlitz J. Mechanical
active compression-decompression cardiopulmonary resuscitation (ACD-
CPR) versus manual CPR according to pressure of end tidal carbon dioxide
(P(ET)CO2) during CPR in out-of-hospital cardiac arrest (OHCA).
Resuscitation. 2009;80(10):1099-103.

98. WMA Declaration of Helsinki - Ethical Principles for Medical
Research Involving Human Subjects [homepage on the Internet]. France.
[Updated 2013 Apr 16; Cited 2013 Apr 16]. Available from:
http://www.wma.net/en/30publications/10policies/b3/index.html

80



99. Steen PA, Kramer-Johansen J. Improving cardiopulmonary
resuscitation quality to ensure survival. Current opinion in critical care.
2008;14(3):299-304.

100. Ong EH. Improving the quality of CPR in the community.
Singapore medical journal. 2011;52(8):586-91.

101. Swor R, Khan I, Domeier R, Honeycutt L, Chu K, Compton S.
CPR training and CPR performance: do CPR-trained bystanders perform
CPR? Academic emergency medicine : official journal of the Society for
Academic Emergency Medicine. 2006;13(6):596-601.

102. Sipsma K, Stubbs BA, Plorde M. Training rates and
willingness to perform CPR in King County, Washington: a community
survey. Resuscitation. 2011;82(5):564-7.

103. Van Hoeyweghen RJ, Bossaert LL, Mullie A, Calle P, Martens
P, Buylaert WA, et al. Quality and efficiency of bystander CPR. Belgian
Cerebral Resuscitation Study Group. Resuscitation. 1993;26(1):47-52.

104. Lund I, Skulberg A. Cardiopulmonary resuscitation by lay
people. Lancet. 1976;2(7988):702-4.

105. Cummins RO, Eisenberg MS. Prehospital cardiopulmonary
resuscitation. Is it effective? JAMA : the journal of the American Medical
Association. 1985;253(16):2408-12.

106. Swor RA, Jackson RE, Cynar M, Sadler E, Basse E, Boji B, et
al. Bystander CPR, ventricular fibrillation, and survival in witnessed,
unmonitored out-of-hospital cardiac arrest. Ann Emerg Med. 1995;25(6):780-
4.

107. Cobb LA, Fahrenbruch CE, Walsh TR, Copass MK, Olsufka
M, Breskin M, et al. Influence of cardiopulmonary resuscitation prior to
defibrillation in patients with out-of-hospital ventricular fibrillation. JAMA :
the journal of the American Medical Association. 1999;281(13):1182-8.

108. Nakanishi N, Nishizawa S, Kitamura Y, Nakamura T,
Matsumuro A, Sawada T, et al. The increased mortality from witnessed out-
of-hospital cardiac arrest in the home. Prehospital emergency care : official
journal of the National Association of EMS Physicians and the National
Association of State EMS Directors. 2011;15(2):271-7.

81



Cardiopulmonary resuscitation in Sweden — yesterday, today and tomorrow

109. Wik L, Steen PA, Bircher NG. Quality of bystander
cardiopulmonary resuscitation influences outcome after prehospital cardiac
arrest. Resuscitation. 1994;28(3):195-203.

110. Statistic Sweden [homepage on the Internet]. Sweden.
[Updated 2013 Apr 16; Cited 2013 Apr 16]. Available from:
http://www.scbh.se/Pages/SSD/SSD_SelectVariables 340487.aspx?px_t
ableid=ssd_extern%3aBefolkningMedelAlder&rxid=17ae9151-f757-48d5-
8755-f117eb0b7436

111. Herlitz J, Engdahl J, Svensson L, Young M, Angquist KA,
Holmberg S. Can we define patients with no chance of survival after out-of-
hospital cardiac arrest? Heart (British Cardiac Society). 2004;90(10):1114-8.

112. Gunningberg L, Dahm MF, Ehrenberg A. Accuracy in the
recording of pressure ulcers and prevention after implementing an electronic
health record in hospital care. Quality & safety in health -care.
2008;17(4):281-5.

