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A B S T R A C T

The objective of this systematic literature review is to examine the impact of interventions to improve cardio-
vascular disease healthcare provided to people living in rural areas. Systematic electronic searches were con-
ducted in Medline, CINAHL, Embase, Scopus, and Web of Knowledge in July 2018. We included clinical trials
assessing the effectiveness of interventions to improve cardiovascular disease healthcare in rural areas. Study
eligibility assessment, data extraction, and critical appraisal were undertaken by two reviewers independently.
We identified 18 trials (18 interventions). They targeted myocardial infarction (five interventions), stroke
(eight), and heart failure (five). All the interventions for myocardial infarction were based on organizational
changes (e.g. implementation of mobile coronary units). They consistently reduced time to treatment and de-
creased mortality. All the interventions for heart failure were based on the provision of patient education. They
consistently improved patient knowledge and self-care behaviour, but mortality reductions were reported in only
some of the trials. Among the interventions for stroke, those based on the implementation of telemedicine (tele-
stroke systems or tele-consultations) improved monitoring of stroke survivors; those based on new or enhanced
rehabilitation services did not consistently improve mortality or physical function; whereas educational inter-
ventions effectively improved patient knowledge and behavioural outcomes. In conclusion, a number of different
strategies (based on enhancing structures and providing patient education) have been proposed to improve
cardiovascular disease healthcare in rural areas. Although available evidence show that these interventions can
improve healthcare processes, their impact on mortality and other important health outcomes still remains to be
established.

1. Introduction

Cardiovascular diseases (CVDs) are the first cause of death globally.
It has been estimated that 17.7 million people died from CVDs in 2015,
representing 31% of all global deaths. Of these deaths, an estimated 7.4
million were due to coronary heart disease and 6.7 million to stroke
(Benjamin et al., 2017; Katan and Luft, 2018). Important variations
across countries have been observed with regard to CVD risk factors,
disease incidence, and mortality (Christensen et al., 2009; Ali et al.,
2009; Heuschmann et al., 2009; Timmis et al., 2018; Metra et al.,
2016). Although age-adjusted cardiovascular death rates have declined
in several developed countries in past decades, rates of CVD have risen
greatly in low-income and middle-income countries, with about 80% of

the burden now occurring in these countries (Moran et al., 2014; Yusuf
et al., 2004a; Mendis et al., 2011; Feigin et al., 2009). Important var-
iations in the burden of CVDs have also been observed within countries.
For example, within countries variations in stroke mortality have been
identified in countries in Europe (Powles et al., 2002; Bottle et al.,
2018), North America (O'Neal et al., 2017), Australia (Jacobs et al.,
2018), Asia (Jacobs et al., 2018; Chen et al., 2015; Nishi et al., 2007), or
Africa (Powles et al., 2002; Walker et al., 2010; Walker et al., 2000).
Similar within countries variations have also been observed for is-
chemic heart disease (Jiang et al., 2012; Levin and Leyland, 2006;
Taylor et al., 1999; Zaman et al., 2007) and heart failure (Teng et al.,
2014; Clark et al., 2007; Gamble et al., 2011).

Health inequalities have been defined as differences in health status
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or in the distribution of health determinants between different popu-
lation groups (Kawachi et al., 2002). Gender, socioeconomic or ethni-
city related health inequalities have been frequently observed and are
well documented in the literature (Camargo, 2011). Geographic (urban-
rural) disparities in health have also been studied (Smith et al., 2008;
Eberhardt and Pamuk, 2004; Ricci-Cabello et al., 2013). Initially, it was
generally perceived that inequalities between rural and urban areas
were only restricted to a limited number of conditions or health pro-
blems more prevalent in the rural setting, such as occupational acci-
dents or paediatric traumas (Leonhard et al., 2015). However, in the
80's an increased awareness rose about the high prevalence of CVDs,
which, until then, had been considered as ‘urban’ conditions (Lewis
et al., 2000). Nowadays is widely accepted that the prevalence of most
chronic conditions is higher in rural than in urban areas, and that
distance to town is directly associated with a higher prevalence
(Corburn and Cohen, 2012; Khanal et al., 2017; Kyte and Wells, 2010).

