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Abstract

Background/aims: Rurality poses a unique challenge to the management of out-of-hospital cardiac arrest
(OHCA) when compared to metropolitan (metro) locations. We conducted a systematic review of published
literature to understand how OHCA incidence, management and survival outcomes vary between metro and
rural areas.

Methods: We included studies comparing the incidence or survival of ambulance attended OHCA in
metropolitan and rural areas, from a search of five databases from inception until 9" March 2022. The primary
outcomes of interest were cumulative incidence and survival (return of spontaneous circulation, survival to
hospital discharge (or survival to 30 days)). Meta-analyses of OHCA survival were undertaken.

Results: We identified 28 studies (30 papers- total of 823,253 patients) across 13 countries of origin. The
definition of rurality varied markedly. There was no clear difference in OHCA incidence between metro and
rural locations. Whilst there was considerable statistical heterogeneity between studies, the likelihood of
return of spontaneous circulation on arrival at hospital was lower in rural than metro locations (OR=0.53, 95%
C1 0.40, 0.70; 1°=89%; 5 studies; 90,934 participants), as was survival to hospital discharge/survival to 30 days
(OR=0.52, 95% Cl 0.38, 0.71; 12=95%; 15 studies; 18,837 participants).

Conclusions: Overall, while incidence did not vary, the odds of OHCA survival were estimated to be
approximately 50% lower in rural areas compared to metro areas. This suggests an opportunity for
improvement in the prehospital management of OHCA within rural locations. This review also highlighted
major challenges in standardising the definition of rurality in the context of cardiac arrest research.



Introduction

Out of hospital cardiac arrest (OHCA) is a significant public health issue,* with an average global incidence of
approximately 55 adult cases per 100,000 person-years,> 3 and survival of less than 10%.! While average
survival is low, there is evidence that OHCA survival and incidence varies between jurisdictions (i.e. between
nations, provinces/states, or smaller government areas).>®> Such comparisons are important in highlighting
potential opportunities for improvement in the various factors that have been identified as contributing to
OHCA survival.®8 The early instigation of several modifiable factors have been shown to improve outcomes,
including early recognition of cardiac arrest during emergency calls, bystander cardiopulmonary resuscitation
(CPR), defibrillation, advanced life support and access to evidence based post resuscitation care.®1!

While a large focus of geographic comparisons of OHCA incidence and survival has been between jurisdictions,
another geographic basis for comparison is between rural and metropolitan (metro) populations. Studies have
suggested that rurality impacts the management and survival of OHCA> 2, however, the full impact has not yet
been thoroughly explored. Rurality is known to be a major factor impacting on many health outcomes,
including aspects of cardiac health. A systematic review by Butland et al* noted that compared to metro
areas, patients in rural areas travel further to access medical resources, and are less likely to participate in
prevention strategies, particularly programs targeting cardiac health. A review by Alanazy et al** reported that
patients in rural areas experienced longer EMS (Emergency Medical Services) response times, longer transport
times to health facilities and had poorer survival rates, across a range of health conditions. The aim of this
systematic review was to compare the incidence, management, and survival outcomes of OHCA between rural
and metropolitan locations.

Methods

This systematic review was conducted and reported in line with the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) statement.!®> Prior to commencement, the systematic review
methodology was registered in the International Prospective Register of Systematic Reviews (no.
CRD42021270207).

Eligibility criteria

Papers were selected based on predetermined inclusion and exclusion criteria as per the PECOST framework?®,
as follows:

P- The population of interest included adult/paediatric OHCA patients attended by EMS/ambulance in
any location internationally. There was no restriction on age, sex, arrest aetiology, diagnostic criteria
or witness status.

|Il

E- The exposure of interest was a rural/remote location. All definitions of “rural” (or variations of this
term) were accepted. Where a population density scale was used, the “rural” exposure was
considered met if the authors provided a definition of which population density range was considered
to characterize “rural”. Where no such categorisation of rurality was clearly specified, the paper was
excluded.

C- The comparator was metro/urban location, as specified by the study authors.

O- The outcomes of interest included cumulative incidence and any of the following survival
outcomes: Return of Spontaneous Circulation (ROSC), Survival To Hospital Discharge (STHD) (%) or
survival to 30 days (%) and survival to 1 year (%); or measures of effect (risk difference and risk ratio,
or odds ratio). To be included, the paper was required to report at least one of these outcomes-
incidence and/or survival.