113. Forberg U, Johansson E, Ygge BM, Wallin L, Ehrenberg A.
Accuracy in documentation of peripheral venous catheters in paediatric care:
an intervention study in electronic patient records. Journal of clinical nursing.
2012;21(9-10):1339-44.

114. Langhelle A, Lossius HM, Silfvast T, Bjérnsson HM, Lippert
FK, Ersson A, et al. International EMS Systems: the Nordic countries.
Resuscitation. 2004;61(1):9-21.

115. Axelsson C, Claesson A, Engdahl J, Herlitz J, Hollenberg J,
Lindgvist J, et al. Outcome after out-of-hospital cardiac arrest witnessed by

EMS: Changes over time and factors of importance for outcome in Sweden.
Resuscitation. 2012;83(10):1253-8.

116. van der Veer SN, de Keizer NF, Ravelli AC, Tenkink S, Jager
KJ. Improving quality of care. A systematic review on how medical registries
provide information feedback to health care providers. International journal
of medical informatics. 2010;79(5):305-23.

117. degaard S, Olasveengen T, Steen PA, Kramer-Johansen J.

The effect of transport on quality of cardiopulmonary resuscitation in out-of-
hospital cardiac arrest. Resuscitation. 2009;80(8):843-8.

82



118. Christ M, van Bracht M, Prull MW, Trappe HJ. Influences of
medical education on first aid and AED knowledge among laypersons.
Deutsche medizinische Wochenschrift (1946). 2012;137(44):2251-5.

119. Kanstad BK, Nilsen SA, Fredriksen K. CPR knowledge and
attitude to performing bystander CPR among secondary school students in
Norway. Resuscitation. 2011;82(8):1053-9.

120. Thoren AB, Axelsson A, Herlitz J. The attitude of cardiac care
patients towards CPR and CPR education. Resuscitation. 2004;61(2):163-71.

121. Axelsson A, Thoren A, Holmberg S, Herlitz J. Attitudes of
trained Swedish lay rescuers toward CPR performance in an emergency. A
survey of 1012 recently trained CPR rescuers. Resuscitation. 2000;44(1):27-
36.

122. Abella BS, Aufderheide TP, Eigel B, Hickey RW, Longstreth
WT, Jr., Nadkarni V, et al. Reducing barriers for implementation of
bystander-initiated cardiopulmonary resuscitation: a scientific statement from
the American Heart Association for healthcare providers, policymakers, and
community leaders regarding the effectiveness of cardiopulmonary
resuscitation. Circulation. 2008;117(5):704-9.

123. Crane SA, Callaway CW, Milbrandt EB, Huang DT.
Rethinking bystander CPR for out-of-hospital cardiac arrest. Critical care
(London, England). 2008;12(2):302.

124. Lindner TW, Sgreide E, Nilsen OB, Torunn MW, Lossius
HM. Good outcome in every fourth resuscitation attempt is achievable—An
Utstein template report from the Stavanger region. Resuscitation.
2011;82(12):1508-13.

125. Whittington A, Perkins GD. Compression-only CPR may
improve survival for patients in cardiac arrest due to shockable rhythms
treated by bystanders with public access defibrillation. Evidence-based
medicine. 2013 Mar 16. [Epub ahead of print].

126. Holmberg M, Holmberg S, Herlitz J, Gardelov B. Survival

after cardiac arrest outside hospital in Sweden. Swedish Cardiac Arrest
Registry. Resuscitation. 1998;36(1):29-36.

83



Cardiopulmonary resuscitation in Sweden — yesterday, today and tomorrow

127. Kitamura T, Iwami T, Kawamura T, Nagao K, Tanaka H,
Hiraide A. Nationwide public-access defibrillation in Japan. The New
England journal of medicine. 2010;362(11):994-1004.

128. Whitney-Cashio P, Sartin M, Brady WJ, Williamson K,
Alibertis K, Somers G, et al. The introduction of public access defibrillation
to a university community: the University of Virginia public access
defibrillation program. The American journal of emergency medicine.
2012;30(6):e1-8.