These geographic inequalities can be partially explained by a higher
prevalence in rural areas of important CVD risk factors (abnormal blood
lipids, smoking, diabetes, and high blood pressure) (O'Donnell et al.,
2010; Yusuf et al., 2004b) which occurs as a result of the higher socio-
economic disadvantage, ethnicity, higher levels of personal risk and
more hazardous environmental, occupational and transportation con-
ditions experienced in rural areas (Smith et al., 2008). They can also be
explained by the existence of rural inequalities in healthcare provision,
which have been described for a number of CVDs, including ischemic
heart disease (Terkelsen et al., 2008; Alston et al., 2017; Alston et al.,
2016; O'Connor and Wellenius, 2012; Schröder et al., 2016), heart
failure (HF) (Havranek et al., 2004; Jin et al., 2003), or stroke (Mullen
et al., 2014; Koifman et al., 2016). Geographic differences can de-
termine important limitations in healthcare response to myocardial
infarction, such as, for instance, those related to a reduced availability
of centres with 24 h angioplasty and delays in receiving assistance due
to long distances to reach the appropriate healthcare facilities (Seabury
et al., 2017). In relation to stroke, rural areas are less likely than urban
areas to have specialized units for patients with this condition (only 1%
of individuals in rural areas live within a 60-minute ground ambulance
ride of a Primary Stroke Center (Mullen et al., 2014)), have less 24 h
brain imaging services, and less access to specialized consultations and
to rehabilitation units (Koifman et al., 2016). Although medical
thrombolysis is generally available for administration in all hospitals,
availability of percutaneous coronary interventions (PCI) is much more
limited (e.g., in Australia< 10% of emergency departments are located
in hospitals with cardiac catheterisation facilities, and even fewer in
hospitals able to perform immediate PCI) (Nadel et al., 2014). Re-
sources for heart failure patients, including but not only rehabilitation
services, are clustered in urban areas, with more limited availability for
those patients living in rural areas (Jin et al., 2003) - a situation that
leads to important inequalities in health outcomes for this group of
patients (Gamble et al., 2011).

Therefore, and not surprisingly, substantial efforts have been made
during the last two decades to develop and implement interventions to
improve CVD healthcare provision in rural areas (Carey et al., 2018;
Melvin et al., 2013). However, there is a knowledge gap in relation to
the potential efficacy of such interventions in improving processes and
outcomes of care, with no previous systematic review assessing the
available evidence base in this area.

The aim of this systematic literature review of clinical trials was to
examine the impact on processes of care and health outcomes of in-
terventions to improve CVD health care in people living in rural areas,
compared with usual care.

2. Methods

The present study is part of a broader program of systematic reviews
of interventions to reduce social inequalities in healthcare. The review
is reported according to the Preferred Reporting Items for Systematic

Reviews and Meta-Analyses (PRISMA) guidelines (Moher et al., 2009).

2.1. Information sources and search strategy

An information specialist designed and implemented a search
strategy in Medline (Ovid), CINAHL, Embase, Scopus, and Web of
Knowledge. The strategy (available in Supplementary Appendix 1),
which combined MeSH terms and keywords, was initially designed for
Medline (Ovid) and subsequently adapted to the rest of bibliographic
databases.

In addition, a number of searches using free text terms were con-
ducted in Cochrane Library, CRD Databases, metaRegister of Controlled
Trials, EURONHEED, CEA Registry, and European Action Program for
Health Inequities. Various gray literature sources, as well as reviews in
similar topics, were also consulted. The searches were executed in
December 2015 and subsequently updated on 31 July 2018. No lan-
guage or date restrictions were applied. A bibliographical database was
created using EndNote X7, which was used to store and manage the
references.

2.2. Eligibility assessment

We included studies examining the effectiveness of interventions
aimed at decreasing inequalities in the provision of healthcare to pa-
tients with CVDs living in rural areas.

We included clinical trials (randomized controlled trials, cluster
randomized controlled trials, non-randomized controlled trials, and
non-controlled before after studies). We excluded studies not including
a quantitative assessment of the impact of the intervention, and pilot
studies if data from the full trial was available. In order to reduce the
heterogeneity among interventions in countries with different levels of
resources, we also excluded studies conducted in countries not mem-
bers of the OECD at the time of the study identification stage. To
maximize the relevance and applicability of this review to the different
health systems in different countries, we broadly defined rural areas as
those geographic areas which are located outside cities and towns.