S- All study types, including RCTs and observational studies, aside from grey literature and case
reports, were included. No restrictions were placed on country of origin, or language, however
abstracts were required to be in English.

T- No restrictions were placed on publication date

Search strategy and selection process

A search of the databases CINAHL, Scopus, EMBASE, Cochrane and Medline (from database inception) was
initially conducted on the 24t August 2021, and updated on 9" March 2022. The search strategy, developed
in conjunction with a Curtin University librarian, is shown in Appendix 1. Initial search results and screening
was managed in Rayyan.'” . The results were screened by two reviewers (AS and SM) independently, and any
disagreements were resolved with consensus or arbitration by a third reviewer (JF). Conference abstracts that
met the search criteria were included, with attempts made to source the published full text and contact the
authors where full text papers were not found. All reference lists for selected studies were searched for
additional studies.

Data extraction

Data were extracted from the selected studies using a pre-prepared data extraction spreadsheet. The data
extracted included study characteristics (publication year, country, study inclusion criteria), participant
characteristics (cohort/sample size, age range, sex), the definition of rurality, arrest characteristics (bystander
witness status, bystander CPR provision, initial shockable rhythm presence, AED usage, aetiology of arrest and
EMS response time) and outcomes (incidence and crude survival outcomes). The data extraction table was
reviewed by JF and SM prior to data extraction, and data entry verified by SM.

Critical appraisal

Critical appraisal was performed independently by two reviewers (AS and JF) using the Joanna Briggs Institute
(JBI) Critical Appraisal Tools.’® The appropriate checklist was selected according to the type of study. A series
of questions relevant to the specific study type were used to assess how the authors addressed bias and
confounding, the validity of the study and statistical analysis, and methodological reliability. In relation to
confounding, we focused on whether the study controlled for case mix, i.e., age, sex, aetiology and witness
status. The responses to the questions included “yes” (indicating higher quality), “no” (indicating poorer
quality) and “unclear”. Where disagreements arose, these were resolved by consensus, or arbitrated by a third
reviewer. The assessments were tabulated and included in Appendix 2.

Synthesis of results

All patient and arrest characteristics, and outcomes of interest were summarised in tables. Due to different
definitions of rurality between the studies, we regrouped the categories of some studies to enable a binary
metro vs rural comparison. For example, with studies that separately reported results for ‘suburban’ and
‘metropolitan’ categories, we combined these as ‘metropolitan’. Similarly, with studies that separately
reported results on ‘remote’, ‘very remote’ and ‘rural’ categories, we combined these as ‘rural’.

Cumulative incidence was presented for those studies that reported this variable. We produced forest plots
using RevMan?® of the effect of rurality on ROSC and STHD/survival to 30 days to display effect estimates and
confidence intervals for both individual studies and summary effects - using the Mantel-Haenszel random
effects model.?° Decisions about the conduct of meta-analyses were based on assessment of clinical
heterogeneity, methodological heterogeneity and statistical heterogeneity (I-squared statistic).?°



Results
Study selection

From n=16,646 records identified in the search, 28 studies (30 papers) were selected as meeting the inclusion
criteria (Figure 1). Title and abstract screening excluded the majority of the papers, primarily due to being
unrelated to OHCA, or lacking a geographical location focus. At the full text screening phase, studies were
excluded on the basis of the OHCA not being attended by EMS, no exposure of any participants to a clearly
defined rural environment, no direct comparison between OHCA patients within metro and rural areas, and no
reporting of OHCA incidence or survival outcomes. Two of the included studies?" 22 were conference abstracts.
Two studies?> ?* had two reports published per study; a conference abstract?>2°> and a peer-reviewed,
published journal paper.? % For both cases, the data was extracted from the journal paper.?> 2% A search of
the reference lists of the included papers returned no further relevant studies.

In addition to the 30 included papers, 4 papers?’-3® were initially classified as meeting the inclusion criteria but

subsequently excluded, for the reasons outlined in Appendix 3.

