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Abstract

Introduction: Every year in the Western world, emergency medical system
(EMS) personnel attempt to resuscitate approximately 500,000 patients who
experience out of the hospital cardiac arrest (OHCA). Reported incidences and
outcomes numbers of OHCA show substantial variations. System and quality
differences in the chain of survival and post resuscitation care may contribute
to these variations. This thesis aims to update our knowledge about incidence
and outcomes of OHCA in an area, which previously have reported high

survival rates after OHCA.

Aims: The specific aims of this thesis are to present current epidemiology,
outcomes and factors linked to survival in adult patients after OHCA, to
examine the relationship between the angiotensin-converting enzyme (ACE)
genotype and the return of spontaneous circulation (ROSC), study the use of
therapeutic hypothermia (TH) after OHCA, estimate the life years saved by
resuscitation efforts and present a calculation of the overall mortality risk after

hospital discharge in OHCA survivors.

Methods: In paper |, we accessed a prospectively collected Utstein template
database to identify all resuscitation attempts in patients with OHCA of cardiac
origin and compared the outcomes during two periods (2001-2005 vs. 2006-
2008). In paper I, we performed a prospective observational study of all
OHCAs of cardiac origin between 2007 and 2010. The ACE genotype was
identified and used together with the Utstein template parameters to examine
the relationship between ROSC and the ACE genotype. In paper lll, we
conducted a retrospective observational study of OHCA patients admitted to
the ICU from 2004 to 2008 and examined the factors predicting the use of TH
and survival. Paper IV was a retrospective observational study of long term

survival of OHCA patients between 2002 and 2011 discharged from hospital.
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We calculated the potential life years saved, the standardised mortality rates

(SMR) and reported the causes of death after hospital discharge.

Results: In paper |, we found that the overall survival to discharge increased
from 18% to 25% and in witnessed OHCA with shockable rhythm from 37% to
52%. There were no significant differences between the two time periods
regarding age, sex distribution, OHCA location, proportion of shockable
rhythms and ROSC rate. In paper I, we measured the ACE gene
polymorphism distribution in OHCA patients to be similar to the general
population, but no correlation to ROSC was found. In paper lll, we found that
TH was used in 70% of all unconsciousness OHCA patients. Witnessed arrest,
bystander CPR, shockable rhythm and cardiac origin, were all positive
predictors of TH use and survival. Increasing age, and within a subgroup
female gender, predicted a lower utilisation of TH and lower survival. In paper
IV, we found the mean number of potential life years saved per patient to be
23 years. The overall SMR in the study cohort was 2.3, and cardiac disease

was the prominent cause of late deaths.

Conclusions: Overall, we found good outcome to be achievable in every
fourth resuscitation attempt and in every second resuscitation attempt when
patients have a shockable rhythm. No significant association between the ACE
gene polymorphism and ROSC was demonstrated. TH was used in the
majority of OHCA patients who were admitted to the ICU, with an observed
underutilisation in some subgroups. The resuscitation of OHCA victims lead to
a significant long-term benefit with respect to the number of life years saved.
Cardiac disease was the main cause of death after hospital discharge. The
reasons for overall improved outcomes are probably multi-factorial and related

to improvements in all links of the chain of survival.
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1. Introduction

The line between life and death is ephemeral and almost invisible. Throughout
time, mankind has dreamed of reversing death. The concept of resurrection is
found in all cultures and religions, from Orpheus and Eurydice to Lazarus. In
human history, there have always been technical attempts to resuscitate
perished human and non-human bodies. However, despite the more mystical
approaches, practical manoeuvres are also described. Even 4000 years ago,
insufflations of air were used to restore life in deceased loved ones. The first
report of proper mouth-to-mouth ventilation is approximately 270 years old.[1-
3] The first external chest compressions were performed by the physicians Hill
and Maas in the late 18th century.[4, 5]

However, it was only approximately 50 years ago that practical treatment
options for impending death from cardiac arrest were identified. Sudden
cardiac arrest (SCA) is defined by unresponsiveness, apnoea (or agonal,
gasping respirations), and the absence of signs of circulation due to lack of
cardiac output.[6, 7] Current resuscitation guidelines recommend starting with
chest compressions and ventilating the lungs, which is also referred to as

cardiopulmonary resuscitation (CPR).[8]

Every year, emergency medical system (EMS) personnel in the Western world
attempt to resuscitate approximately 500,000 adult patients in whom
unexpected cardiac arrest occurs out of the hospital.[9-13] The incidence and
outcome of out-of-hospital cardiac arrest (OHCA) have been reported for

decades but still show substantial variation.[14-16]

The area in which the research for this thesis was conducted has previously
reported high survival rates after OHCA.[17, 18] To follow up on these
findings, identify possible contributing factors for survival, and gather more-

detailed knowledge about OHCA patients, the plan for this thesis was
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developed in 2008. This thesis presents current outcomes and factors that are
linked to survival in adult patients after OHCA, contains a pilot study of the
relationship between the angiotensin-converting enzyme (ACE) genotype and
the return of spontaneous circulation (ROSC), examines the use of therapeutic
hypothermia (TH) after OHCA, estimates the life years that are saved by
resuscitation efforts, and presents a calculation of the overall mortality risk

after hospital discharge in OHCA survivors.
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2. Epidemiology, treatment and outcome

2.1 Epidemiology of out-of-hospital cardiac arrest

The term “epidemiology” was first used in the early 19" century [19] to
describe the science of how frequently diseases occur in a population. Today,
the term is also used to describe the rate of symptoms and disease-associated
behaviours. To obtain epidemiological numbers by observation, both the
disease or symptom and the observed population must be defined. The
incidence is the number of new diseases or conditions that are diagnosed
during a given period of time, while the prevalence is the number of diseases

or conditions at a given point in time.

This thesis specifically focuses on adult patients in whom unexpected cardiac
arrest occurs outside of the hospital. OHCA represents approximately 60% of

all documented cardiac arrests and differs from in-hospital cardiac arrest.[20]

Our knowledge about the epidemiology and outcomes of patients with OHCA
is mainly based on epidemiological studies, using the Utstein template for the
uniform reporting of OHCA.[7, 21] According to the Utstein definition, the
aetiology of an OHCA is immediately determined at the moment of treatment
at the site where the OHCA occurs.[21, 22]

Currently, only estimates of the global epidemiology and incidence of OHCA
are available. Exact statistics for larger areas or regions are not known, and
the described populations are not always sufficiently defined. Variances in the
reported numbers are seen both between different countries and between
regional EMS departments.[16, 23, 24] The estimated overall incidence is
between 60 and 100 OHCA patients per 100,000 inhabitants per year.[16, 24,
25] The incidence of OHCA is correlated with age. In persons younger than 50

years, the incidence is only 1 OHCA per 100,000 inhabitants per year, while in
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the population of persons who are 80 years and older, the reported incidence
is as high as 9 OHCA per 100,000 inhabitants per year.[25]

Both the causes of OHCA and the first documented electrocardiographic
(ECG) rhythm are frequently reported epidemiological figures. The cause of
OHCA can be divided into cardiac or non-cardiac origins. OHCA of non-
cardiac origin includes conditions such as trauma, drowning, asphyxia,
exsanguination, intoxication, drug overdose, suicide or any other non-cardiac
cause as determined to the extent that is possible by the EMS.[7] A presumed
cardiac aetiology of OHCA is usually determined by the absence of the listed
non-cardiac origins. Thus, there is an inherent uncertainty in epidemiological
estimates regarding the aetiology of OHCA. For example, some acute central
nervous system diseases, such as intracranial haemorrhages, may be
registered as an OHCA of cardiac origin. Furthermore, the presumed aetiology
may be revised during a subsequent hospital stay or through a post-mortem
examination, and if so, this more exact aetiology of the OHCA must be
independently registered and clearly distinguished from the presumed
diagnosis at the site of the OHCA.