The titles and abstracts of the documents retrieved by the search
were independently screened by two reviewers for ascertaining elig-
ibility. Those fulfilling the inclusion criteria were selected for full text
assessment, after which a new independent assessment was performed,
in order to select the studies to include in this review. Disagreements
were solved through discussion with a third reviewer.

2.3. Data extraction and quality assessment

We designed and used structured forms to extract all the relevant
information from the selected publications, including information
about the methods and population characteristics, interventions, com-
parators, outcomes, timing, settings, and study design.

The methodological quality of the studies was assessed using the
“Quality Assessment Tool for Quantitative Studies” (Thomas, 2003),
and was classified in three categories (strong, moderate or weak) based
on six domains: selection bias, study design, confounders, blinding, data
collection, and withdrawals and dropouts. Two independent reviewers
extracted the information and conducted the quality assessment. Dis-
agreements were resolved by consensus with a third reviewer.

2.4. Data synthesis and analysis

Given the heterogeneity of the interventions and outcome measures
used in the trials identified in this review, it was not possible to conduct
a meta-analysis. Instead, a narrative summary of the study character-
istics and main findings was conducted. This information was organized
and summarized according to the different types of CVDs and of in-
terventions reported in the studies identified.

I. Ruiz-Pérez et al. Preventive Medicine 119 (2019) 132–144

133



3. Results

3.1. Study identification

The eligibility process of the original studies is summarized in a
PRISMA flowchart (Fig. 1). We retrieved a total of 6174 unique cita-
tions from database searches, and excluded 5885 based on title and
abstract review. We selected for review at the full text level 289 re-
ferences. Of the 289 full text publications examined, we excluded a
total of 271 publications. We finally included in the review a total of 18
trials (Askim et al., 2004; Audebert et al., 2009; Bohmer et al., 2010;
Caldwell et al., 2005; Coccolini et al., 1995; Demaerschalk et al., 2010;
Dracup et al., 2014; Hebert et al., 2006; Kinsman et al., 2012; Kinugasa
et al., 2014; Kitzman et al., 2017; McAleer et al., 1992; O'Callaghan
et al., 2012; Park et al., 2017; Roderick et al., 2001; Schweickert et al.,
2011; Switzer et al., 2009; Woollard et al., 2005; Young et al., 2016),
evaluating 18 different interventions.

3.2. Study characteristics

The characteristics of the included studies are presented in Table 1.
Half of the studies (50%) were published from 2010 onwards. Eight
were conducted in US, eight in Europe, one in Japan, and one in Aus-
tralia. The most common study design was randomized controlled trial
(56% of the studies), followed by non-randomized controlled trials

(28%), and non-controlled before-after studies (17%). The number of
study participants ranged from 11 to 3060 (mean= 352), and the study
duration ranged from three weeks to 60months.

In terms of outcomes, two studies (O'Callaghan et al., 2012; Switzer
et al., 2009) evaluated the impact of the interventions to improve
prevention (e.g. patient knowledge about early detection of stroke), six
(Caldwell et al., 2005; Coccolini et al., 1995; Demaerschalk et al., 2010;
Kinsman et al., 2012; Switzer et al., 2009; Woollard et al., 2005)
evaluated the impact on healthcare processes (diagnosis accuracy, time
to treatment, treatment adequacy), and 13 (Askim et al., 2004;
Audebert et al., 2009; Bohmer et al., 2010; Caldwell et al., 2005;
Coccolini et al., 1995; Demaerschalk et al., 2010; Dracup et al., 2014;
Hebert et al., 2006; Kinugasa et al., 2014; Kitzman et al., 2017; McAleer
et al., 1992; Roderick et al., 2001; Young et al., 2016) on health out-
comes (mortality, hospital readmission, and dependency, among
others).

In terms of the risk of bias of the included studies (Fig. 2 and
Table 2), six studies presented high methodological quality (Askim
et al., 2004; Audebert et al., 2009; Bohmer et al., 2010; Demaerschalk
et al., 2010; Dracup et al., 2014; Roderick et al., 2001), six moderate
(Caldwell et al., 2005; Coccolini et al., 1995; Hebert et al., 2006;
Kinugasa et al., 2014; Switzer et al., 2009; Woollard et al., 2005), and
six weak (Kinsman et al., 2012; Kitzman et al., 2017; McAleer et al.,
1992; O'Callaghan et al., 2012; Switzer et al., 2009; Young et al., 2016).
Most frequent risks of bias were related to inadequate blinding (twelve
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Fig. 1. PRISMA flowchart.
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studies), selection bias and withdrawals and dropouts (nine studies).