Study Characteristics

The included studies were conducted in different countries: four from Australia,? 2*2%31 five from the United
States,?> 263234 four from Ireland,3>38 three from Taiwan,?**! two from Norway,*> ** three from South Korea,**
46 two from Denmark,*”*® and one each from Canada,*® the UK,>® New Zealand,*! Poland®? and Finland.>® The
number of patients within the studies varied from 13734 to 325,477.2% Most studies reported on adult OHCA,
with only two studies including both paediatric and adult arrests.3® ¢ The reported aetiology within the
studies was predominantly “presumed cardiac”, with some studies reporting medical aetiology,?* 3> 3”43 and
some made no restriction based on aetiology.3® 4% 46485152 Equr studies 2% 2% 32 47 excluded cases on the basis
of missing location of arrest, with 11 additional studies?? 26 34 37,39, 41,43, 44,46, 48,53 axc|yding cases due to other
missing patient/case data. Other case exclusion criteria specified in the studies were: arrests witnessed by
EMS, 3L 32,35 37, 39,4345, 47 o Not Resuscitate (DNR) orders in place or resuscitation not attempted,3% 3% 36 38 39,41,
43,44,49,50, 53 traumatic or non-cardiac aetiology of arrest,?% 23 26, 31-33,35,37, 39, 41,43, 44,47 and patient age less than
18 years.?% 24 26, 29,32,33, 35,37, 39, 41, 43-45, 47 T\ o studies®> *® excluded cases where OHCA occurred in health
facilities, nursing homes or "transportation facilities” (e.g., airports and train stations). Four studies did not
specify exclusion criteria.2% 4042 52

The main study designs of the included studies were: cohort studies,?!-2% 26 29, 32-34, 36, 38, 39, 41-43, 46-50, 52,53 ¢ g
sectional studies3> 37:40: 44,45, 51 an( case series.3! The majority of included studies 2% 23 24 26,29, 31-33,35-37, 3, 41, 42,
46,47,49,50,52,53 had a primary aim of comparing OHCA incidence and/or survival outcomes in metro vs rural
locations, while eight studies3# 3% 40,43-45,48,51 had 3 different primary aim, but reported metro/rural differences
in their analyses. Some studies used overlapping cohorts (three Irish studies,?>*” two Norwegian studies*> %3
and two Australian studies?* ?°). Each of these studies were included as they differed sufficiently in their study
aims and the outcomes reported.

All of the included studies aside from two3?* 33 conducted an internal comparison between their metro and

rural sub-cohorts, drawn from the same population. Kragholm et al*> compared OHCA care and outcomes in
urban versus non-urban in two states (North Carolina and Washington State). The Vukmir study33 was a post-
hoc analysis of OHCA patients included in a randomised controlled trial of sodium bicarbonate; comparing the
survival outcomes and prognostic variables of OHCA cases across rural, suburban and urban locations.

The terminology describing the spectrum of rurality varied widely between studies (Table 1). “Metro” included
urban, semi urban, town, city and near village; “rural” included remote or regional. While the studies had wide
variation in their definitions of rurality (Table 1), most reported a comparison in a metro versus rural



context.2% 22 26,31, 32,34, 36, 38,39, 41, 43-45, 43, 52 Ty e|ve studies3® 3% 4153 ysed population density as the basis for
classifying rurality, with the threshold varying between studies. However, other studies compared three to a
maximum of six subgroups across the spectrum of rurality.?3 24 29 35 40, 42,47, 48,50, 51, 53 Eor example, two
Australian studies?” 2° compared rurality across five categories (major cities, inner regional, outer regional,
remote and very remote), and two Irish studies®> 37 used six categories (city, town, near village, remote village,
near rural and remote rural).

