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To the millions of patients that do not enjoy optimum care in resource-limited settings;
may research expose these inequities and propose contextual solutions to your

disease burdens.






ABSTRACT

BACKGROUND: Owing to an epidemiological transition observed throughout Sub-
Saharan Africa, South Africa is experiencing an increase in the incidence of
myocardial infarction. ST-elevation myocardial infarction (STEMI) occurs commonly in
South Africa and at much younger ages than observed elsewhere in the world.
Emergent treatment in the form of coronary reperfusion is required to reduce morbidity
and mortality following STEMI. Political and socio-economic factors have led to large
disparities in emergency healthcare access for many South Africans. Well organised
networks of care (coronary care networks, CCNs) that seamlessly integrate
prehospital care, in-hospital assessment and percutaneous coronary intervention is
recommended to reduce mortality for these patients. CCNs are underdeveloped and
under-studied in South Africa. To this end, the aims of this project was to examine the
current state of Coronary Care Networks in South Africa, a low- to middle income

country and to provide recommendations for future development of such networks.

METHODS: This project was comprised of four studies. Study | was a cross-sectional
descriptive study that aimed at determining the current PCl-capable facilities in South
Africa and sought correlations between the resources, population, poverty and
insurance status using Spearman’s Rho. Study Il utilised proximity analysis to
determine the average drive times of South African municipal wards (geopolitical
subdivisions used for electoral purposes) to the closest PCl-capable facility for each
South African province. It further determined the proportion of South Africans living
within one and two hours respectively, from such a facility. Study Ill combined data
obtained from Studies | and Il with network optimisation modelling to propose an
optimised reperfusion strategy for patients with STEMI, based on proximity, using the
North West province as a case study. Finally, Study IV employed qualitative
methodology to determine the barriers and facilitators to developing CCNs in South
Africa by performing interviews with individuals working with the South African

contexts of coronary care.

RESULTS: South Africa has 62 PCl-capable facilities, with most PClI-facilities (n=48;
77%) owned by the private healthcare sector. A disparity exists between the number
of private and state-owned PClI-facilities when compared to the poverty (r=0.01;

p=0.17) and insurance status of individuals (r=-0.4; p=0.27) (Study I). This means that



reperfusion by PCl is likely inaccessible to many despite approximately, 53.8% and
71.53% of the South African population living within 60 and 120 minutes of a PCI
facility (Study Il). Yet, we provide an efficient and swift model that provides a
recommendation for the best reperfusion strategy even in the instance of a large
amount of ward data with these additional constraints. This model can be run in real-
time and can guide reperfusion decisions at the bedside or form the basis of regional
reperfusion guidelines, and CCN development priorities (Study Ill). When considering
the local CCN, we found an under-resourced CCN that is not prioritised by policy-
makers and displays considerable variation in performance based on time of day and
geographic locale. Specific barriers to the development of CCNs in South Africa
included poor recognition and diagnosis of STEMI, inappropriate transport and
treatment decisions, and delays. Facilitators to the development of CCNs were
regionalised STEMI treatment guidelines, further research and prehospital
thrombolysis programmes (Study IV).

CONCLUSION: South Africa has a shortage of PCI facilities. Even in areas with high
concentrations of PCI facilities. In addition, many patients may not be able to access
care due to socio-economic status. When considering proximity alone, most South
Africans are able to access PCI within guideline timeframes. Despite this, prehospital
thrombolysis should still be considered in some areas — as demonstrated by a novel
approach that combines geospatial analysis and network optimisation modelling. This
approach is able to efficiently determine the optimum reperfusion strategy for each
geographic locale of South Africa. Current CCNs in South Africa are under-resourced,
over-burdened and not prioritised. Future efforts should aim at improving STEMI
recognition and diagnosis to decrease delays to reperfusion. The findings described
should be considered and integrated into a future model of CCNs within South Africa,
towards improving reperfusion times and finally morbidity and mortality.
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STEMI ST-segment elevation myocardial infarction
STROBE Strengthening the Reporting of Observational studies

in Epidemiology
B Tuberculosis
UA Unstable Angina

wWC Western Cape Province



1. INTRODUCTION

South Africa has historically been characterised by racial segregation and inequitable
development of healthcare and transport infrastructure to areas where specific racial groups
settled. This has further contributed to poor socio-economic development of these groups.
Previously only thought to be prevalent as a disease of affluence, cardiovascular diseases and
in particular, myocardial infarction (and ST-elevation myocardial infarction, STEMI) is

increasing.

To reduce the morbidity and mortality associated with STEMI, early care and coronary
reperfusion is recommended. Clear guidelines on the management of patients with STEMI are
available. These guidelines provide specific reperfusion timeline targets that will maximise

good outcome. Unfortunately, South Africa consistently falls short on achieving these targets.