3.3. Characteristics and effectiveness of the interventions

Seven interventions consisted in the implementation of organiza-
tional changes aiming at improving healthcare processes in rural areas.
They included, among others, setting up mobile coronary care units
(McAleer et al., 1992), or implementing new clinical pathways on
thrombolytic administration for acute myocardial infarction (Kinsman
et al., 2012). Five interventions consisted in the provision of patient
education (e.g. to promote adequate self-care in patients with HF
(Dracup et al., 2014; Young et al., 2016), or to educate patients at risk
of stroke (O'Callaghan et al., 2012)), and six were multifaceted in

nature (combining organizational changes with provider or patient
education).

Eight intervention targeted healthcare to patients with cere-
brovascular diseases (Askim et al., 2004; Audebert et al., 2009;
Demaerschalk et al., 2010; Kitzman et al., 2017; O'Callaghan et al.,
2012; Roderick et al., 2001; Schweickert et al., 2011; Switzer et al.,
2009), five patients with acute myocardial infarction (Bohmer et al.,
2010; Coccolini et al., 1995; Kinsman et al., 2012; McAleer et al., 1992;
Woollard et al., 2005), and five with HF (Caldwell et al., 2005; Dracup
et al., 2014; Hebert et al., 2006; Kinugasa et al., 2014; Young et al.,
2016). A summary of the effectiveness of these interventions is pro-
vided below and in Table 3.

A. Interventions to improve healthcare provided to patients with
myocardial infarction (five trials)

Three trials evaluated interventions to speed-up the provision of
treatment for myocardial infarction prior patient arrival to the re-
ference hospital. Two of them (McAleer et al., 1992; Woollard et al.,
2005) were based on the provision of medical treatment in mobile
coronary care units, whereas the other (Coccolini et al., 1995) ex-
amined the impact of a new emergency room in a rural hospital with no
coronary care unit. The interventions significantly (p < 0.05) reduced
median time to treatment (55min (Woollard et al., 2005) and 75min
(Coccolini et al., 1995)) and mortality rates (30% reduction in 35 days
(Coccolini et al., 1995); 13.9% reduction in 1 year (McAleer et al.,
1992)).

Another trial (Bohmer et al., 2010) observed that an intervention
based on the immediate transfer for percutaneous coronary interven-
tion (PCI) of patients with acute myocardial infarction living in rural
areas with> 90-min transfer delays to PCI significantly reduced the
composite of death, reinfarction, or stroke at 12months when com-
pared to usual care (HR: 0.36, 95% CI 0.16 to 0.81). A trial examining
the implementation of an acute myocardial infarction clinical pathway
and its impact on thrombolytic administration in rural emergency de-
partments (Kinsman et al., 2012) reported no significant (p > 0.05)
improvements compared to usual care in median time to electro-
cardiogram, median door-to-needle time, and in the proportion of those
eligible receiving a thrombolytic treatment.

B. Interventions to improve healthcare for cerebrovascular diseases
(eight trials)

Two trials (O'Callaghan et al., 2012; Schweickert et al., 2011)
evaluated educational interventions to increase knowledge of stroke
risk factors and promoting early recognition of acute stroke symptoms
in elderly patients. One of them (Schweickert et al., 2011) compared
face to face vs telematic delivery, observing that both modalities were
associated with increased knowledge about stroke, although the tele-
matically delivered was more effective in improving behaviour to de-
crease vascular risk factors than the face to face modality. Another trial

Table 1
Study characteristics.

N 18 %

Publication year
Prior to 2002 3 17%
2002–2005 3 17%
2006–2009 3 17%
2010–2013 5 28%
2014–July 2018 4 22%

Study design
Randomized controlled trial 10 56%
Controlled before after study 5 28%
Non-controlled before-after study 3 17%

Number of participantsa 352 11–3060
Duration (months)a 16 0–60
Cardiovascular condition

Stroke 8 44%
Acute myocardial infarction 5 28%
Heart failure 5 28%

Country
US 8 44%
UK 3 17%
Norway 2 11%
Japan 1 6%
Australia 1 6%
Italy 1 6%
Germany 1 6%
Ireland 1 6%