A number of studies?* 2% 3537 ysed ordinal scales to classify the spectrum of rurality, developed through
government derived classifications. The Australian studies?*2° used a geographical classification called the
Australian Statistical Geographical Classification- Remoteness Areas (ASGC-RA)>** (Table 1). This classification is
applied to Census Collection Districts, derived from the use of Accessibility/Remoteness Index of Australia
(ARIA), which uses a scoring-based system to indicate increasing remoteness and increasing distance to, and
reduced access to amenities.>> Two Irish studies® 37 used a similar scale to rank increasing rurality, using a 6-
category urban-rural spectrum developed by Teljeur and Kelly®® based on a similar premise as the ARIA scale.
The United States also uses a government-developed rurality scale, called the Rural-Urban Commuting Area
(RUCA) codes. This scale uses measures of population density, daily commuting and urbanization level to
classify census tracts into 10 primary codes and a further 21 secondary codes to represent the metro to rural
scale.>” Two of the American studies?® ?° also used the RUCA scale, however simplified this classification into
five categories for their analysis. One other American study?® also used this scale, however instead of
comparing on an ordinal scale across 10 primary codes, they simplified this to a binary comparison of rural vs
urban/suburban.

For the purposes of this review, we redefined geographic categories for eight studies?3 29 40 42,4648, 53 3¢ per
Table 2. As Kragholm et al®? reported two separate cohorts (North Carolina and Washington State) with a
metro/rural comparison, these cohorts were analysed separately as we acknowledge that these cohorts were
representative of two separate geographical areas.

Quality assessment

Given the observational design of all included studies, there was an inherent risk of bias.>® Further assessment
of the quality of the studies was conducted using the JBI quality assessment tools (Appendix 2). A number of
studies?!, 33 34.38,42,50,52 did not indicate adjustment for case mix or did not specify which variables were
adjusted for. Three studies3” %46 acknowledged an exclusion of cases due to missing data, without addressing
this or providing strategies to correct this. Two studies? 22 were conference abstracts, which did not provide
specific details regarding how rurality was defined, how statistical analysis was performed, or whether
confounding factors were adjusted for, and hence were considered to have a high risk of bias. No studies were
excluded on the basis of their quality assessment.

Results of individual studies

Table 2 summarises the patient and arrest characteristics and incidence/survival outcomes by rural/metro area
for each study. The main reported outcomes were ROSC and STHD, with 17 studies?!-23 26,31, 32, 36,39-41, 43, 44, 46-49,
52 comparing ROSC between rural and metro areas and 16 studies?3 31 32 34,36, 38,39, 41-46, 49,50, 53 compgaring STHD.
Only four studies reported survival to 30 days?* 4% 47:48 and three reported survival to one year.?* 3453 We
present data for STHD and survival to 30 days as alternative measures of survival (Table 2), with recent
evidence of these being interchangeable.”® Visual inspection of forest plots (Appendix 4) showed consistency
in the direction of effect across most of the studies. We decided to undertake meta-analyses to produce a
summary estimate of effect — however these results should be interpreted cautiously due to high I-squared
values. Some studies were excluded from the meta-analysis due to clinical and methodological heterogeneity,
with the specific reasons for exclusion described under the respective outcome below.



Incidence

Incidence rates for EMS attended OHCA were reported in 13 studies,?% 24 2% 31, 35-37, 41,43, 46,50, 51, 53 \yjjth nine of
those studies?* 31, 35-37,41,43,50,53 reporting EMS attended and treated OHCA. Two of these studies*? >3 only
providing overall incidence for the cohort rather than comparing metro and rural (Table 2). There was wide
variation among studies in the association between rurality and incidence. Within their cohorts, three
studies?? 651 reported higher incidence rates of OHCA in rural areas; whereas five studies3' 3>-37.%0 reported
higher incidence of OHCA in metro areas.

Return Of Spontaneous Circulation

The crude odds ratios (ORs) for studies?¥ 3136 44 47 reporting ROSC in rural vs metro areas at ED are presented
in a forest plot (Figure 2). There was a high level of statistical heterogeneity between studies; however, the
meta-analysis showed that the crude odds of ROSC at ED were lower in rural locations by 47% when compared
to metro locations across five included studies (OR=0.53, 95% CI 0.40, 0.70; 1>=89%; 5 studies; 90,934
participants) (Figure 2). Despite reporting ROSC at ED, the Sarkisian study*® was excluded from the meta-
analysis, as only cases with an AED applied prior to EMS arrival were included. The Pemberton study?® was
excluded from the meta-analysis as it reported standardised relative risk ratios of ROSC at ED. A sensitivity
analysis (Supplementary Table 1) was conducted after removing the Munot study?!, a conference abstract,
with only a minor effect observed (OR=0.49, 95% Cl 0.35, 0.67; 1>=82%; 4 studies; 75,027 participants).