Coronary care networks (CCNs) are comprised when elements of recognition, EMS activation,
early diagnosis, and early reperfusion (via prehospital thrombolysis, in-hospital thrombolysis or
PCI) seamlessly integrate. The aim of the CCN is to optimise each aspect of care and deliver

reperfusion based on accepted, evidence-based guidelines.

In South Africa, CCNs are underdeveloped and under-studied. This thesis integrates a series
of four studies and illuminates some of the specific shortfalls and potential solutions for the

intricacies of the South Africa coronary care system.






2. BACKGROUND

In recent times, the shift of care for patients with myocardial infarction has gone from
one where single, standalone hospitals aim at improving care for specific patients, to a
focus on rather developing coronary care networks. ' A coronary care network (CCN)
can be defined as the integration of the different aspects of a healthcare system, from
access to transport, patient assessment and diagnosis, and optimal treatment towards
time to reperfusion therapy in patients experiencing coronary events. ' Focusing on
CCN development, has been shown to reduce mortality, as delays in care are often
related to system-wide barriers, rather than individual aspects. To harness these
benefits, developing a CCN should take into consideration the geographic diversity,
availability of resources and infrastructure (including hospitals and roads), the specific
context of a healthcare system and healthcare funding models. ' Furthermore,
prioritising the development of CCNs should also be contextual to the epidemiology of
cardiovascular disease within a particular setting. In South Africa, the epidemiology of
cardiovascular disease is on the increase. 2 In order to appreciate the complexities of
developing CCNs in South Africa, it is essential to provide a background of the

geography, history and socio-economic development within the country.

a. SOUTH AFRICA IN CONTEXT

i. SOUTH AFRICAN GEOGRAPHY

The Republic of South Africa (RSA) is the Southern-most country on the African
continent and extends across a landmass of 1 220 813km?2. RSA is bordered by the
Atlantic Ocean on the West and the Indian Ocean on the Eastern shores. On the North,

RSA is bordered by Namibia, Botswana, Zimbabwe and Mozambique.

RSA has three capitals; Pretoria (executive), Bloemfontein (judicial) and Cape Town
(legislative). The country has a bicameral legislature that is elected democratically by
party-list proportional representation: National Parliament and the National Council of
Provinces. There are nine provinces in RSA (Figure 1) which are in turn divided into
district or local municipalities. Each municipality is responsible for developmental
planning, bulk supply of utilities, road maintenance and public transport systems.
Further administrative subdivisions exist, as each of these municipalities are divided into
a series of municipal wards where a local councillor is elected to the municipal council
and provides local representation and operationalisation of municipal plans. Provision of

healthcare and emergency medical services may be a provincial (regional hospitals) or



district municipal (smaller hospital and clinics) function. In order to, contextualise
healthcare access in RSA, it is essential first touch on politics, socio-economics and
historical inequities that South Africans faced. In light of this, the racial terms used are
consistent with terms in the South African census, is in common use in RSA and does

not promote or accept racial profiling of any kind.
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Figure 1 The 9 South African provinces

SOUTH AFRICAN HISTORY

South Africa was largely inhabited by indigenous KhoiKhoi, San and black African tribes. ># In
1652, the first European settlers arrived at the Southernmost tip of South Africa, Cape of Good
Hope (now in the Western Cape province, Fig 1). Despite resistance, early tribes were
violently dispossessed of their land, belongings and cattle and forced to work on the farms of
the settlers. By 1654, slaves were imported from Africa, India and Indonesia to supplement the
labour of local indigenous South Africans. * Under British rule from 1814, further inland
invasion and forced removal of indigenous tribes continued. Furthermore, Afrikaans-speaking
Dutch farmer settlers also continued inland claiming land and cattle. * The African Zulu tribe,
under the direction of Shaka kaSenzangakhona (son of the Zulu tribe chief), lead a series of
militaristic operations where other tribes were forcibly removed and driven away from their own
land extending eastward. The Zulu homeland was situated in what is now known as Kwazulu

Natal (Fig.1). * These series of militant land occupation by British, Afrikaners (Boers) and



African tribes continued for close on a century. Those who could not resist, were reduced to
tenant labourers, and driven into pre-circumscribed areas of land where they would live in
poverty, unable to own land. # Such enslavement is the cornerstone of the white Boer
economy. The discovery of gold and diamonds in the late 18" Century, lead to further large
scale importation of slaves and ruthless measures to secure cheap black labour as miners. 3
Due to restrictive laws on land-ownership, and racial segregation these workers were mostly

housed in over-crowded and unsanitary hostels with limited access to healthcare services. *

