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ABSTRACT

Background: Traditional variables used to explain survival
following out-of-hospital cardiac arrest (OHCA) account for
only 72% of survival, suggesting that other unknown factors
may influence outcomes. Research on other diseases sug-
gests that neighbourhood factors may partly determine
health outcomes. Yet, this approach has rarely been used
for OHCA. This work outlines a methodology to investigate
multiple neighbourhood factors as determinants of OHCA
outcomes.

Methods: A retrospective, observational cohort study design
will be used. All adult non-emergency medical service
witnessed OHCAs of cardiac etiology within the city of
Toronto between 2006 and 2010 will be included. Event
details will be extracted from the Toronto site of the
Resuscitation Outcomes Consortium Epistry—Cardiac Arrest,
an existing population-based dataset of consecutive OHCA
patients. Geographic information systems technology will be
used to assign patients to census tracts. Neighbourhood
variables to be explored include the Ontario Marginalization
Index (deprivation, dependency, ethnicity, and instability),
crime rate, and density of family physicians. Hierarchical
logistic regression analysis will be used to explore the
association between neighbourhood characteristics and
1) survival-to-hospital discharge, 2) return-of-spontaneous
circulation at hospital arrival, and 3) provision of bystander
cardiopulmonary resuscitation (CPR). Receiver operating
characteristics curves will evaluate each model’s ability to
discriminate between those with and without each outcome.
Discussion: This study will determine the role of neighbour-
hood characteristics in OHCA and their association with
clinical outcomes. The results can be used as the basis to
focus on specific neighbourhoods for facilitating educational
interventions, CPR awareness programs, and higher utiliza-
tion of automatic defibrillation devices.

RESUME

Contexte: Les variables classiques ne permettent d’expliquer
que 72 % de la survie des malades a la suite d'un arrét
cardiaque extrahospitalier (ACEH), ce qui donne a penser que
d'autres facteurs inconnus peuvent influer sur les résultats.
Des recherches sur d’autres maladies semblent indiquer que
des facteurs relatifs aux quartiers peuvent déterminer en
partie les résultats cliniques. Pourtant, ce type de recherche a
rarement été appliqué au contexte des ACEH. Sera exposée
ici une méthode visant a étudier différents facteurs relatifs
aux quartiers et a les considérer comme des déterminants de
résultats cliniques aprés un ACEH.

Méthode: Pour ce faire, nous avons mené une étude de
cohortes, rétrospective et observationnelle. Ont été retenus
tous les adultes non rattachés a des services médicaux
d'urgence, témoins d’un ACEH d’origine cardiaque, survenu
dans la ville de Toronto entre 2006 et 2010. Les renseigne-
ments sur les faits ont été tirés du site Resuscitation
Outcomes Consortium Epistry — Cardiac Arrest, une base de
données déja existante, située a Toronto, fondée sur une
population composée de malades consécutifs ayant subi un
ACEH. Pour ce qui est de la localisation, des systemes
d'information géographique ont été utilisés pour lier les
malades a des secteurs de recensement. Les variables
relatives aux quartiers devant étre examinées comprenaient
I'Ontario Marginalization Index (indice de marginalisation de
I’Ontario; privations, dépendance, origine ethnique et insta-
bilité), le taux de criminalité et la densité des omnipraticiens.
Une analyse de régression logistique hiérarchique a servi a
étudier I'association entre les caractéristiques des quartiers et
1) la survie jusqu’au congé de I'hépital; 2) le rétablissement
spontané de la circulation sanguine a l'arrivée a I'hépital;
et 3) les manceuvres de réanimation cardiorespiratoire (RCR)
appliquées par les passants. Des courbes caractéristiques de
la performance des tests ont permis d’évaluer la capacité du
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modele a discerner les variables qui comportaient ou non I'un
ou l'autre des résultats d’intérét.