Methodological quality
Strong 6 33%
Medium 6 33%
Weak 6 33%

Setting
Hospital 10 56%
Medical centre 3 17%
Emergency care 2 11%
Associate centre 1 6%
Mixed 2 11%

Intervention type
Organizational changes 7 39%
Patient education 5 28%
Multifaceted 6 33%

a Mean (range).
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(O'Callaghan et al., 2012) concluded that a short educational inter-
vention (one session, face to face) substantially improved patients'
knowledge about stroke (50% increase in Stroke Knowledge Score,
p < 0.05) when compared to usual care. A trial examining the impact
of using navigators to support community transitions in stroke survivors
reported lower rates of 30-day emergency department visits and hos-
pital readmissions in the intervention group (0% and 3.3% respectively)
when compared with a usual care control group (83% and 42%)
(Kitzman et al., 2017).

Three trials evaluated telehealth systems to remotely examine and
monitor stroke survivors (Audebert et al., 2009; Demaerschalk et al.,
2010; Switzer et al., 2009). One trial observed that a tele-stroke system
intervention was associated with a significant reduction of mean onset-
to-treatment time (127.6min in the intervention group vs 145.9min in
the control group) (Switzer et al., 2009). Another trial (Demaerschalk
et al., 2010) compared audio-visual telemedicine system vs telephone
consultations, observing no significant differences between both mod-
alities in the proportion of correct treatment decisions (85% vs. 89% in
the telemedicine and telephone group respectively), mortality rate (4%
vs. 11%) or rates of intracerebral haemorrhage (4% vs. 0%). Another
trial (Audebert et al., 2009) compared health outcomes in patients re-
ceiving stroke care in hospitals with specialized local stroke wards,
continuous medical education, and tele-medical consultation (inter-
vention group) vs. patients receiving stroke care in matched hospitals
without those services (control group), observing that, although the
intervention did not significantly reduce a composite of “death or in-
stitutional care” (p > 0.05), it resulted in a significant reduction of
“death and dependency” at 12months (OR, 0.65; 95% CI, 0.54–0.78)
and 30months (OR, 0.82; 95% CI, 0.68–0.98).

Two trials examined the impact of new or improved rehabilitation
services for stroke survivors. One of them (Roderick et al., 2001)
showed that a domiciliary rehabilitation service for stroke survivors did
not significantly improve physical function and social activity when
compared with usual care. The other (Askim et al., 2004) observed that
an extended stroke unit service with early supported discharge and co-
ordination of further rehabilitation significantly decreased social iso-
lation (p < 0.05), but did not improve mortality rates, the proportion
of patients independent 52weeks after stroke onset, or in-
stitutionalization time.

C. Interventions to improve healthcare in patients with HF (five trials)

Five trials examined the impact of interventions to improve
healthcare in HF patients (Caldwell et al., 2005; Dracup et al., 2014;
Hebert et al., 2006; Kinugasa et al., 2014). An education program with

a specific focus on disease management (symptom recognition and
management of fluid weight) significantly improved knowledge and
self-care behaviour but not HF severity (β-natriuretic peptide) in the
intervention group (Caldwell et al., 2005). A multifaceted program
(mainly based on patient education about how to self-titrate their daily
dose of oral diuretics/how to use β-blockers, but also involving open
access to the clinic for intravenous diuretics, and phone-based man-
agement) was associated with a significant reduction in mortality (ad-
justed hazard ratio 0.33, p < 0.001) when compared with usual care
(Hebert et al., 2006). A short (one session) educational self-manage-
ment intervention followed by follow-up phone calls did not sig-
nificantly reduce cardiac mortality after two years when compared with
usual care (Dracup et al., 2014). A multidisciplinary HF management
program involving a number of medical and non-medical interventions
(including optimization of HF therapy by cardiologist; cardiac re-
habilitation by physical therapist; patient education; pre-discharge as-
sessment of congestion, and; discharge care planning) significantly re-
duced HF hospitalization and all-cause mortality after (p < 0.001 for
the comparison pre-post program implementation) (Kinugasa et al.,
2014). A 12-week self-management training program delivered by tel-
ephone to HF patients discharged from a rural hospital improved pa-
tient-reported self-management at 3 and 6months post-discharge
(p < 0.0005), but no differences were observed in physical activity,
clinical biomarkers and 30-day readmission rates (Young et al., 2016).