After British victory in the Anglo-Boer Wars, British rule was later handed over to the South
African white minority and the Union of South Africa was born in 1910. 34 The constitution of
the Union gave rights to the white minority yet removed the right to vote from many South
Africans. Racial segregation had been entrenched in South Africa from early on, but it was not
signed into law until the right wing National Party came into rule in 1948. Hereafter, a series of
laws that excluded non-whites from economic and political participation. When South Africa
became a republic in 1961, a second constitution was adopted, which largely took away the
rights of non-white citizens. Under this constitution, all South Africans were required to be
racially classified at birth into European (white), Asian (Indian), coloured, or Bantu (black). A
racial hierarchy was created where white people were most superior. 3 Where a person could
live and work was determined based on their racial classification. Furthermore, the quantity of
resources provided for education, healthcare and infrastructure development was also
throttled based on race and consequently, geographic locale. 2 This was termed, apartheid, an
Afrikaans term which means apartness. This saw the forced eviction of millions to return them
to their “original tribal homes” within rural and underdeveloped areas. Limited opportunities for
employment were available here, and those employed in urban areas had to carry passes that
provided permission for them to live and work there. This meant that many breadwinners left
their families impoverished, in order to seek employment elsewhere. In these areas,
healthcare complaints were mainly related to infectious diseases. 3 Healthcare services were
also segregated and infrastructure development was inequitably funded based on race. The
result was poor healthcare infrastructure, under-resourced hospitals and clinics and poor
healthcare access. Even to this day, the lack of historic healthcare infrastructure development
in these areas result in inequitable healthcare access for these marginalised communities. 3

This is also seen in the context of coronary care resources. °

The African National Congress (ANC) was formed in 1912 and protested all manners of
discrimination and segregation based on race or gender however, these protests were left
unheeded. The ANC became progressively more militant after the 1940s and were banned in
the 1960s. * Violent skirmishes between the South African police, the ANC and other anti-

apartheid movements increased as resistance escalated. The United Nations condemned



apartheid policies and urged member states to break diplomatic and trade relations. 4 Large
scale boycotts of the import of South African products to many countries were implemented,
and sanctions against the country were intensified; culminating in a declaration by the United
Nations that apartheid was “a crime against humanity” in the late 1960s.  Nelson Mandela, an
anti-apartheid revolutionary and political activist, was arrested and found guilty of sabotage
and conspiracy to violently overthrow the Apartheid Government in 1964. He was sentenced to
life imprisonment at Robben Island, a maximum-security prison that was used for political
prisoners during the apartheid regime. # Political uprising and community violence escalated in
the 1980s, leaving many districts ungovernable. A state of emergency was declared. * Further
boycotts to investment in South Africa and trade restrictions saw a slowing down of the South
African economy. RSA was fast becoming an outlaw to other nations who applied pressure
and called for the release of Nelson Mandela. In 1989, F.W. de Klerk became the new
president of RSA. In his opening parliamentary address as president in 1990, de Klerk
announced the abolishment of apartheid laws, lifting the ban against anti-apartheid
organisations and the release of political prisoners who were not convicted of common law
crimes. This included the release of Nelson Mandela a few days later. # A transition period of
negotiations ensued in RSA, culminating in South Africa’s first democratic election in 1994.
Nelson Mandela, leader of the ANC was elected as president of the new Republic of South
Africa. Under Mandela’s leadership, RSA adopted a new constitution in 1996, and is
considered one of the most advanced in the world. Under this Bill of Rights, no South African

may experience prejudice or oppression based on race, gender, sexuality or religious creed. *

Despite reform in the Bill of Rights, many South Africans are still suffering due to historic
disparate infrastructure development and limited opportunities for education and employment.
Furthermore, due to current socio-economic conditions, almost a quarter of a century later

adequate healthcare access may still not be possible for many.

SOCIO-ECONOMIC CONDITIONS IN MODERN DAY SOUTH AFRICA

South African poverty lines are calculated using a multimodal approach called the cost-
of-basic-needs approach. & This approach considers three costing aspects; the cost of a
reference basket of groceries which determines the food aspect of welfare, calculating
the cost of reference basket to meet normative nutritional standards (the food poverty
line), and finally adding non-food items to the cost of living (housing, education,
transportation). ¢ The reference food basket is comprised of the overall food
consumption patterns of South Africans. This is done by determining common foods

consumed by 10% of households, and then stratifying these items to be representative



of the majority of households at different income and expenditure levels. The non-food
item cost of living is determined in a similar fashion. ® These calculations are then
added to the food poverty line and compared between two sets of household income

cohorts, and thus provides a lower- and upper-bound poverty line. ©

The food poverty line for RSA is R441 (SEK 310) per capita per month. The lower-
bound poverty line is calculated at R647 (SEK 456) while the upper-bound poverty line
is R992 (SEK 699). ” These values are adjusted for inflation as at April 2015. 7