Discussion: L’'étude permettra de déterminer le role des
quartiers dans le contexte des ACEH et d'établir des
associations avec les résultats cliniques. Les faits dégagés
pourront servir de base a la caractérisation des quartiers afin
de faciliter les interventions éducatives, la mise en ceuvre des

programmes de sensibilisation a la RCR et |'utilisation accrue
des appareils de défibrillation automatique.

Keywords: cardiopulmonary resuscitation, emergency
medical services, geographic information systems,
out-of-hospital cardiac arrest, residence characteristics

INTRODUCTION

Out-of-hospital cardiac arrest (OHCA) is a life-
threatening condition. Each year more than an esti-
mated 300,000 people suffer an OHCA in North
America." Despite recent advancements in prehospital
and emergency care, the prognosis in North America
remains poor, with on average less than 10% surviving,*”
an unfortunate trend that has remained relatively stable
over the past 30 years.’

Although early cardiopulmonary resuscitation (CPR)
and rapid successful defibrillation can improve survival
rates to almost 40%," it is highly dependent on numerous
factors as represented by the links in the cardiac chain
of survival, including immediate recognition of the
event and activation of emergency medical services
(EMS), early CPR, rapid defibrillation, effective advanced
life support, and integrated post-cardiac arrest care.’
The Utstein variables were formulated as a template for
cardiac arrest research and as a way to report the con-
tribution of individual links in the chain.® This template
also highlights core data elements necessary for OHCA
studies with the appropriate definitions (e.g., cardiac
arrest witness status, EMS response time, bystander CPR,
etiology). Researchers believed that these variables
would account for most, if not all, aspects of survival.

In 2010, Rea et al. demonstrated that the Utstein
variables accounted for only 72% of the nontraumatic
EMS-treated survival (c-statistic = 0.86), which suggests
that other unknown factors may influence outcomes.” But
despite the vast amount of evidence implicating the Utstein
variables as the main predictors of survival, few studies to
date have investigated non-Utstein variables as predictors
of survival and their influence on outcome variability.”’

In OHCA, socioeconomic status (SES)*'* and race/
ethnicity'*** have been studied in relation to survival-
to-hospital discharge and bystander CPR. These results
are often contradictory and inconclusive, and these
studies were limited in scope, only including one or two
non-Utstein variables.
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More recently, studies investigated the role of
multiple factors on OHCA outcomes by expanding
research from other disciplines, demonstrating that
location can influence health outcomes.”” Ahn et al.
used the Carstairs index as a composite measure to
relate neighbourhood deprivation to cardiac arrest out-
come in South Korea. They created deprivation indices
for each census tract by averaging the z-standardized score
across four census-derived indicators (overcrowding,
unemployment among economically active men, percent
in manual occupations, and lack of car ownership).
Districts were then categorized into five quintiles based on
level of deprivation. After adjusting for the Utstein vari-
ables, survival was significantly lower in the most deprived
neighbourhood as compared to the least deprived.*®
Sasson et al. evaluated collectively the influence of
neighbourhood median household income and racial
composition on the probability of receiving bystander
CPR." They found that when compared to high-income
Caucasian neighbourhoods, bystander CPR was less likely
to occur in all neighbourhoods except those racially
integrated with high median household incomes."?

Aside from a few prior studies, the majority of the
literature has explored SES as a single variable (i.e.,
median household income or property tax value) with
widely differing results. No study has been conducted
in a Canadian setting, and none has collectively evalu-
ated geographic, environmental, social, and cultural
factors. Despite numerous examples within the social
science and epidemiology literature where SES is
treated as a complex, multidimensional construct
encompassing varied socioeconomic and demographic
factors, OHCA studies continue to use single SES
descriptors in their analyses. This limitation might lead
to inaccurate conclusions or mask potential differences
in health-related outcomes.”” Furthermore, no previous
study has investigated whether non-Utstein factors
account for the remaining 28% of survival.

Given the previous limitations in the existing know-
ledge base, this study will investigate nontraditional
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determinants of OHCA outcomes in Toronto, Canada.
In particular, neighbourhood factors will be used to
investigate and potentially improve the understanding of
what influences cardiac arrest outcomes.