4. Discussion

In this systematic review we examined the impact of 18 interven-
tions to improve cardiovascular disease healthcare in rural areas. Most
of the interventions for stroke and myocardial infarction consisted in
creating new structures or in improving or adapting the existing ones to
provide more timely access to healthcare. Although these interventions
improved health care processes, a positive impact on mortality or other
important health outcomes was not consistently observed. All the in-
terventions for heart failure were based on the provision of patient
education. They consistently improved patient knowledge and self-
management behaviour, but not mortality rates.

Previous systematic reviews have assessed the efficacy of interven-
tions to improve health care in rural areas for patients with other long
term conditions such as diabetes (Ricci-Cabello et al., 2013; Lepard
et al., 2015), obesity (Moore et al., 2016; Umstattd Meyer et al., 2016;
Cleland et al., 2017; Speyer et al., 2018), chronic obstructive pul-
monary disease (Brooke et al., 2017), asthma (Estrada and Ownby,
2017) or cancer (Davis et al., 2018). In line with some of our findings,
they provide evidence supporting the use of tele-health services; which

Table 2
Risk of bias of the included studies.

Author (year) Overall methodological quality Selection bias Study design Confounders Blinding Data collection Withdrawals and dropouts

Askim et al. (2004) Strong Strong Strong Strong Strong Strong Strong
Audebert et al. (2009) Strong Strong Strong Strong Moderate Moderate Strong
Bohmer et al. (2010) Strong Strong Strong Strong Strong Strong Strong
Caldwell et al. (2005) Moderate Weak Strong Strong Moderate Strong Moderate
Coccolini et al. (1995) Moderate Strong Weak Strong Strong Strong Strong
Demaerschalk et al. (2010) Strong Moderate Strong Strong Moderate Strong Strong
Dracup et al. (2014)/Park et al. (2017) Strong Strong Strong Strong Strong Moderate Strong
Hebert et al. (2006) Moderate Strong Moderate Strong Strong Strong Weak
Kinsman et al. (2012) Weak Weak Strong Strong Moderate Strong Weak
Kitzman et al. (2017) Weak Weak Strong Weak Weak Weak Moderate
Kinugasa et al. (2014) Moderate Moderate Moderate Strong Moderate Strong Weak
McAleer et al. (1992) Weak Moderate Strong Weak Moderate Strong Weak
O'Callaghan et al. (2012) Weak Weak Moderate Strong Moderate Weak Moderate
Roderick et al. (2001) Strong Moderate Strong Strong Strong Strong Moderate
Schweickert et al. (2011) Weak Weak Moderate Strong Moderate Strong Weak
Switzer et al. (2009) Moderate Strong Strong Strong Weak Strong Strong
Woollard et al. (2005) Moderate Strong Strong Weak Moderate Strong Strong
Young et al. (2016) Weak Weak Strong Weak Moderate Moderate Strong
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emerge as a strategy to increase access to services in rural and remote
communities (Estrada and Ownby, 2017; Banbury et al., 2014) that
may be as effective as face-to-face interventions (Speyer et al., 2018).
Other reviews conclude that most successful interventions are those
including multiple components (multifaceted interventions) (Ricci-
Cabello et al., 2013; Davis et al., 2018), interventions targeted to spe-
cific challenges (Estrada and Ownby, 2017), as well as community-
based (Moore et al., 2016; Cleland et al., 2017; Abbott, 2015) and
culturally adapted (Lauckner and Hutchinson, 2016) interventions.

The studies identified in our review evaluating the impact of in-
terventions for acute myocardial infarction observed that these inter-
ventions successfully reduced treatment times in patients living in rural
areas. It is worth noting however that most of these studies (carried out
more than a decade ago) involved the use of therapeutic fibrinolysis,
whereas nowadays the gold standard reperfusion strategy for ST-seg-
ment elevation myocardial infarction (STEMI) in developed countries
(which are the ones our review is focused on) is PCI (Ibanez et al.,
2018). According to US and EU guidelines, PCI superiority is however
time-dependent, and may disappear if time from STEMI to PCI ishigher
than 120min (Ibanez et al., 2018; Alame et al., 2017).

Although efforts should be made to provide a primary service of PCI
adherent to times recommended in clinical guidelines, this may be not
logistically feasible in all areas - and particularly challenging in those
with longer transfer times. Under these circumstances, thrombolysis is
still considered the standard procedure (D'Souza et al., 2011). Previous
studies have shown that fibrinolysis as a complement to PCI is asso-
ciated with decreased mortality (Abdel-Qadir et al., 2015).