According to a report released in 2017, approximately 55.5% of South Africans live in
poverty (upper-bound poverty line, R992/SEK 699 per person/month). ” Even more
concerning is that more than a quarter of South Africans live below the food poverty line
(R441/SEK 310 per person/month). 7 Approximately 20% of the South African
population live in informal dwellings, 16% have no access to electricity and 54% have
no access to piped water in their household. Up to 5% of South Africans still don’ "'not
have access to sanitation services or use bucket toilets, while 18% of the population felt

that their physical safety was threatened when using shared or communal toilets. 8

From an educational perspective, only 28% of the population completed secondary
school, while only 4.5% of South Africans attended tertiary education. Five percent of
the population had no formal schooling. Despite this, RSA has a 94% literacy rate. The
black majority is mostly affected by poverty, poor basic services and poor education, 8
and is largely due to expenditure disparities during apartheid regimes. ® Importantly, an
increase in the incidence of lifestyle diseases such as hypertension and
hypercholesterolaemia, and ischaemic heart disease is appreciable in these
marginalised populations. ®-'" The chronic management of lifestyle diseases, as well as
acute presentations such as myocardial infarction, it is essential to ensure adequate
access to coronary care services for South Africans. Socio-economic status (SES),
poverty and education has been found to influence healthcare service use and
healthcare access. Considering that a large majority of South Africans live in poverty,
they may not have the means to fund healthcare, or transport to healthcare services.

Access to healthcare still remains a significant challenge in South Africa. 213



iv.

HEALTHCARE ACCESS IN SOUTH AFRICA

Every South African has a constitutional right to healthcare access. ' In this context,
healthcare access is defined as the provision of necessary medical services universally to the
entire population, while taking the individualised need of each patient into consideration. '3 In
essence, healthcare access should further allow a patient the opportunity to seek medical
attention and exercise educated choices within the healthcare system, while providing
conditions that are favourable to accessing this care. ™ These conditions relate to the social
and economic circumstances of the patient and healthcare system as well as the

infrastructures that connect the patient to the service. ™

RSA has two distinct healthcare systems, private healthcare and state healthcare. State
healthcare is that provided by the South African government to citizens while private
healthcare is only accessible to patients through funds to pay for the services, or those with
healthcare insurance aid. Membership to healthcare insurance was restricted to white people
until the 1970s. 2 Only 17% of South Africans currently belong to a healthcare insurance

scheme. 8

The private healthcare sector is much better resourced than the state sector. Healthcare
expenditure in the private sector is up to ten times per capita that reported in the state sector.
1314 Furthermore, in the private sector there is one medical specialist for every 500 patients,
while one specialist serves around 11 000 patients in the state sector. '* The state healthcare
system also only contains 20-30% of the cardiology resources of the country.®'> Poor
healthcare resources in the state sector, has been shown to limit the opportunities for
healthcare access in patients. '* However, even in the higher resourced private sector there
remains inequitable distribution of hospitals as 70% of facilities are located in 30% of the

country’s provinces. 3

Rural geographic, (and historically displaced and underdeveloped areas), poverty and race
still largely account for significant barriers to healthcare access. ™ Within coronary care,
healthcare access should universally relate to prevention and chronic control of risk factors,
and during acute coronary events such as myocardial infarction, emergency medical services,
and prompt transport to a healthcare facility that is able to provide the necessary treatment.
The specific integration of the latter aspects, are key elements of a CCN, which is largely
underdeveloped in South Africa. ' This is particularly concerning when considering an
increasing burden of cardiovascular disease and its risk factors, among rural and
impoverished communities. '®'” The need for developing these networks of care to facilitate

healthcare access becomes apparent.



b. EPIDEMIOLOGY OF CARDIOVASCULAR DISEASE

GLOBAL CARDIOVASCULAR DISEASE BURDEN

Cardiovascular disease (CVD) is considered one of the leading causes of death
worldwide, accounting for approximately 32% of deaths in 2013. '8 Globally, the risk of
premature death between the ages of 30-70 years that is attributable to CVD was
estimated to be 0.108 for men and 0.067 for women. '® CVD also accounted for 11% of
all premature deaths attributable to non-communicable diseases (NCD)s. '@ Finally,
cardiovascular disease accounts for the leading cause of death globally in patients older
than 40 years of age. '® Globally, the age standardised prevalence of CVD was 6,304
(6,196—6,383) per 100 000 population, in 2015. '°® Ischaemic heart disease (IHD) had a
global incidence of 1,663 (1,519—1,828) per 100 000 population in 2015. '° IHD
accounted for the largest proportion of CVD in the world, in patients over the age of 40
years, the economically active population. '® In fact, with 8.92 million deaths it was the
leading cause of death in the world, in 2015. '® Since 1990 many higher income
countries (United States of America, Canada, Western Europe, Australia and New
Zealand) have seen a significant decrease the prevalence of CVD. '° Similarly, there
has also been a decrease in mortality in many of these countries. Unfortunately, this
has not been the case in Sub-Saharan Africa and low- to middle income countries
(LMICs). '°