Cardiac causes are the most common reason for OHCA. Ischemic heart
disease accounts for the majority of OHCA of cardiac origin, even though
modern treatment regimens have been able to reduce the prevalence of
ischemic heart diseases.[26] In addition to ischemic heart disease,
arrhythmias, inflammatory heart diseases, valvular diseases or other cardiac

diseases may cause OHCA of presumed cardiac origin.

The first ECG rhythm is also important for the epidemiologic classification of
OHCA. There are four different rhythm groups that are described in patients
with cardiac arrest. In ventricular fibrillation (VF), all of the heart muscle cells
contract in an irregular pattern without maintaining circulation but with a high

energetic turnover. Ventricular tachycardia (VT) is a more regular electrical
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activity but still does not generate sufficient cardiac output. Pulseless electrical
activity (PEA) includes all other recorded ECG activity that does not result in a
palpable pulse. Finally, ECG recordings with no electrical activity and therefore
no heart muscle activity are defined as asystole. For epidemiological
purposes, these rhythms are usually grouped as shockable rhythms (VF/VT)
and non-shockable rhythms (PEA and asystole).[22]
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2.2 Treatment of out-of-hospital cardiac arrest

2.21 History of out-of-hospital cardiac arrest treatment
and resuscitation guidelines

The current treatment techniques for SCA emerged in the late 1950’s.[27]
Kouwenhoven, Jude and Knickerbocker combined methods for respiratory and
circulatory support. These authors reported a case summary of 20 patients
with SCA, in which 14 patients survived for a measurable time span. This work
was continued and extended by Peter Safar and James Elam in the early
1960’s. Safar published the first “chain of survival’. He mentioned several
treatment steps for patients with SCA, starting with chest compressions and
ventilations and proceeding to intensive care treatment, including TH.[28-30]
The combination of artificial ventilation and chest compression has since been
known as CPR. To terminate the irregular electrical heart activity in VF/VT, a
short (<50 msec.) and strong (<50 A and <4000 V) DC current is used. This
defibrillation technique was developed in the early 1950’s by Zoll; portable
defibrillators have been available since the early 1960’s.[31-33] The concept of
the chain of survival has since been modified several times, always with the

goal of increasing survival after OHCA.[34, 35]

The first international recommendations on resuscitation were made in 1961
after a conference on emergency resuscitation hold in Stavanger, Norway.[36]
This lead to the standard treatment recommendations from the
Cardiopulmonary Resuscitation Committee on CPR from the American Heart
Association in 1966.[37] The European Resuscitation Council (ERC) was
established in 1989 with participants from the European Society of Cardiology,
the European Academy of Anaesthesiology, the European Society for
Intensive Care Medicine, and several national societies. In 1992, the
International Committee on Resuscitation (ILCOR) was founded.[38] The

founding associations include the American Heart Association, the Australian
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and New Zealand Committee on Resuscitation, the ERC, the Heart and Stroke
Foundation of Canada, the Inter-American Heart Foundation, the
Resuscitation Councils of Asia and the Resuscitation Councils of Southern
Africa.[38] ILCOR provides the scientific background for treatment
recommendations that form the bases for the development of national CPR
guidelines. Due to economical, pedagogical and political reasons, the national

guidelines may differ slightly around the world.
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2.2.2 Prehospital cardiopulmonary resuscitation

Prehospital CPR starts with the identification of an OHCA. The absence of
circulation will, after up to six seconds, be accompanied by the loss of
consciousness; after 20-40 seconds, the breathing pattern will be altered, the

breathing will subsequently stop and the patient will collapse.[39]

A witnessed OHCA is defined as an OHCA in which the collapse was either
seen or the sound of falling or the disappearance of breath sounds was heard
by someone else. This person is supposed to call for help and then begin
simple resuscitation manoeuvres, the so-called bystander CPR. Bystander
CPR or basic life support (BLS) is defined as simple respiratory and circulatory
support (providing airway patency, ventilations and chest compressions).[40] If
an OHCA is not witnessed, and the patient is not found in the following
minutes, additional signs of prolonged death will appear, making resuscitation

efforts futile in the end.

In most countries, the emergency dispatch centre (EDC) will ask questions to
determine whether the patient is suffering from an OHCA and will advise the

bystander to start CPR and explain how to do so if necessary.[10, 18]

In some circumstances, an automatic external defibrillator (AED) may be
available on the scene. Public access defibrillators (PADs) are AEDs that are
placed to allow easy access for laypeople to perform CPR with defibrillation.
The distribution of PADs is widespread. PADs can be located inside or outside
private enterprises, shopping malls and public buildings. Usually, the
information where PADs are located is rarely available and not updated at the
local EDC.[10, 18] Although the use of PADs is in general life saving, the
frequency of their use is low.[41] To have a potential life-saving effect, PADs
must be placed in areas where a high number of persons at risk for OHCA are

located or passing through, such as train stations, airports or casinos;[42]
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PADs at golf courses and private/residential homes are very rarely used.[40,
43, 44]

After the CPR process is started by laypersons and the emergency call is
made, the EDC will scramble the EMS, which will respond with several
units.[10, 45, 46] These units are staffed with personnel who are capable of
advanced life support (ALS). ALS includes securing the airway ventilations and
providing drug therapy and post resuscitation care for OHCA patients where
ROSC could be established.[8] ALS will also be immediately delivered in
patients where the OHCA occurred in the presence of the EMS personal as
EMS witnessed OHCA.

If ROSC could not be established, the deceased remains on the scene. Under
special circumstances the OHCA patient may be transported to the receiving
hospital with ongoing ALS.[47, 48] During this mission, mechanical chest
compression devices may be used to ensure both adequate chest

compressions and the safety for the EMS personal while driving.[49, 50]

At the receiving hospital, the OHCA patient is examined immediately by a
team consisting of specialists in anaesthesia and cardiology, specially trained

nurses and supportive staff.[45, 46]
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2.2.3 In-hospital treatment of out-of-hospital cardiac
arrest patients

After the arrival of an OHCA patient at the hospital, the major goal is the
stabilisation and normalisation of the body’s functions, as well as the
identification and treatment of the cause of the arrest. In recent years, the

focus on the special needs of post-OHCA patients has increased.[12, 51]

2.2.3.1 General treatment

The general in-hospital treatment course obviously depends on the condition
of the admitted OHCA patient. The patient may be awake or unconscious; he
or she may have maintained circulation or may lack independent circulation

and require continuous chest compressions.

Conscious OHCA patients should be transferred either to immediate PCI,
when indicated or to a cardiac care unit (CCU where comprehensive cardiac

diagnostics and supportive care are available.