OBJECTIVES

The objective of this study is to describe the methodo-
logy that will be used to investigate the role of neigh-
bourhood factors as determinants of out-of-hospital
cardiac arrest outcomes. The specific research questions
are the following:

1. In OHCA patients, are patient home neighbourhood
factors associated with either survival-to-hospital
discharge or a return of spontaneous circulation
(ROSC) at emergency department (ED) arrival? Does
the addition of patient home neighbourhood factors
to the Utstein variables improve the overall discrimi-
nation of those variables?

2. In OHCA patients, are arrest location neighbour-
hood factors associated with bystander CPR? Does
the addition of arrest location neighbourhood
factors to the Utstein variables improve the overall
discrimination of those variables?

METHODS
Study design

A retrospective, observational cohort study design will
be used to investigate the relationship between neigh-
bourhood factors and cardiac arrest outcomes.

Setting and study participants

All patients who experience an OHCA within the
catchment area of the University of Toronto’s regional
coordinating centre are entered into the Resuscitation
Outcomes Consortium (ROC) Epistry—Cardiac Arrest
registry, whose methodology has been previously
described.”® Briefly, ROC Epistry—Cardiac Arrest
is a prospective population-based epidemiologic web
registry of consecutive OHCA patients assessed by
prehospital care providers. Prehospital care providers
complete standardized documentation after each car-
diac arrest, which is entered into ROC Epistry—Cardiac
Arrest. Collected data include patient identifiers, call
characteristics, prehospital interventions, and outcomes.
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An extensive quality assurance program is in place to
verify the accuracy of the study data.”®

Primary care paramedics provide prehospital care in
all regions and can perform CPR and semiautomated
defibrillation. First responders from local fire depart-
ments and advanced care paramedics are tiered to all
OHCA patients if and when available. Fire services
in Ontario are equipped with automated external
defibrillators and can perform basic life-support skills,
while advanced care paramedics are able to gain intra-
venous access, provide advanced airway manoeuvres, and
administer advanced life support (ALS) medications.

Inclusion and exclusion criteria for this study are
in accordance with the Utstein template.’ All adult
patients within the city of Toronto, age 20 + years, who
sustained a nontraumatic OHCA will be eligible for
enrolment. A minimum age of 20 years will be used to
be consistent with other literature’ and the Canadian
census age category definitions.”” Any patient who met
the criteria for obvious death (i.e., rigor mortis, lividity,
decapitation, hemisection, or decomposition), who had
a valid do-not-resuscitate-advanced directive, or whose
OHCA was witnessed by paramedics will be excluded.
Any patient who is missing adequate information for
geocoding will also be excluded.

Geocoding

The patient’s individual postal code will be used to
determine his or her neighbourhood.’® Unfortunately,
in health research, the use of the term neighbourhoods
(or community or area) is problematic because it has
been broadly used to determine health, yet rarely has
been consistently defined.”> Although there is no
standard definition of meighbourhood within the ROC
Epistry—Cardiac Arrest, census tracts will be used in
this project to define neighbourhoods. Census tracts
consist of relatively small homogeneous subsets of the
population with about 2,500-6,000 people (Figure 1)*!
and have been used previously when studying the role
of location in OHCA outcomes.®%!171%17:23.32

The patient’s home address will be used in the
analysis for survival-to-hospital discharge (and a ROSC
at ED arrival) under the premise that survival is
dependent on both the event and patient characteristics.
The patient’s home neighbourhood will be used as a
surrogate for patient characteristics, because previous
literature shows an association between home neigh-
bourhood and cardiac risk factors, unhealthy behaviours,
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Census Tracts of Toronto, Canada
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Figure 1. The 531 census tracts within the city of Toronto.

and overall health.”** The neighbourhood factors of
the arrest location (i.e., the pickup address) will be used
to study the effects on bystander CPR, because the
emergency response (i.e., bystanders and EMS/para-
medics) is contingent on the arrest location,'®3#¢=#

A patient’s home address is recorded as mailing
address with street name, street number, and postal
code, whereas the pickup address is recorded as a
mailing address, with latitude and longitude coordinates
and a Universal Transverse Mercator (UTM) value.”®
Postal codes will be the preferred source for identifying
addresses. Missing postal codes will be determined from
the street address,” the latitude/longitude, or UTM
values’® in a hierarchical fashion.