SUB-SAHARAN CARDIOVASCULAR DISEASE BURDEN

Urbanisation of the Sub-Sahara African population (SSA) has lead to a so-called
“epidemiological transition” of the disease burden. '° This transition sees a decrease in
the incidence of infectious diseases and an increase in the non-communicable disease
burden, including CVD. '° The epidemiological transition is fuelled by declining infant
and child mortality, declining mortality due to infectious diseases, and increased lifestyle
risk factors (obesity, diabetes mellitus, high stress, tobacco use, sedentary lifestyles),
secondary to urbanisation. '%29-22 Sych a transition is occurring at a much higher rate

than was observed during the urbanisation of higher income countries. °

Despite a paucity of epidemiological data on CVD within SSA, 23 it is suggested to be
the second leading cause of death after HIV/AIDS and, the leading cause of death in
patients over 30 years. 2224 In 2015, the estimated prevalence of CVD in southern SSA
exceeded that of the global prevalence at 7,668 (7,495-7,844) per 100 000 population.
9 IHD in turn, had a reported prevalence of 1,415 (1,264—1,595) per 100 000 population. °



Alarmingly, the incidence of CVD in SSA is expected to double between 1990 and 2030."022-25

Such increases in CVD and IHD are also expected in South Africa. 102627

SOUTH AFRICAN CARDIOVASCULAR DISEASE BURDEN

South Africa is currently experiencing a four-factor burden of disease. ? Despite dealing
with a large HIV/TB burden, continuing infectious disease burden and a high incidence
of violence and injury, South Africa is also facing an increasing burden of non-
communicable and lifestyle diseases — which is estimated to be two- to three-fold in
prevalence as in higher income countries. 22627 In keeping with the epidemiological
transition seen in SSA, RSA is experiencing large-scale increases in the incidence of
CVD. This is again, predominantly due to an increase in the lifestyle risk factors,

secondary to urbanisation. 2

There is limited epidemiological data related to CVD and IHD available in South Africa. %
However, some reports suggest the age-standardised prevalence of CVD in 2015 to be
between 7,101-8,400 and 8,001-10,100 per 100 000 persons for females and males
respectively. '® When considering IHD in isolation, the prevalence in 2015 was estimated
to be 500-1500, while the death rate was 258 ° (40 — 1800) '° per 100 000 population. In
2015 and 2016, ischaemic heart disease accounted for 2.7% and 2.8% of deaths in South

Africa. 28

Within South Africa, CVD presents much earlier in life when compared to higher income
countries. Almost half the deaths related to CVD occurs in patients between the ages 30
and 69 years, up to 10 years younger than that seen internationally. '°2¢ ST-segment
elevation myocardial infarction (STEMI, discussed below), which carries a higher
mortality, also tends to present more often in younger patients. 2°3° These premature
deaths create further socio-economic hardship as the breadwinners of impoverished
families are likely to be affected. In addition, it appears as though the impoverished,
rural communities in South Africa carry a disproportionately high CVD burden, 17 but
also have poorer access to care. >'33! In some of these rural areas, up to 77% of
patients report having had angina (or acute coronary syndromes) previously. *' When

CVD and IHD progresses, it may present emergently as acute coronary syndromes.

10



c. AcCUTE CORONARY SYNDROMES: UA, NSTEMI, STEMI

DEFINITIONS

The European Resuscitation Council (ERC) defines an acute coronary syndrome (ACS)
as the manifestation of coronary heart disease (CHD) and refers to three related, yet
distinct clinical entities: unstable angina (UA), non-ST-segment elevation myocardial
infarction (NSTEMI) and ST-segment elevation myocardial infarction. 32 The most
common pathophysiologic aetiology for the clinical manifestation of ACS is the rupture
or erosion of an atheromatous plaque within a coronary artery. This rupture and
consequent thrombus formation may lead to partial or total occlusion of the coronary
artery leading to myocardial ischaemia and eventually, necrosis. 3334 Clinically, ACS
most often presents with cardiac ischaemic chest pain, diaphoresis and shortness of
breath. In the elderly, patients with diabetes and in the female population however,
symptoms may be atypical or absent. 32 Nevertheless, the suspicion of ACS in any
patient constitutes a time-critical emergency that needs to be assessed further for risk
stratification. 3334 Following assessment, the most appropriate management strategy is
selected based on the manifest clinical entity: UA, NSTEMI or STEMI. 3435

Although similar in pathophysiology and clinical presentation, unstable angina (UA) is
different to NSTEMI and STEMI in its severity. 35 UA normally presents with chest pain
at rest that lasts longer than 20 minutes and often has a crescendo pattern (increasing
in intensity, frequency and duration) over time. *° However, the ischaemia produced is
not severe enough to cause significant myocardial damage which results in cardiac-
specific biomarkers (troponin) to be detected on blood analysis. 33:3° Although, UA

reflects developing severity of IHD.