129. Sveriges hjértstartarregister [homepage on the Internet].
Sweden. [Updated 2013 Apr 16; Cited 2013 Apr 16]. Available from:
http://www.hjartstartarregistret.se/

130. Becker LB, Ostrander MP, Barrett J, Kondos GT. Outcome of
CPR in a large metropolitan area--where are the survivors? Ann Emerg Med.
1991;20(4):355-61.

131. Lombardi G, Gallagher J, Gennis P. Outcome of out-of-
hospital cardiac arrest in New York City. The Pre-Hospital Arrest Survival
Evaluation (PHASE) Study. JAMA : the journal of the American Medical
Association. 1994;271(9):678-83.

132. Jennings PA, Cameron P, Walker T, Bernard S, Smith K. Out-
of-hospital cardiac arrest in Victoria: rural and urban outcomes. Med J Aust.
2006;185(3):135-9.

133. Nolan JP. Optimizing outcome after cardiac arrest. Current
opinion in critical care. 2011;17(5):520-6.

134. Lund-Kordahl I, Olasveengen TM, Lorem T, Samdal M, Wik
L, Sunde K. Improving outcome after out-of-hospital cardiac arrest by
strengthening weak links of the local Chain of Survival; quality of advanced
life support and post-resuscitation care. Resuscitation. 2010;81(4):422-6.

135. Fairbanks RJ, Shah MN, Lerner EB, Ilangovan K, Pennington
EC, Schneider SM. Epidemiology and outcomes of out-of-hospital cardiac
arrest in Rochester, New York. Resuscitation. 2007;72(3):415-24.

136. Yasunaga H, Miyata H, Horiguchi H, Tanabe S, Akahane M,
Ogawa T, et al. Population density, call-response interval, and survival of

84



out-of-hospital cardiac arrest. International journal of health geographics.
2011;10:26.

137. Peberdy MA, Callaway CW, Neumar RW, Geocadin RG,
Zimmerman JL, Donnino M, et al. Part 9: post-cardiac arrest care: 2010
American Heart Association Guidelines for Cardiopulmonary Resuscitation
and Emergency Cardiovascular Care. Circulation. 2010;122(18 Suppl
3):S768-86.

138. Spaite DW, Bobrow BJ, Vadeboncoeur TF, Chikani V, Clark
L, Mullins T, et al. The impact of prehospital transport interval on survival in
out-of-hospital cardiac arrest: implications for regionalization of post-
resuscitation care. Resuscitation. 2008;79(1):61-6.

139. Hiltunen P, Kuisma M, Silfvast T, Rutanen J, Vaahersalo J,
Kurola J. Regional variation and outcome of out-of-hospital cardiac arrest
(ohca) in Finland - the Finnresusci study. Scandinavian journal of trauma,
resuscitation and emergency medicine. 2012;20:80.

140. Herlitz J, Engdahl J, Svensson L, Angquist KA, Young M,
Holmberg S. Factors associated with an increased chance of survival among
patients suffering from an out-of-hospital cardiac arrest in a national
perspective in Sweden. Am Heart J. 2005;149(1):61-6.

141. Herlitz J, Svensson L, Engdahl J, Silfverstolpe 1J.
Characteristics and outcome in out-of-hospital cardiac arrest when patients
are found in a non-shockable rhythm. Resuscitation. 2008;76(1):31-6.

142. Cummins RO, Chamberlain D, Hazinski MF, Nadkarni V,
Kloeck W, Kramer E, et al. Recommended guidelines for reviewing,
reporting, and conducting research on in-hospital resuscitation: the in-
hospital 'Utstein style'. A statement for healthcare professionals from the
American Heart Association, the European Resuscitation Council, the Heart
and Stroke Foundation of Canada, the Australian Resuscitation Council, and
the Resuscitation Councils of Southern Africa. Resuscitation.
1997;34(2):151-83.

143. Jennett B, Bond M. Assessment of outcome after severe brain
damage. Lancet. 1975;1(7905):480-4.

144. Hsu JWY, Madsen CD, Callaham ML. Quality-of-Life and
Formal Functional Testing of Survivors of Out-of-Hospital Cardiac Arrest

85



Cardiopulmonary resuscitation in Sweden — yesterday, today and tomorrow

Correlates Poorly With Traditional Neurologic Outcome Scales. Annals of
Emergency Medicine. 1996;28(6):597-605.