Postal codes will be linked to one of 531 nine-digit
census tracts through a Postal Code Conversion File.*”
Postal code conversion involves assigning each postal
code to a census tract based on “best fit” dissemination
area provided by Statistics Canada. In this approach, the
postal code is assigned to the census tract that best
covers the given postal code area. Each cardiac arrest
patient will be assigned the characteristics of the asso-
ciated census tract based on either the patient’s home
address or pickup address using geographic information
system (GIS) mapping technology.
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Neighbourhood variables

Neighbourhood variables to be included in the analysis
include 1) the Ontario Marginalization Index (ON-Marg),
2) the crime rate, and 3) the density of family physicians.
Each neighbourhood variable is expressed at the census
tract level.

The ON-Marg is a geographically derived index used
to study marginalization and highlight inequalities
in various measures of health and social well being
(Table 1).”! While previous indices relied heavily on
aspects of material deprivation (e.g., income, car and
home ownership, education), the ON-Marg reflects the
change in society where new inequality measures may
better reflect deprivation and health. Its dimensions
include 1) residential instability, 2) dependency,
3) material deprivation, and 4) ethnic concentration.”®
Crime rate is collected by the Centre for Research on
Inner City Health at St. Michael’s Hospital and is
expressed as a number of violent crimes per 100,000
people at risk. This variable will be used to describe
neighbourhood safety.’> The density of family physi-
cians is collected by the Institute of Clinical and
Evaluative Sciences and is expressed as a number of
family physicians per 100,000 people. This will be
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Table 1. Dimensions and census variables that make up the Ontario Marginalization Index.

Dimensions and Indicators

Residential Instability
Proportion of the population living alone
Proportion of the population who are not youth (aged 16+)
Average number of persons per dwelling
Proportion of dwellings that are apartment buildings
Proportion of the population who are single/divorced/widowed
Proportion of dwellings that are not owned

Proportion of the population who has moved during the past 5 years

Dependency
Proportion of the population who are aged 65 and older

Dependency ratio (total population 15-64 / total population 0-14 and 65+)
Proportion of the population not participating in the labour force (aged 15+)

Material Deprivation

Proportion of the population aged 20+ without a high-school diploma’

Proportion of families who are lone parent families

Proportion of the population receiving government transfer payments

Proportion of the population aged 15+ who are unemployed
Proportion of the population considered low-income*

Proportion of households living in dwellings that are in need of major repair

Ethnic Concentration*®

Proportion of the population who are recent immigrants (arrived in the 5 years prior to the 2006 Canadian census)

Proportion of the population who self-identify as a visible minority

*Aboriginal indicators did not load on any of the factors

For the 2006 index, the indicator is the proportion of the population ages 25+ without a certificate, diploma or degree. This is due to a change in the Statistics Canada definition
*Low income" is defined as below the low income cutoff (LICO), a Statistics Canada measure that is adjusted for community size, family size, and inflation

Adapted from Matheson (Can J Public Health, 2012)°

used as a surrogate measure of an individual’s access to
health care.”

Each of the six neighbourhood variables will be
converted from its continuous form into quintiles,
where quintile one will represent a disadvantaged
neighbourhood and quintile five will represent an
advantaged neighbourhood, to be consistent with pre-
vious literature that separates variables of interest by
quintiles.'**%! An analysis of variance (ANOVA) test
will be used to ensure that each quintile is significantly
different from one another across all variables.