Non-ST-segment elevation myocardial infarction (NSTEMI) does produce sufficient
myocardial ischaemia to cause injury that is detected on cardiac biomarker analysis.
33.35 Cardiac Troponin T and | (cTn T & c¢Tn |) are components of the myocardial
contractile apparatus and are found almost exclusively in the heart. 33 A diagnosis of
NSTEMI can be made in the presence of a cTn result exceeding the 99" percentile of
the upper reference limit of a normal reference population by at least one value; coupled
with a high pretest probability of myocardial infarction. 33 Although not specifically
diagnostic, both UA and NSTEMI may be associated with electrocardiographic (ECG)
findings of myocardial ischaemia (ST-segment depression, T-wave inversion) may be
present in up to 50% of patients. *° These findings have been shown to be predictive of

poor outcome later, prompting expedited reperfusion. ¢
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ST-segment elevation myocardial infarction (STEMI) is distinguishable from UA and
NSTEMI by the presence of new ST-elevation in two contiguous leads above the J-point
reference of at least 20.1mV in all leads except in leads V2-V3. 32 In V2-V3 the following
diagnostic cut-offs apply: 20.25mV in men <40 years of age, 20.2mV in men 40 years
and older, and 20.15mV in women. 33 In this manner, STEMI is a diagnosis based on
ECG findings, and therefore does not require the Cardiac Troponin T and | results to
initiate life-saving therapy. 2° STEMI accounts for just under half of all acute myocardial
infarctions (AMIs) in LMICs, % including South Africa. 3°

Although clinically similar entities, UA, NSTEMI and STEMI represent three different
spectra of the same pathophysiological processes and carry distinctly different risks of
outcome. 3° Based on the risk of death, each of the entities are also managed in
different manners. Reperfusion in STEMI should be facilitated promptly, as delays may
have a significant impact on morbidity and mortality. 3848 Studies suggest that every
one hour delay may increase the one-year mortality by 10-15% (Hazard Ratio 1.10; 95%
Cl 1.04-1.16). 4%4% |n patients who survive, delays to reperfusion were independent
predictors of development of cardiac failure (Hazard Ratio 1.10; 95% CI 1.02 to 1.17). %’
A more recent retrospective study suggests a 3% (OR 0.97; 95% CI 0.96-0.99) increase
in mortality for every one minute delay in PCI. #® Essentially, every minute matters. For
this reason, STEMI will be the focus of further discussion in the coming sections. The
mainstay of STEMI management is coronary reperfusion, either by means of
percutaneous coronary intervention (PCl), or thrombolysis. 2° If accessed timeously, PCI

is the preferred strategy. 2°

. MANAGEMENT OF STEMI

To facilitate the prompt management of STEMI, numerous interventions should occur at
various levels. The linking of these elements, recognition, diagnosis and reperfusion,
comprises a Coronary Care Network (CCN). When reconsidering the earlier definition of
a CCN, (the integration of the different aspects of a healthcare system towards
decreased times to reperfusion therapy in patients experiencing myocardial infarction)
these elements of management links seamlessly. Recognition is the first aspect that
initiates access to transport, diagnosis relates to patient assessment and optimal
treatment relates to the specific modes of reperfusion (PCI or thrombolysis) based on
geographic diversity, availability of resources and infrastructure (including hospitals and

roads), the specific context of a healthcare system and healthcare funding models. '
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EARLY RECOGNITION

The first step in the management of ST-elevation myocardial infarction is recognition of

symptoms. Recognition occurs at two levels: patient level and first medical contact.

Access into the CCN starts with symptom recognition by the patient. 2°°° Often, patients delay
seeking care after symptom onset. 55057 Patient delays may account for up to 59% of the
entire prehospital delay, 5° which delays first medical contact (see below). In South Africa, only
64% of STEMI patients seek care within 6 hours. 3 Reasons for patient delays have been
cited as misinterpretation of the symptoms by patients and 5%53-%° waiting for spontaneous
symptom relief. 535° Other factors associated with a delay in presentation are low SES, 555760
poor level of education, 5% and difficulty with arranging transport. 355" Such delays in

seeking care have been associated with increased mortality. 484961

First medical contact (FMC) is defined as the point where a patient is initially assessed by a
healthcare provider that is able to obtain an ECG and make the diagnosis of STEMI. 2° FMC is
essential in providing initial life-saving interventions (such as defibrillation), or initiating the
STEMI care pathways and expediting reperfusion. 2° FMC may either be a prehospital

provider, a general practitioner (family physician) or a physician in the emergency department.
29