145. Raina KD, Callaway C, Rittenberger JC, Holm MB.
Neurological and functional status following cardiac arrest: method and tool
utility. Resuscitation. 2008;79(2):249-56.

146. Ringh M, Herlitz J, Hollenberg J, Rosenqvist M, Svensson L.
Out of hospital cardiac arrest outside home in Sweden, change in
characteristics, outcome and availability for public access defibrillation.
Scandinavian journal of trauma, resuscitation and emergency medicine.
2009;17(1):18.

147. Gold LS, Eisenberg M. Cost-effectiveness of automated
external defibrillators in public places: pro. Current opinion in cardiology.
2007;22(1):1-4.

148. Pell JP, Walker A, Cobbe SM. Cost-effectiveness of
automated external defibrillators in public places: con. Current opinion in
cardiology. 2007;22(1):5-10.

149. Plant N, Taylor K. How best to teach CPR to schoolchildren:
A systematic review. Resuscitation. 2013;84(4):415-21.

150. Axelsson C, Borgstrom J, Karlsson T, Axelsson AB, Herlitz J.
Dispatch codes of out-of-hospital cardiac arrest should be diagnosis related
rather than symptom related. European journal of emergency medicine :
official journal of the European Society for Emergency Medicine.
2010;17(5):265-9.

151. Bohm K, Stalhandske B, Rosenqvist M, Ulfvarson J,
Hollenberg J, Svensson L. Tuition of emergency medical dispatchers in the
recognition of agonal respiration increases the use of telephone assisted CPR.
Resuscitation. 2009;80(9):1025-8.

86



87



Cardiopulmonary resuscitation in Sweden — yesterday, today and tomorrow
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Appendix Il

Part I:

The social security number —a complete social security number should be
available. When a foreigner suffer from out-of-hospital cardiac arrest
(OHCA), the person achieve a reserve number which is possible to track from
the emergency medical service (EMS) medical record until the patient’s
discharge from the hospital.

Gender — documentation if the patient with OHCAs is a female or male

Task number — the EMS missions achieve a task number from the dispatcher
at the alarm central. The aim with the task number is to simplify tracking of
the mission.

Alarm date — documentation about the date when the OHCAs occurred. The
documentation should be according yyyy-mm-dd.

Locations of OHCA — there are three alternatives to fill in where the OHCAs
has occurred which could be at home, public place or other. Public place and
other are available from a scrolling list.

Witnessed OHCA yes/no — if the OHCA was witnessed. The following
objects are possible to choose; lay people, EMS crew, health care personal,
police, fire brigade, other.

Cardiopulmonary resuscitation (CPR) before arrival of EMS — if CPR was
initiated before arrival of EMS. The OHCA should be reported to the
Swedish cardiac arrest register (SCAR) regardless whether the EMS crew
continued the treatment with exception for cases being regarded as dead on
the arrival of the EMS (for example rigor mortis).

Compression yes/no — documentation if the patient received compression
before the arrival of the EMS.

Ventilation yes/no — documentation if the patient received ventilation before
the arrival of the EMS.

Defibrillation yes/no — documentation if the patient was defibrillated and how
many defibrillations. If the patient was defibrillated, there should be
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documentation about who defibrillated and if automated external defibrillator
(AED)/public access defibrillator (PAD) was used.

The status at the arrival of the EMS — documentation whether the patient was
conscious, was breathing and had a pulse. This is documented yes/no.

Initial rhythm — the first stated rhythm documented regardless if observed by
bystanders or the EMS crew.

Cause of arrest — information about the aetiology behind the OHCA.

Time event for the OHCA — the time for the OHCA event and the following
point operations should be documented:

Witnessed OHCAs — at the time of collapse
Non-witnessed OHCAs — when the victim was found
unconscious and without signs of breathing and without a
circulation

e Registered alarm — when the dispatcher received the alarm
from the caller
Registered time when the EMS crew was dispatched.
CPR — when CPR was initiated.
Defibrillation — when the first defibrillation was performed
regardless if it was performed by a bystander, first responder
or the EMS crew.

e The arrival of the EMS — when the EMS crew arrived to the
place of location of the OHCA.

e The arrival of the EMS — when the EMS crew was at the
patient’s side.

e The first electrocardiogram registration — the registration
could be analysed from an AED or/and confirmed by the
EMS crew.