Survival To Hospital Discharge/Survival to 30 days

A meta-analysis showed the crude odds of STHD/survival to 30 days was lower in rural locations by 48% when
compared to metro locations (OR=0.52, 95% Cl 0.38, 0.71; 1>=95%; 15 studies; 18,837 participants) (Figure 3).
For the majority of the studies, the crude odds of STHD/survival to 30 days were significantly lower in rural
areas than metro. However, five studies3* 3% 394153 had 95% Cls that included one. Three studies reporting
STHD/30 day survival were excluded from the meta-analysis due to methodological heterogeneity: Sarkisian et
al*® due to only including cases with AED application prior to EMS arrival; Wang et al*° due to only including
cases with CPR or mechanical ventilation on arrival at ED; and Grubic et al?® due to only including patients with
an EMS response time of less than 60 minutes. A funnel plot was conducted to assess small trial effects
(Supplementary Table 2), which showed no clear evidence of publication bias.

Other metro vs rural differences

In addition to the reporting of survival outcomes, Table 2 shows other metro/rural differences. A high
proportion of patients across the studies were male, with males generally representing a larger proportion of
the cases in rural areas than metro.?% 23 31,34,41,43,48,49,52 The ayerage age of the participants across all studies
and areas was approximately 60-70 years. EMS response time was shorter in metro areas than rural areas for
a” 13 reporting StUdies.zz’ 23, 31, 32, 38, 39, 41, 43, 44, 46-49, 52

Of the 17 studies?® 23 32, 34,3635, 42-49,52 comparing bystander witness rates between rural and metro areas, nine
studies?® 32 3437-39,42,49,52 ranorted higher rates in rural areas than metro; seven studies?" 3% 44#8 reported
higher bystander witness rates in metro areas, with one paper®® reporting that rates were equal in metro and
rural areas. The rate of bystander CPR across the studies varied widely. Of the 19 studies that reported
bystander CPR rates,Zl, 23, 26, 31, 32, 34, 36-39, 41, 43-49, 52 11 StudieSZS’ 31, 36-38, 41, 43, 45, 47, 48, 52 reported hlgher rates in
rural areas than metro. Kragholm et al3? reported mixed findings, with higher rates of bystander CPR in metro
areas of the North Carolina cohort, and higher rates in rural areas of the Washington cohort.

Of the studies?® 26 31,32, 34,3639, 41-50,52, 53 reporting the presence of initial shockable rhythm, little variation was
noted between metro and rural areas. Twelve studies?l 23 32 34,36,37, 39,41, 44,4749 renorted on AED usage, which



was higher in rural areas in five studies.3*36 3% 4144 Connolly et al*® was the only study to report higher rates of
AED use in metro areas. Four studies?®37 4748 noted similar AED rates between metro and rural areas. Munot
et al*! reported an overall rate of approximately 10% usage across metro and rural areas combined. Kragholm
et al*2 noted the rates of AED use varied between the two cohorts; the New Carolina cohort had higher rates
of AED use in metro areas, whereas the Washington cohort had higher usage in rural areas.

Discussion

This systematic review identified 28 studies (30 papers) that examined the difference between rural and metro
areas in the incidence and survival outcomes of OHCA. To our knowledge, this is the first systematic review to
evaluate the effect of rurality specifically on OHCA survival outcomes. Our review covered studies from a
variety of locations around the world, with varying methods for determining, and definitions of, rurality. We
found that the incidence of OHCA varied between studies and across metro and rural areas. We also found
that patients who experienced OHCA in rural areas had lower rates of ROSC and STHD/survival to 30 days
when compared to patients in metro areas. Across the studies, the average patient age, relative percentages
of male and female patients, initial shockable rhythm and bystander witness status were relatively similar
between metro and rural areas. Rural areas also experienced longer EMS response times in comparison to
metro areas. The findings from our review suggest that rurality has a much stronger effect on OHCA survival
than it has on OHCA incidence. A possible reason for this, is that whereas incidence can only be influenced by
factors that operate prior to the arrest (e.g. demographic composition and socio-economic factors), survival
may be additionally influenced by factors that occur as part of the OHCA Chain of Survival.®®