Statistical analysis

Descriptive statistics will be used to assess the dis-
tribution of all variables. Continuous variables will be
summarized as means and standard deviations, whereas
categorical variables will be summarized as counts
and percentages. The distribution of each continuous
variable will be assessed for normality using graphical
interpretation and the Shapiro-Wilk test.

Unadjusted bivariate analyses will be performed to
assess for differences between the dependent and
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independent variables, using either a #-test for all con-
tinuous variables or an y” test for categorical variables.
Model diagnostics will be performed on all models,
and multicollinearity will be assessed using either the
tolerance statistics or variance inflation factor (VIF).
A tolerance of <0.4 or a VIF statistics of >2.5 would
indicate multicollinearity.

Logistic regression analysis will determine relation-
ships between the neighbourhood factors (in addition
to the traditional Utstein variables) and the outcome
measures. The regression model will adopt a hierarchical
modelling approach using generalized estimating
equations to capture variation within neighbourhoods as
a random effect. Patients will be clustered based on
census tract. This hierarchical approach also accounts for
the lack of independence between variables, an assump-
tion that would be violated if a single level modelling
approach was used. Eight models will be analysed. One
model (#1) will contain only the Utstein (or individual
variables). Six models (#2-7) will include the Utstein
variables and one neighbourhood factor. The final
model (#8) will include the Utstein variables and all
neighbourhood factors (Table 2). Odds ratios (ORs)
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Table 2. The variables that will be included in the model.

Variables #1 #2 #3 #4 #b #06 #7 #8

Utstein Variables v v v Vv Vv Vv V V/

Instability v v
Dependency v 4
Material Deprivation v v
Ethnic Concentration v v
Crime Rate v v
Density of Family Physicians v /

v indicates variables included in logistic regression model

The Utstein variables include: age, gender, location of arrest, bystander witness status,
bystander CPR, bystander AED, EMS response time interval, initial rhythm, advanced life
support skill, and ROSC at ED arrival.

(with 95% confidence intervals) will be used to display
the effect size of each independent variable. All statistical
analyses will be carried out using SAS 9.3 (SAS Institute,
Cary, NC). A two-sided p-value of <0.05 will be con-
sidered statistically significant.

Receiver operating characteristics curves will be used
to measure the model’s ability to discriminate between
those with and without the outcome of interest (either
survival-to-hospital discharge, a ROSC at ED arrival, or
bystander CPR >* The area under the curve (AUC)
will be used to determine the probability that a patient
will be correctly classified based on the outcome.

Discrimination will be calculated as ([AUC - 0.5]/0.5).
Choropleth maps

Visual maps will be created using ArcGIS 10 (ESRI
Canada Limited, Toronto, ON) to illustrate spatial
patterns in the data and assist in disseminating the study
findings to the general public who may not be familiar
with statistical methodology. These visual maps also
serve to drive further analysis and help generate
hypotheses for additional studies. Data will be exported
from SAS into a Microsoft Excel (Redmond, WA)
spreadsheet and subsequently imported into ArcGIS 10.
Unadjusted choropleth maps will be created using
census tract frequency counts for the outcome measures
and by quintiles for neighbourhood factors. Each map
will be set in the North American 1983 datum UTM

zone 17N coordinate projection system.
Sample size

Because ROC Epistry—Cardiac Arrest is a prospective

database, a power calculation will guide sample size
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calculations to define the smallest significant OR that
could be detected, given the fixed sample size and
outcome demographics. A 4-year period between
April 2006 and March 2010 was used to derive an
approximate sample size. An estimated 4,600 eligible
patients have a home address in Toronto, of which
approximately 18% had a ROSC at ED arrival, and
4.5% survived to hospital discharge. An estimated 5,100
eligible patients have a pickup address in Toronto,
where approximately 40% received bystander CPR.
Given these sample sizes, this study is powered to detect
a significant OR of 1.48 or greater for survival-to-
hospital discharge, an OR of 1.23 or greater for a
ROSC at ED arrival, and an OR of 1.18 or greater for
bystander CPR. All power calculations were carried out
using PASS (Power Analysis and Sample Size [version
08.0.8], NCSS Statistical Software, Kaysville, UT).