If the OHCA victim remains unconscious, he or she should be admitted to the
ICU directly or after PCI. For such patients who may have sustained general
tissue damage from global hypoxia and from reperfusion, the reconstitution of
cellular haemostasis is of primary importance. This metabolic phase after the
OHCA requires the optimisation of cellular oxygenation with respiratory
support, maintenance of sufficient circulation, normalisation of electrolyte
abnormalities, and identification and, where possible, treatment of the cause of
the OHCA.[52, 53] Furthermore, temperature management is a cornerstone of

post-resuscitation treatment and will be discussed in the next chapter.
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2.2.3.2 Therapeutic hypothermia after out-of-hospital cardiac arrest

TH after OHCA is defined as a reduced body temperature that is induced for
therapeutic reasons.[54] TH as protection for the central nervous system from
hypoxia damages due to reduced circulation was first mentioned in 1950.
Since then, the use of TH has been reported in intracranial and cardiac
surgeries and for SCA victims. However, no clear treatment method or
protocol emerged, and serious side effects have been described.[55-59] In the
1980’s, promising results from animal studies were published,[55-61] and
small studies again indicated that TH may improve neurological outcomes
after OHCA.[62-65] In 2002, two large randomised controlled trials paved the
way for a general recommendation for the use of TH in the treatment of OHCA

victims admitted to hospitals.[66-68]

The protective effects of TH on cell function and integrity are assumed to be
due to a reduction in the metabolic and inflammatory reactions to hypoxic,
ischemic and reperfusion damage during and after OHCA. Although the
specific effects of TH are not fully understood, the theory is that a lowered core
temperate contributes to the inhibition of pathophysiological cascades,
allowing damaged cells to reconstitute or at least partly maintain their
function.[54] These effects result in a better neurological outcome among
OHCA victims who survive to discharge.[66, 67]

Since 2002, TH has been recommended by many major critical care societies

and has been used in the hospitals that are studied in this thesis.[12, 51, 69]
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2.2.3.3 Percutaneous coronary intervention

Coronary heart disease, also known as ischemic heart disease or coronary
artery disease, presents with one or several stenosis in the arteries supplying
the myocardium. Over the past 60 years, revascularisation therapy has been
the basic treatment option for coronary heart diseases. Both surgical
approaches, via aortic coronary bypass surgery and non-surgical treatments
with PCI are used to supply the ischemic myocardium with more oxygen.[70,
71]

Twenty-five to 40% of patients suffering from acute coronary syndrome
present with a so-called ST-segment elevation myocardial infarction
(STEMI).[72] Emergency treatment paradigms for these patients have
changed over time. In the late 1980’s, the ISIS (International Studies of Infarct
Survival and GISSI (Italian group for the study of the survival of Myocardial
Infarction) trials demonstrated that intravenous streptokinase given within 0-4
hours of onset of myocardial infarction reduced mortality and improved
outcome.[73, 74] Later, tissue plasminogen activator, tenecteplase, adjuvant
heparin and low-molecular-weight heparin were studied and introduced to the
primary lytic therapy of STEMI.[75-78] In the late 1990’s, facilitated PCI was
added to primary lytic therapy.[79-81] Since 2001, PCI has become a more-
frequent first-line therapy for STEMI.[82, 83]
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2.3 Outcome of out-of-hospital cardiac arrest
231 Outcome measures

The suggested outcome measures for OHCA in terms for survival are ROSC
at the scene, hospital admission with ROSC, admission to an ICU/CCU,
survival to discharge from hospital, and long-term survival over months or
years. The numbers for survival to discharge and long-term survival are
frequently combined with a simple neurological ranking, the cerebral

performance score (CPC).[21]

2.3.2 Outcome numbers

Large variations have been described in both short- and long-term survival
after discharge, with reported survival to discharge rates varying widely.[16,
24] This large variation may be due to different inclusion criteria in the
published studies. The reported subgroups are often sorted by the first
recorded rhythms, if an OHCA was witnessed or the aetiology of the OHCA
and may bear some uncertainty. Nevertheless, even in matching populations,
the reported differences in survival to discharge are still striking. Reported
survival to discharge aggregates form different continents, including OHCA
patients with VF/VT as the first rhythm, which varies from 2%-11% and for
OHCA patients where all origins are included from 1-15%.[16, 24] Some
patients experience prodromal clinical signs before an OHCA and are able to
contact the EMS dispatch centre. In such cases, an ambulance unit may arrive
on the scene before the loss of circulation, and the OHCA is witnessed by
EMS. The outcome of EMS-witnessed OHCA is usually higher than the
general OHCA outcome.[11, 16]

There are several factors that impact the outcome of the OHCA. Most

important, a positive predictor of survival is if the OHCA was witnessed and if
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bystander CPR was performed. In addition, increased age and comorbidity are
negative predictors for survival.[24, 84] Furthermore, differences in post
resuscitation inpatient treatment also contribute to the observed variability in
survival to discharge as an outcome.[12, 18, 26, 85] Gender may also be a
predicting factor for OHCA survival but is most likely more prominent in the in-

hospital course than as a predictor for ROSC.[86, 87]

Despite considerable scientific, educational and practical efforts, the
aggregated survival rate has not improved in recent decades. Published
results show a 7-8% survival to discharge rate for OHCA of all origins in which
resuscitation attempts were made and approximately 20% survival to
discharge for patients with an OHCA with VF/VT as the first recorded
rhythm.[16, 24]

2.3.3 Outcome and genetic factors in out-of-hospital
cardiac arrest

Recent decades have seen an enormous expansion in the research,
knowledge and understanding of the genetic basis of human variations and
diseases.[88, 89] In many areas of medicine, genetic influences on health,
disease progression and response to therapy have become more apparent.
From single-gene alterations to genome-wide associations, several studies
have established correlations between genetic alterations and an increased
risk for disease development and adverse outcome.[90-92]

It is known that genetic factors are linked to heart disease [93, 94] and
SCA,[95] and research is ongoing regarding the genetic factors that determine

individual responsiveness to treatment and outcomes after OHCA.[96]

Genetic mutations alter cellular functions and the pathophysiological response.
Thus, genetic polymorphisms affect the risk of OHCA. Genetic factors have

been identified as underlying causes for cardiovascular disease (CVD) leading
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to SCA.[97, 98] In addition, the following arrhythmias leading to OHCA have
been identified as caused by genetic mutations: Brugada syndrome, long and
short QT syndromes and catecholaminergic polymorphic ventricular
tachycardia. Furthermore, patients with genetic alterations manifesting in
abnormal cardiac ion channel function may have an increased risk of
OHCA.[99-102] However, whether genetic alterations also have impact to the

outcomes, such as ROSC or survival to discharge, remains unclear.

It is obvious that the development and severity of CVD have many contributing
factors, including geography, socioeconomics, lifestyle, gender and
genetics.[103, 104] Genetic polymorphisms in the development of CVD have
been described for the renin-angiotensin system,[92] for the peroxisome
proliferator-activated receptor gamma,[105] the Calpain 10 polymorphism[106]
and others, indicating that many genetic factors contribute to SCA. However,

difficulties in assessing individual risks remain.[107]

The peptide hormone angiotensin Il is part of the renin-angiotensin-
aldosterone system, which participates in blood pressure control.[108, 109]
The ACE gene polymorphism has three genotypes: the insertion
polymorphism (ll), the insertion/deletion polymorphism (ID) and the deletion
polymorphism (DD). This gene polymorphism has significant effects in adult
respiratory distress syndrome and paediatric meningococcal infection; it has
also been linked to survival after trauma and outcomes of traumatic brain
injury.[110-113] There is a strong association between the ACE gene
polymorphism and the plasma level of ACE. Genetic effects account for 47%
of serum ACE levels.[108] Paradis et al reported that the vascular tone and the
resulting blood pressure contribute to ROSC.[114] Therefore, the differences
in ACE gene polymorphisms that influence the serum ACE levels and following
vascular tonus may affect the outcome of OHCA by increasing the probability
of achieving ROSC.