Treatments — documentation of treatments which were given after the arrival
of the EMS and during the ongoing OHCAs or/and immediately after return
of spontaneous circulation (ROSC). The following treatments should be
documented:

Compression

Mechanical compression — if a mechanical device was used.
Ventilation — if the patient was ventilated during the OHCA
and how the ventilation was performed (mouth to mouth,
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mouth to pocket mask, resuscitator device before and/or
after intubation
e Intubation — if the patient was intubated or not.

e Defibrillation — documentation of defibrillations after arrival
of the EMS and the number of the defibrillations.

e Adrenaline — if adrenaline was given or not and the volume
of dose.

e Atropine — if atropine was given or not and the volume of
dose.

e Amiodarone - if amiodarone was given or not and the
volume of dose.

e Therapeutic hypothermia — if the patient was treated with
therapeutic hypothermia.

Outcome — results of treatments and the patient’s status is documented for
each OHCA case. The following aspects on outcome are specified as:

e ROSC — documentation if the patient had any ROSC during
the OHCA.

e Admitted to hospital — all OHCA cases should be
documented if the OHCA was admitted to hospital or not. If
OHCA was admitted to hospital, the name of hospital was
available from a scrolling list with the possibility to choose
one of them.

e ROSC on arrival in the hospital — documentation should be
performed if there was ROSC or not on arrival in the
hospital.

e Conscious on arrival in the hospital - documentation should
be performed if the patient was conscious or not on arrival in
the hospital.

When all these variables are documented, the completed form should be sent
away by activating the send button.

The data in part II are documented as follows:

Part II:
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Admitted to a hospital ward — documentation if the patient was admitted to a
hospital ward or not. If the answer was no, the form is completed and saved
in the database.

Received following treatments — documentation if treatments as implanted
defibrillator, percutanecous coronary intervention, coronary bypass,
therapeutic hypothermia or beta blockade are obtained. There is an
opportunity to respond do-not-know.

Discharged alive from hospital — documentation if the patient was discharged
from hospital or not. The discharge destination should be documented as
home, another hospital or other care form and if there was no information
about the discharge. The time point for the discharge is documented and also
an opportunity to choose do-not-know.

Cerebral performance category (CPC) score — documentation about the CPC
score at the discharge from hospital.

Dead within 30 days after the OHCA — the OHCA case is controlled if he/she
is alive and documented as yes or no. There is an opportunity to respond do-
not-know. The date of death should be documented.
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Appendix IV

Search template for OHCA in Sweden

When a patient has been taken care of by the EMS crew, documentation
about the mission is produced. The documentation takes place either in a
digital medical record or on a paper form which is followed up in an
electronic monitoring system. In general, the following facts are documented,
regardless of the kind of patient case or EMS medical record:

Case number

The patient’s name and social security number
Day and time of the occurrence of the OHCA
Observations

Assessments

Treatments

AN

Observations could involve observing symptoms like respiratory distress,
chest pain, cyanosis, stomach pain, unresponsive and so on.

Assessments could involve assessing and then deciding what to do after an
observation.

Treatments which have been given after an assessment/s.

In the EMS medical records, the information in items 4-6 is frequently
documented as a free text and/or with specific code/s. The specific codes are
developed and adapted for each EMS medical record system and connected
to a condition with specific symptoms. When an OHCA has occurred and has
been documented as an OHCA, pre-symptoms may have existed before the
occurrence of the OHCA and they can therefore be picked up in the search
procedure, provided that it has been documented as a free text. This is
important because a specific code for an OHCA is sometimes not
documented and cannot be found in the search.

The following free text examples can be used in the search procedure:
ROSC (return of spontaneous circulation), CPR (cardiopulmonary

resuscitation), def (defibrillation), asystole, VF (ventricular fibrillation), PEA
(pulseless electrical activity), cardiac arrest and so on.
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