Despite some heterogeneity in the observed results, telemedicine
interventions emerged in our review as a feasible and safe approach to
effectively reduce time to treatment, dependency and mortality. The
positive findings observed in our systematic review for telemedicine
interventions delivered to patients with cerebrovascular disease are
generally in line with available evidence from previous studies (Jauch
et al., 2013), including, but not only, evidence from randomized con-
trolled trials of telescopic consultation for acute cerebrovascular acci-
dent showing the effectiveness (Meyer et al., 2008) and cost-effective-
ness (Nelson et al., 2011) of using telestroke to support decision making
around the use of thrombolysis.

Telestroke systems enable access to specialized care in rural centres.
They allow a two fold increase in the number of patients with ictus who
can receive urgent neurological healthcare, and in the number of
thrombolytic treatments. Their use significantly reduces time to treat-
ment, and increases the number of patients treated within the first 3 h
(Zanaty et al., 2014). The American Heart Association/American Stroke
Association currently recommend the use of telestroke systems
(Schwamm et al., 2009a), and implementation guidelines are available
for a number of different healthcare systems (Schwamm et al., 2009b).

Intervention based on the provision of new or improved re-
habilitation services for stroke survivors did not improve mortality,
physical function or other important health outcomes, and those based
on education about stroke risk factors and early recognition of acute
stroke symptoms were effective in increasing knowledge and improving
behavioural outcomes.

All the interventions targeted to patients with HF were based on
patient education and successfully increased knowledge and improve
self-management activities. Reduction in mortality rates were also ob-
served in those cases in which the educational interventions were de-
livered by multidisciplinary teams which included social workers and
members of the community. The limited access to medical care in rural
areas could be effectively tackled by using a multidisciplinary approach
(Jaarsma et al., 2013), as suggested by several clinical guidelines,
which however do not provide a framework that could by universally
applied (National CGCU, 2010; Dickstein et al., 2010).

4.1. Strengths and limitations of the systematic review and of the available
literature

One of the main strengths of this study is the comprehensiveness of
the bibliographic searches. Systematic and manual searches were per-
formed in the most relevant bibliographic databases on biomedical
research, as well as in specific sites of gray literature. We applied robust
methods for study selection, data extraction and critical appraisal,
which were conducted by two independent reviewers to maximize the
validity and accuracy of the results of this review.

Our review also has some limitations. First, the review included
interventions to improve healthcare in countries with substantially
different healthcare systems, which may limit the comparability across
countries of the observed results. However, rurality poses similar
challenges in healthcare provision, and most of the interventions
identified in this review could be relevant in the countries selected for
this review. Second, we could not undertake a quantitative synthesis
(meta-analysis) of the study results due to the heterogeneity of the in-
terventions and outcomes reported in the studies identified in our re-
view. Finally, as observed in previous systematic reviews of interven-
tions to tackle social inequalities in healthcare provision (Ricci-Cabello
et al., 2013; Ruiz-Perez et al., 2017), most of the studies identified fo-
cused on developing and evaluating interventions to address the spe-
cific needs of the targeted disadvantaged populations (i.e., ethnic
minorities, patients living in rural areas, etc.), but did not compare the
impact of such interventions in disadvantaged vs. not disadvantaged
populations - therefore not being able to determine the extent to which
the interventions were successful at reducing geographic inequalities.
This, and the lack of studies about other important CVDs (such as
peripheral arterial disease, congenital heart disease, deep venous
thrombosis or pulmonary embolisms) are important limitations of the
available literature that need to be addressed by future research.

5. Conclusions

Evidence from methodologically robust trials suggest that inter-
ventions for acute myocardial infarction based on organizational
changes (such as the implementation of mobile coronary units) can lead
to clinically significant reductions in treatment time - a key aspect for
patients with myocardial acute infarction living in rural areas.

For stroke, available evidence shows that the use of telemedicine
systems is an effective strategy for monitoring patients in rural areas,
and can reduce time to treatment.

Educational interventions for HF patients can improve patient self-
management and knowledge about their condition. Management of HF
by multidisciplinary teams may decrease rehospitalisation rates and
mortality.

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.ypmed.2018.12.012.
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