29

2.34 Documentation of the incidence and outcome
after out-of-hospital cardiac arrest

Reliable documentation of the OHCA incidence and outcome is essential for
many aspects of care. Consistent documentation can be used for local EMS
development and for the decision as to how to allocate national and
international economic and scientific resources relative to other acute or
chronic diseases. For these reasons, systematic, objective and reviewable
documentation of the OHCA incidence is essential. This documentation should
include essential medical and system-associated data points, such as the
location of the OHCA, responding EMS units, patient identification data, arrest
and outcome variables, and comprehensive timeframes describing events
from the moment of the OHCA to ROSC, the termination of resuscitation, or
admission to the receiving hospital. These databases should attempt to
provide real-time, updated documentation to the fullest extent possible.
Furthermore, such a template should be internationally developed, recognised

and used.

To reach these goals, the resuscitation societies developed the Utstein
template for uniform data reporting for OHCA. The initial Utstein-style template
was developed in 1991 at a conference held at the Utstein Abbey on the island
of Mostergy, Norway, to promote the uniform and comparable reporting of
OHCA incidence and outcomes.[21] This form has been used around the
world, and in 2002, the original template was revised.[7, 21] This revision
attempted to simplify the older template, tried to lessen logistical difficulties in
the collection of core data, and addressed inconsistencies in the terminology

between prehospital and in-hospital SCA registers.

The Utstein template includes whether the OHCA was witnessed and whether
bystander CPR was performed. The location of the OHCA is also registered

and categorised into three main groups: at home, in public or “other”. A public
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localisation of the OHCA usually includes street, city park, shopping centre,
sports stadium, entertainment centre, airport, railway station, church, beach, or
office buildings. The location “other” may include places such as nursing
homes/long-term care facilities, schools and hotel rooms. More-specific

information is provided if necessary.[7]

The neurological status as part of the outcome documentation is reported at
30 days, 6 months and one year after the OHCA.[7] Documentation of the
neurological status is challenging, but knowledge of the patient’s cognitive
abilities is essential to providing insight regarding the entire chain of survival.
The Utstein template uses the simple definition of neurological status that is
provided by the CPC.

In every data register, precise and accurate control of the data input and
adherence to the data field definitions must be ensured before the results can
be analysed and interpreted, both for the purposes of reporting and for future
research. These data-control procedures are extremely important for scientific

progress and should be reported together with the results.
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3. Aims of the thesis

The overall aim of this thesis was to study the epidemiology and outcome of
OHCA and possible contributing factors for the survival of OHCA patients in a
region where high survival rates of OHCA victims have been previously
reported. This thesis also describes the local chain of survival in detail and
provides updated numbers for OHCA epidemiology and outcomes, including
the effects of the ACE gene polymorphism distribution on ROSC (Papers | +
). In addition, this thesis addresses aspects of treatment and decision making
in the receiving hospitals for OHCA patients (Paper Ill). Furthermore, this
thesis provides an estimate of the life-years saved by a successful

resuscitation process (Paper V).

3.1 Paper|l

The aim of paper | was to describe the epidemiology and outcomes of OHCA
of cardiac origin from 2001-2008 in the study area. Two time periods with
different resuscitation guidelines should be compared. We wished to identify
the factors that are associated with the outcomes ROSC and survival to

discharge.

3.2 Paperll

The aim of this study was to examine the distribution of the ACE gene
polymorphism in patients with OHCA of cardiac origin and the influence of
these genetic variations on ROSC. In addition, the aim was to demonstrate the
feasibility of collecting blood samples from OHCA patients, even if they are not
ultimately admitted to the receiving hospital, and to show how practical, legal

and ethical challenges could be addressed.
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3.3 Paperlll

The aim of the paper was to analyse patient characteristics and cardiac arrest
factors that predicted the use of in-hospital TH and as well survival to
discharge in unconscious OHCA patients who were admitted to the ICUs at

three different Norwegian university hospitals.

3.4 PaperlV

The aim of the study was to describe the long-term outcome of OHCA victims
surviving to discharge from the same study hospital as in papers | and Il. We
wanted to estimate the life years that were saved by the resuscitation efforts.
Furthermore, this study aims to examine the standardised mortality rates of

OHCA survivors by comparing the long-term survival of OHCA victims to that

of an age- and gender-matched general population.
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4. Materials and methods

4.1 Study area and receiving hospital

Papers |, Il and IV were conducted in the same study area, the Stavanger
region. All of the OHCA patients were admitted to the same hospital, which
was the only facility that admitted OHCA patients in the studied area. The
Stavanger region is the catchment area of the Stavanger University Hospital,
comprising the city of Stavanger in the centre and the surrounding 17
municipalities. The study area is situated on the west coast of Norway, and the
combined area is approximately 5700 km?. The study area lies on the same
circle of latitude as the southern tip of Greenland. The population in the
studied area increased from approximately 273,000 inhabitants in 2001 to
approximately 314,000 inhabitants in 2008.[18, 115] Approximately 15% of the
inhabitants are immigrants.[116, 117] The Stavanger University Hospital is the
only admitting hospital in the study area. Together with its primary and referral
areas, the hospital covers a population of approximately 400,000
inhabitants.[18, 45] Patients who are admitted after OHCA are assessed by an
intensive care physician and a cardiologist in the emergency department. TH
has been offered for unconscious OHCA patients since 2002.[45] Primary
emergency PCI has been available for patients with STEMI since 2004.[46]
Before TH was introduced, unconscious OHCA patients were admitted to a
general ICU for supportive care and two to three days of mechanical
ventilation before a prognosis was determined, eventually leading to weaning

or withdrawal of active treatment.[18, 45]
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4.2 Paperl

This is a retrospective observational study of prospectively collected OHCA

data.

421 EMS

4.2.1.1 Emergency dispatch centre

The EMS in the study area is reachable via one toll-free, three-digit emergency
number (113).[118] There is only one EDC in the study area. The call is
received by a specially trained nurse who determines the urgency of the
symptoms that are presented by the caller using a criteria-based index.[119]
After the nurse decides that an OHCA is the cause of the presenting
symptoms, the EDC will immediately dispatch the following resources: fire
brigades as first responder units, one or two ambulance car units, one
anaesthesiologist-staffed rapid response unit and a general practitioner
(GP).[10] If the incident was not initially identified as an OHCA, the physician-
staffed units may be called to the scene at a later time. Simultaneously, the
nurse will provide advice to start CPR if it has not already been performed. In
the study area, both chest compressions and mouth-to-mouth ventilation are
recommended by the EDC nurse, following the Norwegian resuscitation
council guidelines.[8, 119, 120] There were no systematic changes in this

approach during the study period.

4.2.1.2 Emergency units

There are 18 ambulance car units available at all times in the study area.
These units are dispatched from six different ambulance stations. The
ambulance car units are equipped to support ALS and are staffed with two

health care professionals, at least one of whom is an ALS-certified paramedic.
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This response to OHCA is supported by fire brigades who carry AEDs and act
as first responder units. This collaboration between the EMS and the first
responders began in 2000 and reached 17 units in 2008.