Research ethics

Individual research ethics boards (REB) at all 37 dest-
nation hospitals within the catchment area approved the
design and implementation of ROC Epistry—Cardiac
Arrest.”® An institutional REB at St. Michael’s Hospital
provided approval for all retrospective studies using the
ROC Epistry—Cardiac Arrest database. This study was
also approved by the University of Toronto REB,
which governs research performed by graduate students
at academic hospitals associated with the University of
Toronto.

DISCUSSION

To our knowledge, this will be the first Canadian study
to investigate both traditional and nontraditional factors
for OHCA outcomes. Although this study will not
directly change clinical practice, it will help advance the
understanding of a public health concern that kills over
90% of Canadians who experience an OHCA. Provided
that differences are observed, this study will also
highlight the role of neighbourhood inequalities in
explaining differences in survival. The results of this
study will be of interest to resuscitation researchers,
physicians, city planners, and policymakers because it
may lead to the implementation of policy and proce-
dures to optimize the delivery of care for specific
neighbourhoods. It will also help decision makers
plan future bystander CPR education programs and
community-based intervention programs for areas with
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low rates of bystander CPR. Knowledge of neighbour-
hood risk factors for cardiac arrests and their association
with population demographics could be helpful for
treating and counseling individual patients, but also for
planning EMS system response and community-wide
health programs that will aid the largest number of
citizens. It will also contribute to the existing health care
system by identifying neighbourhoods that could
potentially benefit from targeted policy and public health
interventions. With collaboration between scientists,
clinicians, policymakers, and elected city and health
officials, there is the potential for improving individual
and population health.

This study has many strengths. First, data will be
extracted from a reputable, research quality registry of
OHCA patients assessed by prehospital care providers.”®
This registry has been used to answer OHCA-related
questions, which have been incorporated into the current
American Heart Association guidelines.” The large
sample size provides adequate power to detect small
differences in outcomes. Second, the rigorous proposed
analytic approach uses hierarchical modelling to account
for patient and neighbourhood variables, and for patient
clustering within neighbourhoods. Without the risk
of multicollinearity, selecting a composite score will take
into account the complex and multidimensional aspect of
neighbourhood variables.”” Third, previous research
almost exclusively reported ORs, which is useful for
highlighting associations between predictor variables
and outcomes, but is limited for identifying the dis-
criminative ability of the independent variables.
Although identifying causal relationships are not possible
with this current design, this study will be the first to use
receiver operating characteristics curves as a quantitative
measure of a variable’s discriminative ability for
cardiac arrest outcomes. Furthermore, this study will
demonstrate how GIS mapping technology could be
adapted to explore a life-threatening public health con-
cern. Its detailed methods section provides a step-by-step
approach for using and adapting GIS technology to
prehospital care. Combining cardiac arrest data with this
technology provides a unique perspective about the
association between locations and OHCA.

This study has some limitations. It relies on postal
codes, UTM, or latitude/longitude to link patients
with the neighbourhood factors. Location errors could
result in misclassification, and then the patient would
be linked to the incorrect census tract, which could
introduce selection bias. An estimated 5% of cases will
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be excluded due to incomplete geographic information,
which is consistent with previous literature that has
excluded between 3% and 15% of eligible cases.'®™'#%¢
There are limitations associated with using census
data. Neighbourhood characteristics may not be gen-
eralizable to individuals within a given census tract.
Missing or incorrect data and low frequency counts
could also alter conclusions. Although census data have
their own limitations, they are one of the only popu-
lation level datasets available to researchers. To prevent
bias, Census Canada does follow up with any incom-
plete or unanswered questionnaires and adjusts the data
for households who do not return a questionnaire.”

CONCLUSIONS

"This paper highlights the methodology that will be used
to evaluate the role of the neighbourhood as determi-
nants of cardiac arrest outcomes, and whether those
factors improve the discriminative ability of the Utstein
variables.
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