The importance of FMC in early recognition of AMI and its impact on mortality has been
demonstrated in numerous studies. 2244°357.9862-67 tilising Emergency Medical Services
(EMS) as FMC has been found to decrease the times to reperfusion, 57:°8.62-64.68 while self-
transport, %268 or presenting to a general practitioner 38 was associated with significant
delays (in reperfusion). Similarly, ambulance use in STEMI is associated with improved
mortality. ® In South Africa, only 16%-51% of patients utilise ambulance transport when
presenting with STEMI. 335 At the lower end, this is considerably less than rates reported in
Singapore (35%), "° China (40%), % Ireland (40%), "' Sweden (51%), *® and Canada (68%). %
The higher end of ambulance use, again highlights the different disparities in access to
healthcare within South Africa. Reasons for low EMS usage in STEMI have been cited as
unfamiliarity with the emergency number, 572 a belief that own transport was faster 35871.72 or
easier, %72 and an ignorance of the severity of the situation. 5587172 Widespread public
education campaigns have been suggested to improve ambulance usage in STEMI however,

375 no such campaigns have been implemented in RSA.

In South Africa, the cost of transport to healthcare was previously subsidised but these
subsidies have since been withdrawn. " This has resulted in many South Africans being

unable to access healthcare even in emergency situations, as EMS access has been cited as
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inadequate at best and non-existent at worst. ® Considering the historic effects of
infrastructure development and current socio-economic situation within South Africa, it is not
surprising that delays occur. This is in stark contrast to higher income countries where basic

education and social development have underpinned economic growth.

Assuming the barriers of access to healthcare and transport can be overcome, further efforts
should be directed at early diagnosis of STEMI. % To this end, the European Resuscitation
Council recommends that a 12 lead ECG be obtained within 10 minutes of FMC, preferably in
the prehospital environment. 2 EMS, when accessible can therefore play a pivotal role in early

diagnosis.
EARLY DIAGNOSIS

Expeditious STEMI diagnosis by 12 lead ECG is recommended by the European
Resuscitation Council. 2° This recommendation rests on the presumption that early
diagnosis will mobilise faster reperfusion, towards an eventual improved outcome. 7*
Notwithstanding diagnosis by general practitioners or at the emergency department,
which has been associated with delays in reperfusion; '5:53.58.62.68 prehospital diagnosis
of STEMI has been associated with decreased time to reperfusion " and concomitant

improvements in mortality. 7°:8°

A 2016 systematic review and meta-analysis demonstrated a decrease of 35 (95% ClI
44.02 - 26.61) minutes in reperfusion when prehospital 12 lead ECGs were performed to
confirm STEMI diagnosis by EMS (pooled sample of 27,524 patients). Furthermore, in a
pooled sample of 71,315 patients, the use of prehospital 12 lead ECGs for STEMI
diagnosis were associated with a significant decrease in mortality (relative risk of 0.68;
Cl 95% 0.63-0.74). 8 When prehospital 12 lead ECG STEMI diagnosis is combined with
advanced notification of impending patient arrival, a 39% reduction in short-term
mortality (risk ratio 0.61; 95% CI1 0.42-0.89) is appreciable if PCl is performed while a
29% (risk ratio 0.71; 95% CI 0.54-0.93) reduction in short-term mortality is seen if
thrombolysis is performed.®? Prehospital 12 lead ECG acquisition was not associated

with prolonged scene time. 8384

Despite some studies showing acceptable accuracy of prehospital providers’
identification of ST-elevation, 887 false STEMI pre-notification rates have been reported
between 14% and 39%. 8-°!' When considering the low resource setting of LMICs, 3 with
limited cardiology resources °'° such high rates of false cardiac team activations may
lead to significant waste. One way of improving the accuracy is through telemetry —

sending the ECG to a central, experienced resource in order to assist with decision-
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making. ®2 Twelve lead ECG telemetry has been shown to significantly decrease the
reperfusion times of patients with STEMI,®*-% even in rural settings where smaller
hospitals are bypassed for preferential referral to facilities capable of performing PCI.
97.98 The prehospital 12 lead ECG can therefore be utilised to expedite the diagnosis of
STEMI patients, ° telemetry can be utilised to ensure shared decision-making on the
best reperfusion strategy, °¢-°° and patients can be transported preferentially to PCI-