The anaesthesiologist-staffed unit can respond either by car or by helicopter.
The crew includes a physician, a paramedic/nurse who is specially trained in
rescue techniques, and a pilot.[10, 121] Pre-hospital TH treatment is initiated
by the anaesthesiologist on scene if the OHCA patient has not regained
consciousness after 10 minutes.[45] The GP responding to the OHCA is on
call in the municipality emergency centre. He or she either follows in the

ambulance or uses his or her own transportation.

4.2.1.3 CPR guidelines

The resuscitation guidelines from 2000 and 2005 were used when the data for
this work were collected. The 2000 Norwegian guidelines were similar to the
ERC (ERC) guidelines.[122] These guidelines had been fully implemented
when the data collection started. The 2005 resuscitation guidelines emphasise
chest compressions and normalised ventilation in a comprehensive ratio of
30:2 and allow only one defibrillation per loop.[8, 40, 123] The 2005 Norwegian
resuscitation guidelines are slightly different from the 2005 ERC guidelines.[8,
120] The Norwegian version recommends a three-minute loop between rhythm
analyses and eventual defibrillation; pulse control is performed one minute
after the heart rhythm analyses, followed by the administration of one mg of

epinephrine if no palpable pulse is detected.

The implementation process of the 2005 guidelines took place simultaneously
with the data collection. The implementation process included a training period
of several weeks when both guidelines may have been used, but after this

training period, only the 2005 guidelines were used.[124]
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4.2.2 Patient inclusion, data collection and ethical approval

In 1996, the EMS established an Utstein template-based register for all
OHCAEs. For this work, prospectively collected data from January 1%, 2001, to
December 31%, 2008, were accessed. All EMS responses to OHCA patients
were reported. Patients, for whom resuscitation (according to the Utstein
definitions) was not initiated, as well as patients with a non-cardiac origin of
OHCA, were excluded from the analysis.[7, 22] A resuscitation effort was only
registered as such when medical measures, such as airway assistance, chest

compressions, defibrillation or drug administration, were performed.[7, 22]

The presumed origin of the OHCA was determined on scene according to the
Utstein definitions. A cardiac origin of the OHCA was determined based on the
absence of any other cause for the OHCA, such as trauma, drowning or

poisoning.[7, 22]

The Utstein data were registered by both the ambulance units and the
physician-staffed rapid response unit. These data were crosschecked against
each other before being entered into the study database. Outcomes, CPC
scores and in-hospital data were obtained by reviewing the patient’s hospital

record. The data from 846 OHCA patients were analysed (Figure 1).

The scientific use of the data was approved by the Regional Committee for
Research Ethics (RCE), the Norwegian Social Science Data Service (NSD)

and the central office for national registration.
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Figure 1: Inclusion of patients with OHCA from January 1, 2001, to December
31, 2008.
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4.3 Paperll
This is a prospective observational study.

4.3.1 Study population

The study area is described in section 4.1.1.; the EMS response is described

in section 4.1.2.1-2. During the study period, the 2005 ERC resuscitation

guidelines (with Norwegian alterations) were followed.[40, 120] The Utstein
data collection for this study was similar to the methods that are described in

section 4.1.4. The study population is presented in Figure 2. Blood samples

and datasets from 127 patients were further analysed.

Figure 2: Inclusion of patients with OHCA between February 2007 and

November 2010.
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4.3.2 Ethical Considerations

To analyse the impact of ACE polymorphisms on achieving ROSC, we
collected blood samples from OHCA patients during the resuscitation process.
This procedure leads to challenging ethical questions. In the proposal to the
RCE, the questions of informed consent and consent obtained by the next-of-
kin were addressed. In all scientific research, informed consent of the
participating persons must be obtained.[125-127] In medical emergency
situations in which immediate action is required, an undisturbed decision is not
possible for the patient. In addition, the patient may be under physical and/or
emotional distress or may even be unconscious. Therefore, it is not possible to
obtain informed consent before blood samples are drawn. The RCE accepted
that informed consent could be obtained retrospectively, either directly from
the patients (if they regained the ability to consent) or from the next-of-kin (in
cases where the patient did not survive or did not achieve an adequate
neurological recovery). If the next-of-kin had to be contacted, this was done
several weeks after the OHCA event to allow the patients’ relatives to cope
with the experience of the loss. In all cases, both oral and written information

were given, and signed approval was obtained.

The EMS teams were continuously informed about and integrated into this
process. Teaching sessions to describe the ethical and practical challenges of
this research were performed for all participating EMS personnel. It was
always emphasised that the blood-collection process should never disturb or
delay established BLS, ALS or other operational procedures. If the
resuscitation process was terminated because no ROSC could be established,
the deceased was no longer within the scope of accountability of the EMS, and

no blood samples could be collected after death was declared.
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4.3.3 Collection and analysis of genetic material

A peripheral vein was accessed, and 10-20 ml of blood was withdrawn. Blood
samples were either drawn on scene or upon transport to the hospital (among
patients with ROSC). These samples were transferred to the hospital, and
special research personnel were called to register and prepare the blood
samples for storage at -80 °C until analysis. Genetic analyses were conducted
using all of the samples together after the termination of the study. The ACE
polymorphism analysis was determined using polymerase chain reaction
under standard conditions as described by Takemoto.[128] The presentation
of the three ACE gene polymorphisms was performed separately but also
aggregated into two groups; ACE Il and ACE DD/ID, as described by
Kehoe.[112]

4.4 Paper lll

This is a retrospective, observational study of prospectively collected OHCA
data from three university hospitals using a standardised post-resuscitation

treatment protocol.

441 Study population and participating hospitals

This study was performed with in- and pre-hospital data from the University
Hospitals in Bergen, Oslo and Stavanger. All three ICUs had standardised
treatment protocols for unconscious OHCA patients, including TH and
emergency PCI, where applicable.[12, 46] Prognostication was primarily based
on clinical examination in the three ICUs.[129] The EMS in the Bergen and
Oslo areas are comparable to the system that is described in section 4.1.2.1-3.
From January 2004 to January 2008, all unconscious adult OHCA patients
with ROSC that were admitted to the ICUs were included. Patients with OHCA
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of both cardiac and non-cardiac origins were further examined, while
conscious patients and patients with OHCA of traumatic origin were excluded.
Only a few patients were admitted to the emergency department while
receiving on-going cardiopulmonary resuscitation (CPR). These patients were
included if ROSC was established in the emergency department; otherwise,
these patients were accounted for as pre-hospital non-survivors and not
included. Figure 3 shows the study population. A total of 715 datasets from

OHCA patients were examined.

Figure 3: Inclusion of patients in the study population from January 2004 to
January 2008.
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4.4.2 Data collection and ethical approval

All three of the study sites provided data from their pre-hospital OHCA
registers, ICU and hospital quality assurance databases, and the Northern
Hypothermia Network databases.[7, 45, 130] A study protocol including all of
the data points and their definitions was composed. Each hospital was
responsible for verifying and controlling data input according to the study
protocol. The NSD and RCE approved the use of data for this study.



43

4.5 PaperlV

This is a retrospective observational study of prospectively collected OHCA

data.

4.51  Study population, EMS and receiving hospital

The EMS, the receiving hospital and the implemented resuscitation guidelines
are described in sections 4.1.2.1-3. and 4.1.3.
A total of 213 patients were examined in the study population as presented in

Figure 4.