We observed a variety of means for identifying rurality internationally. The scales used to quantify rurality
varied from ranges in population density to scales of road distance to amenities. Population density scales as a
measure of rurality lacked information about distances to amenities, the availability of services, health services
provision and the geography of the area that they covered.®® The variation in terminology and definition made
quantifying and comparing “metro” and “rural” challenging. While the binary division of metro vs rural was a
common method of comparison across the studies, this division is inherently difficult in that it doesn’t consider
extreme ends of either category or the variability across the two categories. However, given the potential for
large differences in population, geography and available amenities, it is difficult to determine if a universal
scale of rurality is feasible or would benefit health service planning or research, which was beyond the scope
of this review.

There was wide variation in the incidence of OHCA across the studies. With less than half of the included
studies reporting incidence rates, similar rates were observed across metro and rural areas. This variation
could be reflective of differences in geography, population demographics, health services provision and
capability across the locations of the included studies.

Meta-analysis was conducted for ROSC and STHD/survival to 30 days, demonstrating that the odds of survival
in rural areas were lower than metro areas. All studies in the meta-analysis for ROSC showed lower odds of
survival in rural areas. The meta-analysis for STHD/survival to 30 days showed a small number of studies with
Cl’s that crossed one, however still showed lower odds of survival in rural areas.

While there was a strong overall pattern of OHCA survival being lower in rural areas than metro areas, the
meta-analyses showed a high level of heterogeneity between studies, with high I? values in all forest plots. For
the purposes of comparison, we reclassified various definitions of “metro” and “rural” into a binary categories
prior to meta-analyses to attempt to reduce methodological heterogeneity. Other factors, such as inclusion
criteria for the cases, also introduced heterogeneity; we excluded studies from meta-analysis that differed
significantly in their inclusion criteria. However, statistical heterogeneity was still noted, and these summary
effects should be cautiously interpreted.



The provision of early CPR and defibrillation are factors known to be linked to improved survival in OHCA.% 1% 1
Notably, EMS response time for rural patients was generally longer, which is known to contribute to poorer
survival rates.!? 36 62 63 |nterestingly, rural areas had lower survival rates despite higher rates of bystander CPR
provision and AED usage. This suggests that there are other important factors that outweigh the positive
effects of higher bystander CPR and AED use on survival in rural areas. One possibility is that the higher CPR
and AED rates in rural areas are partly due to the longer rural response times, in providing more time prior to
ambulance arrival in which CPR can be started, and in which AEDs can be accessed and used, albeit later after
the arrest. It was beyond the scope of our review to assess this possibility Other factors that were not
explored within this review that have been shown to contribute to lower survival rates in rural areas include
the clinical capability of EMS crews in rural areas, access to tertiary level care in hospitals (e.g., access to
cardiac catheterisation laboratories and intensive care units) and prolonged travel times to hospital.® In
addition, there may aspects of the provision of bystander CPR and AED shocks that differ between rural and
metro areas, such as the timing and quality of CPR provision, and the timing of AED shocks.

Limitations

We acknowledge that our search strategy was broad; this was intentionally developed to be sensitive rather
than specific to minimise the risk of missing relevant studies. Given the variability in rurality definition, the
assessment of the included literature required our judgement to combine some studies’ rurality groups to
enable comparisons. We reported crude numbers for survival outcomes for an overall affect due to the
variable methods of adjustment between the studies. A high degree of methodological heterogeneity existed
between the studies, limiting the inclusion of all studies in the meta-analyses, with some excluded because of
clinical or methodological heterogeneity. The results of the meta-analysis should be interpreted cautiously
due to high I? values.

Factors including EMS system composition and capability, hospital capability and comorbidities that may affect
survival outcomes were not considered within this review. Due to the low number of paediatric cases included
in the studies, we are unable to accurately assess the differences in paediatric survival outcomes in metro and

rural areas.

Conclusion

Overall, while there was no clear difference in OHCA incidence between metro and rural areas, the crude odds
of STHD are estimated to be approximately 50% lower in rural areas than metro areas . This suggests an
opportunity for improvement in the prehospital management of OHCA within rural locations. This review also
highlighted major challenges in standardising the definition of metro versus rural populations in the context of
cardiac arrest research.
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