Figure 4: Inclusion of patients in the study cohort between July 2002, and June
2011.
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4.5.2 Data collection and ethical approval

Pre- and in-hospital data collection for this study was performed according to
the methods that are described in section 4.1.4 (paper |). The date of death for
patients who were discharged from the hospital was accessed from the
Norwegian national register via the hospital data system. The causes of death,
expected remaining lifetime and mortality rates were obtained via Statistics
Norway.[131-133] The RCE approved the use of the data for this study.

4.5.3 Potential life years saved

Potential life years saved were calculated based on the assumption that our
cohort of survivors discharged after OHCA had the same life expectancy as

the rest of the age and gender matched Norwegian population.
454 Standardised mortality rates

The SMR describes the relative risk of death within a study cohort compared
to the general population. The mortality rates for the general population in
Norway are provided by Statistics Norway as the deaths per 100 000
Norwegians. We calculated the SMR for each year after the OHCA event and
for the whole observation period based on the observed mortality in the study
cohort, the time under risk of the study population and the mortality rates as

given by Statistics Norway.
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4.6 Statistical analyses

In the four papers that are presented in this thesis, the following statistical
analyses were used where appropriate:

The chi-square test and Fischer’s exact probability test were used to examine
different proportions for categorical variables. The independent samples t-test,
the Mann-Whitney U test and the Kruskal-Wallis test were used to identify

between-group differences for continuous variables.

A multiple logistic regression analysis was used to model the effect of the
explanatory variables on the dichotomous outcome variables. The goodness of
fit was verified by the Hosmer-Lemeshow test. To evaluate the confidence

intervals, bootstrapping was performed

In paper lll, a propensity score was calculated, and the logarithm of the odds
of the propensity score was added as a covariate in the multivariable logistic

regression model that evaluated the outcome variables.

In paper IV, log-rank tests and a Kaplan Meier survival analysis were

performed to analyse the survival of different populations.

The data were entered into FileMaker Pro databases (FileMaker Inc.; USA).
The statistical analyses were performed in SPSS/PASW (SPSS Inc.; USA).
The figures were constructed in SPSS and Microsoft Office (Microsoft
Cooperation; USA). Two-sided p-values<0.05 were considered statistically
significant. Table 1 provides the exact descriptions of the statistical tests that

were used in the individual papers.
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Table 1: Statistical methods that were used in the different papers

Test Paper | Paper | Paper | Paper
| | 1l v
Chi-square X X
Chi-square X X
+Yates correction
Fischer’'s Exact Probability X
Independent samples X X X
t-test
Kaplan Meier analysis X
Kruskal-Wallis X
Mann-Whitney U X X
Hosmer-Lemeshow X
Multiple logistic regression models X X X
Multiple logistic regression models + X
Propensity score
Bootstrap analysis X
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5. Main results

5.1 Paperl

The two time periods of 2001-2005 and 2006-2008 were examined, and no
significant differences regarding age (71 and 70 years (p=0.309)), sex
distribution (males 70% and 71% (p=0.708)), location of the OHCA (home 64%
and 63% (p=0.732)), proportion of shockable rhythms (44% and 47%
(p=0.261)), and ROSC (38% and 43% (p=0.136)) were found, respectively.
The rate of bystander CPR increased significantly, from 60% to 73%
(p<0.0001), as did the overall rate of survival to discharge, from 18% to 25%
(p=0.018). The EMS response time increased significantly from eight minutes
to nine minutes. In patients with a shockable first rhythm, the survival to
discharge improved from 37% to 48%, and the share of patients with a CPC 1-
2 increased from 87% to 99% (p=0.036). In this patient group, the one-year
survival increased from 30% to 43% (p=0.005). In patients with a witnessed
OHCA with a shockable rhythm, the survival to discharge increased from 37%
to 52% (p=0.0105). Based on the last three years of the study period, the
OHCA incidence in the study area was approximately 38/100,000 inhabitants

5.2 Paperll

In this study population, the mean age was 67 years, 86% of the patients were
males, the OHCA was witnessed in 79% of the cases, bystander CPR was
performed in 80% of the cases, and a shockable first rhythm was detected in
62% of the cases. The ACE Il polymorphism was found in 17% of the patients,
the ACE ID polymorphism in 52%, and the ACE DD polymorphism in 31%.
When using the descriptive grouping of ACE Il versus ID/DD with a correction
for other contributing factors in the multivariable analysis, we found no

significant effect of ACE genetic polymorphisms on the likelihood of ROSC.
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Comparing other ACE genotype groupings (lI/ID vs DD or Il vs DD) did not
change the overall finding of a lack of impact of the ACE genotype on ROSC

5.3 Paperlil

In this study, the mean age was 61 years, 73% of the patients were males,
and 73% of the patents had a cardiac origin of OHCA. TH was used in 70% of
all of the OHCA patients. The overall survival to discharge was 42%.
Increasing age predicted a lower likelihood of TH use (OR, 0.96 [95% CI, 0.94
to 0.97] p<0.001), as well as lower survival rates (OR 0.96 [95% CI, 0.94 to
0.97] p<0.001). Patients older than 80 years had worse outcomes, with only
18% surviving to discharge compared to the overall survival of 42%.
Witnessed arrest, shockable first rhythm, cardiac origin and bystander CPR
were positive predictors of the use of TH in the multivariable logistic regression
model, while increasing age and female gender predicted a lower rate of TH
use. This effect was also found in the subgroup of patients with shockable first

rhythm but disappeared in the non-shockable patients.

Cardiac origin and a shockable first rhythm were positive predictors of survival,
while increasing age, female gender and diabetes mellitus were negative

predictors.

A propensity score for the use of TH was included in a multivariable analysis
with survival to discharge as the outcome variable. However, the odds ratio for
the effect of TH did not change in this analysis. In the subgroup of patients
with a non-shockable first rhythm, age and cardiac origin were positive

predictors of survival to discharge, while TH treatment had no effect.
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5.4 PaperlV

In the study population, 81% of the patients were male, 91% had a cardiac
origin of OHCA, and 80% had a shockable first rhythm. TH was used in 81% of
patients and PCI in 78%. At discharge, CPC 1-2 was observed in 93% of all of
the patients. On average, patients were observed for 4.3 years, yielding a total
of 920 patient years. During the observation period, 25% of the patients died,
with a mean age of 74 years. The main cause of death was cardiac disease.
Taking age and gender of the study population into account, an average of 23
life years per patient were gained through the resuscitation effort. A Kaplan-
Meier analysis revealed that OHCA patients had shorter observed survival
times compared to those of an age- and gender-matched population. These
findings were more prominent in patients with non-cardiac OHCA compared to
those with cardiac-origin OHCA and for patients with non-shockable rhythms
compared to those with shockable rhythms. An age- and gender-matched
population would have had a mortality rate of 11%, while the observed
mortality rate in the study population was 25%. Thus, the standardised
mortality rate (SMR) was 2.3. Patients with non-cardiac OHCA had a higher
SMR (5.0) [95% CI 2.3-51.5] than did those patients with cardiac-origin OHCA,
who had an SMR of 2.1 [95% CI) 1.7-2.7].

We calculated the specific SMR for cardiac death by relating the observed
number of deaths due to cardiac disease in the study cohort to the expected
number of deaths based on the age- and gender-matched population in the
county of Rogaland. A total of 20 males and 7 females died of heart disease
after discharge from the hospital, while the expected number would have been
0.48 for males and 0.05 for females. Thus, the SMR for death due to cardiac

disease was 42 in males and 140 in females.
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6. Discussion

This thesis provides an updated and comprehensive overview of the
epidemiology, treatment, and short- and long-term outcome of OHCA patients
in a specific region in western Norway that previously have reported high

survival rates after OHCA.

6.1 Paperlandll

In paper |, we reported that the survival to discharge increased from 18% to
25% in patients with an OHCA of cardiac origin and with a CPC 1-2 of 97% at
discharge. Furthermore, we measured an OHCA incidence of 38/100,000
inhabitants. However, it is difficult to identify the exact incidence and survival
ratios of OHCA in a population. The reported incidence and survival rates vary
widely. Several reasons for this variance are quoted in the literature.[14, 24,
134-136] First, the denominator for the calculation may be chosen in
accordance to the Utstein template and thus represent resuscitation attempts,
or calculations might be based on the estimated incidence per population
studied as the denominator. Usually, calculations based on the number of
resuscitation attempts will generate a higher rate of survival than if based on
the estimated incidence.[7, 16] Second, different interpretations of the Utstein
template definitions and variations in missing data may contribute to the
discrepancies in the reported ratios.[137] Recent years have observed an
increase in the reported incidence of OHCA.[84, 138-140] The main reasons
for this finding seem to be increased rates of bystander CPR and awareness
of the EDC, where both factors may lead to an increased registration of
OHCAs in a database.[141] Patients with witnessed OHCA and dispatched
EMS will usually be accounted for in the epidemiological group of
“resuscitation started”, with or without executed bystander CPR. Similarly,

patients with an unwitnessed OHCA but in whom bystander CPR was started
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almost always trigger continued CPR by the EMS and will usually be
registered in OHCA databases as a resuscitation attempt. Patients with an
unwitnessed OHCA and no bystander CPR may be found so late after the
OHCA that the EDC is able to unquestionably determine that no EMS
response is necessary, and the patient will be lost for registration as an OHCA
victim.[142] In papers | and Il, we found an increase in the resuscitation
attempts in our study area over the past decades. This result is in accordance
with other published results[10, 18, 141], and the increased resuscitation
attempts may indicate that our OHCA data registration is valid and reliable.[10,
18]

Outcomes in OHCA can be defined as the percent of ROSC, admittance to an
ICU, survival to discharge, or long-term survival.[143] Improvements in these
outcome rates are based on advances in every link of the chain of survival,
such as, “Awareness for OHCA, public education in bystander CPR leading to
increased performed bystander CPR, first responder teams equipped with
AEDs, PAD availability, dedicated EMS teams that follow resuscitation
guidelines, standardised post-resuscitation care in specialised centres and a
rigorous and in-depth registration of OHCA-associated events, treatments and
outcomes”.[12, 134, 144, 145]

During the two time periods that were compared in paper I, the percentage of
ROSC increased slightly from 38% to 43%, although this difference was not
significant. This finding is interesting because the two time periods correspond
to two different resuscitation guidelines. Some research has demonstrated that
the 2005 guidelines had a positive effect on the outcome,[146, 147] while other
studies did not.[148-151] However, even if the implementation of the 2005
guidelines did not result in a higher rate of ROSC, there was a significant
increase in the survival to discharge, and this finding might be contributed to

the revised guidelines. Still, resuscitation guidelines are the subject of
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research,[152] and the coming 2015 ACLS guidelines may help clarify some
controversies in pre-hospital ACLS. Procedures, such as airway manoeuvres,
mechanical chest compression devices and extracorporeal circulation devices
and the use of medications are continuously being studied to establish their

different impacts on the resuscitation process.[153-158]

ROSC as an outcome measure was also studied in paper Il. We examined
whether different ACE gene polymorphisms may impact ROSC after OHCA.
No correlation was found, despite the relevance of the ACE gene
polymorphism to major trauma and recovery from traumatic brain injury.[110,
112] The sample size of the study was likely too small to provide sufficient
statistical power to detect differences in the ACE I, ID and DD proportions.
This result is supported by the fact that the measured ACE genotype
distribution in the study population was comparable with the expected

distributions in a mainly Caucasian population.[159-162]

As reported above, the ROSC rates did not increase significantly during the
time periods that were studied in paper |. However, the survival to discharge
improved. We showed that the overall survival to discharge for OHCA of
cardiac origin increased from 20% to 25%. For OHCA patients with a
witnessed arrest and a shockable first rhythm, survival increased from 37% to
52%. In addition, 97% of all patients who were discharged from the hospital
had a CPC of 1-2. These numbers are high compared to previous
research.[16, 24, 135, 141, 163] In paper |, the rate of bystander CPR
increased significantly from 60% to 73% during the two time periods that were
examined. Furthermore, we also identified bystander CPR as a positive
contributor for survival to discharge, similar to previous findings.[164-169] The
increase in bystander CPR might be the main explanation for the improved
survival to discharge, but all together, the high survival numbers may also

reflect the permanent improvement efforts to the whole chain of survival that
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have been conducted in the study area in recent years.[18, 45, 46, 118-121,
129, 170-177]

Paper Il established a practical and ethically feasible way of collecting blood
samples from OHCA patients in the pre-hospital setting. This approach can be
used as an example for studies that require the collection of biological material
in pre-hospital setting. The described collection procedures also included
patients who later were declared dead on the scene, while most studies only
include patients who were admitted to the hospital. The specified ethical
details - such as preventing interference with the resuscitation process and the
process of consent after the OHCA - are applicable to other research projects
that are planned in the pre-hospital setting. The methods and the ethical
challenges were accepted by the participating EMS personnel. The important
rule that the blood sample collection should not interfere with the resuscitation
process may in the future lead to the need for extra staff on scene whom are
solely responsible for the collection of biological specimens. However, in this

study, the regular EMS staff was used for the collection process.

Most of the OHCA patients and/or relatives provided informed consent for
participation in the study, while one in five did not. If informed consent from
relatives was refused, the most frequently quoted reason was the wish not to
be reminded about the death of the deceased. Almost all of the patients who

regained consciousness consented to the study.
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6.2 Paper lll

In paper lll, factors that affect the decision to use TH and the related outcomes
were examined. TH was used in 70% of the patients. We found that the use of
TH was an independent predictor of improved survival in the entire study
population. However, for the subgroup of patients with non-shockable rhythms,
TH was not a significant predictor of survival. This outcome mirrors previous
reports of lower expected survival rates and a decreased effect of TH
treatment in this patient group.[178-180] In Norway, the use of TH is also
recommended in OHCA patients with non-shockable first rhythms [69], but
only 50% of these patients received TH treatment. These findings demonstrate
the continuous need for further studies in OHCA populations and for subgroup
analyses.[178, 179, 181]

Older age predicted the less-frequent use of TH and worse survival. This
phenomenon is also found in previous research, indicating that older age
might be an independent predictor of reduced efficacy of TH treatment.[175]
Additionally, decreased willingness of physicians to allocate ICU resources to
older patients has been described.[182, 183] In OHCA patients with a
shockable first rhythm, female gender was a predicting factor both for
decreased use of TH and lower survival rates, even when controlling for age
and comorbidity. Studies on the effect of gender on the outcomes in the ICU
and pre-hospital setting have reported conflicting results.[169, 184-186]
Gender remains an important factor in OHCA survival, and these results may
indicate that TH is underutilised in women. Furthermore, there are indications
that the effect of TH treatment in woman is different from that in men, but our
statistical analyses did not confirm this effect.[187] More research may
improve the understanding of gender specific factors in the resuscitation of
OHCA victims.[188]
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The study site was an independent predictor of survival for the whole cohort in
the logistic regression model. As far as we could evaluate, the in-hospital
course was similar for all three sites, which may indicate differences in pre-
hospital management in the different EMS catchment areas that were included
in this study. The time to ROSC was a positive predictor of survival in patients
with witnessed arrest. However, this finding is confined to this subgroup, and
we do not know whether it is applicable to the entire study population. Still, the
time to ROSC is an important factor in the resuscitation process when survival

to discharge is the primary end point.[16, 189, 190]

In 2013, a multicentre multi-national randomised controlled trial including more
than 900 OHCA patients (TTM trial) demonstrate no differences in the survival
to discharge regarding the outcome between patients who had a core
temperature of 33 °C versus 36 °C for 24 h in otherwise comparable groups of
OHCA victims.[191] This study questions the appropriate temperature for TH
treatment and whether the use of TH should be discontinued. Subsequently,
ILCOR recommends that post-resuscitation centres should continue with their
established practices while waiting for more data and revised formal
guidelines.[181] A recent study indicates that the positive effects of TH may
increase with the time to defibrillation and that this time could be interpreted as
resuscitation time,[192] while other researchers report that longer resuscitation
times are still associated with lower survival.[193] In addition, these results
indicate that the questions of which patient groups are eligible for TH
treatment, which is the optimal core temperature, the duration and onset of
cooling and which cooling technique should be used are still not fully
answered.[194-200]
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6.3 PaperlV

The description of the chain of survival frequently ends with the survival to
discharge numbers and CPC scores. Reporting the numbers of life years that
were gained by the successful resuscitation of OHCA patients adds important
socio-economic information to the resuscitation picture. In paper 1V, 213
surviving patients were followed after discharge from the hospital. Almost 23
potential life years were gained per patient, with a 5-year survival rate of 76%.
In the studied population, 90% had cardiac-origin OHCA. This rate is higher
than reported from King County, Washington, and may explain the higher 5-
year survival rate in Stavanger compared to the findings of US researchers
(75% versus 64%).[201] When comparing these numbers, one should also
account for the differences between the EMS systems in USA and Europe.[10,
18, 45, 46, 202, 203]. An earlier Norwegian study reported lower 5-year
survival rates than those that were observed in paper 1V.[204] This result may
reflect the continuous improvement of the chain of survival in the study area.
Patients with non-cardiac OHCA had lower survival compared to patients with
cardiac-origin OHCA. This outcome is in accordance with previous
findings.[13]

While brain injury is the major cause of death among OHCA patients during
hospitalisation,[205] cardiovascular diseases were the leading cause of death
during long-term observation after discharge. This outcome is in accordance
with previously published results.[206] Comparing the study population in
paper |V to a gender- and age-matched population, the study cohort had a
two-fold higher mortality rate. However, the risk of dying of cardiovascular
diseases increased by a factor of forty. This finding indicates a need for close
follow-up after discharge from the hospital, as well as a need for further
studies on the post-hospital course of OHCA patients who survive to

discharge. This need for more follow up is supported by findings from patients
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who were treated with PCI for STEMI. In these PCl-treated patients, those with
STEMI and following OHCA have higher long-term mortality than patients with
STEMI only.[207, 208]
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7. Limitations of the studies

Use of registry-based data in retrospective, observational studies such as
papers |, lll and IV has several limitations. First, the reliability of the data entry
must be secured. For all of the papers that were presented in this thesis, one
designated research nurse was in charge of continuously collecting and cross-
checking the data from different sources to reduce uncertainty and missing
data (Paper Il only at the Stavanger University Hospital). Second, there is
always the possibility of undocumented changes in medical management and
treatment in the study period that could not be detected or described in the
papers that were presented in this thesis. Third, the CPC score was used as
an outcome measure. This score is a crude measure and might not detect
small differences. In addition, the scoring was based on a retrospective
evaluation of the medical records and may contain uncertainties that cannot be
controlled for. A prospective study design would have addressed some of

these limitations.

Furthermore, in paper |, information about co-morbidity and ongoing medical
treatments could not be included due to a lack of data. This approach reduces
the strength of the described associations with ROSC and survival to
discharge because co-morbidity is an important factor that is related to
survival.[18] Other factors, such as different times to ROSC or a lower degree
of hypoxic brain damage with the use of the 2005 guidelines, that might also

influence the results the study design were not able to be accounted for.

In paper ll, the major limitation of the study is the small sample size. Genetic
studies often require sample sizes that are much larger than was possible in
this setting.[209] This fact could also explain why factors that are known to
have a positive association with ROSC did not show significant associations in

this work. The demand that the blood sampling process would not interfere
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with the CPR/ACLS process may have led to a non-representative study
population. This rule may explain the high proportion of patients with ROSC

and may thus have altered the results of the analyses.

For paper lll, a research protocol was agreed upon that included the exact
definitions of the different data points. However, data verification was
performed on site and may have varied, thus representing a confounding
factor. Furthermore, variations in the organisation of the three studied ICUs
may impact the clinical outcome. There may have been differences in the
diagnostic procedures, treatments or procedures for the withdrawal of life-
sustaining therapy that may have altered the results and reduced the
comparability of the institutions.

TH treatment was registered if the target temperature was reached. Thus,
there may have been more patients in whom there was an intention to treat

with TH but who were not registered as patients receiving TH treatment.

Paper IV is limited by a relatively small sample size and by variations in the
observation period. Discharged OHCA patients were consecutively included
during the study period, leading to variations in the observation time from one
to ten years. This approach may have resulted in an overestimation of the

number of life years that were saved.
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8. Conclusions and future research

This thesis provides a detailed picture of the chain of survival, from the OHCA
event to long-term survival, in the studied area. Good outcome was achievable
in every fourth resuscitation attempt and in every second resuscitation attempt
when patients had a shockable rhythm. We found that survival in patients with
OHCA was strongly connected to the recognition of the OHCA and early CPR
provided by bystanders. Only if these steps were taken, all of the other steps
in the treatment chain may have their maximum effect. Even if no association
between the ACE gene polymorphism and ROSC could be demonstrated, this
thesis presents a method of acquiring biological specimens in the pre-hospital
setting that is feasible and ethically acceptable and may be used in the future

for new research questions.

In-hospital standardised treatment protocols are important. This thesis has
demonstrated that in-hospital treatment for OHCA patients may vary, and that
international recommendations may be interpreted and used differently. A
widespread use of TH after OHCA is described in this work, however with

lower utilisation in some subgroups.

This thesis also demonstrates that the studied chain of survival gained many
life years in OHCA victims. In general, OHCA patients who were discharged
alive from the hospital had good neurological outcomes, but also an elevated
risk of early death due to cardiac causes compared to the normal population.
This indicates a need for close follow-up of OHCA patients after hospital

discharge.

This thesis describes a system with high survival rates after OHCA and the
findings may contribute to a further development of the chain of survival. The
discussion and limitations indicate areas where future research may increase

the long-term outcome of all OHCA survivors. Expanded prehospital treatment
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options, such as the use of mechanical chest compression devices and
extracorporeal circulation, may contribute to increased survival but are

presently not established or examined in the study area.
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9. Erratum

In paper IV, Table 2, second column, the word “Cardiac” is missing. It should

be placed before “Origin”.
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