capable facilities. 79.96:97.100-102

In a South African study, only 34% of STEMI patients received a prehospital 12 lead
ECG prior to hospital arrival. ® To our knowledge, there is currently no South African
literature investigating the reasons for such low rates of prehospital 12 lead ECG
acquisition. However, the results of international studies could perhaps be extrapolated.
Reasons for poor prehospital 12 lead ECG acquisition have been cited to include lack of
funding and the cost of equipment, 93194 [imited advanced life support resources '°104
(the only prehospital providers trained in 12 lead ECG acquisition and interpretation), '°°
limited 12 lead ECG resources, "% |ack of ongoing training and quality assurance
systems, ' and poor integration of the varying aspects of the coronary care networks.
103 Overcoming some of these barriers may assist South Africa in harnessing the benefit
that prehospital 12 lead ECG acquisition and transmission can bring to the local CCNs.
Notwithstanding instances where PCIl may be undertaken as primary reperfusion
strategy, by understanding geographic diversity, availability of resources and
infrastructure, the specific context of the South African CCN and healthcare funding
models, specific recommendations can be made on where healthcare resources should

be distributed in order to facilitate early diagnosis and reperfusion.

EARLY REPERFUSION

The European Resuscitation Council recommends (Class IA) preferential reperfusion via
percutaneous coronary intervention (PCI), if PCI can be performed within less than 120
minutes from FMC and STEMI diagnosis, by an experienced PCl team. 2° Failing this,
thrombolysis is recommended as soon as possible, but preferably within 30 minutes of FMC or

10 minutes from STEMI diagnosis. 2°

A recent meta-analysis of a pooled sample of 11 429 patients showed improved in-hospital
(OR 0.61; 95% CI 0.46-0.82; P=0.001) and long-term (OR 0.82; 95% CI 0.71-0.96; P=0.01)
survival in patients with AMI treated with PCI over thrombolysis. "% These findings were
echoed by an earlier meta-analysis that showed a 24% reduction in one year mortality for

patients treated with PCI over thrombolysis. 1% It is further recommended that patients who
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present to a non-PCI capable facility, be transferred to PCl-capable facilities promptly for PCI

instead. 08

Secondary transfer of STEMI patients for PCI has been associated with significant delays
15,109,110 and worsened outcome. "'"2 This brings a particular focus on EMS to act as
“gatekeepers” to identify STEMI patients and directly transport them to a PCl-capable facility.
These direct referrals or transports have been associated with improved reperfusion times and
ultimately, improved mortality. ''*13-1® However, considering the South African context of few
PCl-capable facilities ° and inaccessible healthcare, ® such an approach may not be feasible

for all regions in South Africa. For these reasons, prehospital thrombolysis may be considered.
29

When comparing prehospital versus in-hospital thrombolysis, a recent Cochrane Review
concluded that prehospital thrombolysis reduces time to reperfusion and should be considered
in low- to middle-income country settings where timely PCl is not easily achievable. '”
Interestingly, another meta-analysis found similar short-term mortality (relative risk 0.94; 95 %
CI1 0.67-1.31) when early prehospital thrombolysis was compared to PCI, yet at the expense of
increased risk of stroke (relative risk 3.57; 95 % Cl 1.39-9.17). '"® Therefore, such an approach
with further referral to PCI later (a pharmaco-invasive approach) might be acceptable for the
South African milieu. '® A prehospital thrombolysis programme should function within a well-

organised, regional coronary care network. 2°

A coronary care network (CCN) is comprised when the elements of recognition, EMS
activation, early diagnosis at FMC, and early reperfusion (via prehospital thrombolysis, in-
hospital thrombolysis or PCI) seamlessly integrate. The aim of this network is to optimise each
aspect and deliver reperfusion based on accepted, evidence-based guidelines, such as that

provided by the European Resuscitation Council 2° and the American Heart Association. 2

. CORONARY CARE NETWORKS

South Africa consistently fails in delivering timely reperfusion. 1°:30:53.69 A study based in

Cape Town, showed a median time to thrombolytics administration (door-to-needle time)
to be 54 minutes. Thrombolytic administration within 30 minutes only occurred in 20.5%

of the time. ° A Pretoria-based study showed that only 37% of eligible patients received
thrombolytic therapy and of these, only 3% received the medication within one hour. >3

Finally, a national study revealed that only 36% of STEMI patients received
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thrombolytics, while only 1% had a contra-indication to thrombolytic therapy. In patients

with STEMI, PCI was performed within 24 hours in only 51.8% of patients. 3°

To optimise reperfusion and expedite care, it is recommended by the European
Resuscitation Council and American Heart Association that regional reperfusion
strategies be developed based on the geographic and system factors at play within
each unique setting. ?° In other words, the development and implementation of CCNs. In
areas where primary PCl is unlikely, it is recommended that systems development
should focus on rapid thrombolysis at the site of STEMI diagnosis, and organised direct

transfer to a PCI facility within two to 24 hours, a so-called pharmaco-invasive strategy.
29

The development of such CCNs have been shown to decrease reperfusion time and
improve mortality in many different settings, such as Austria, '?' the United States, 122123
Canada, '** and Spain. '?° Success of such coordinated efforts have also been shown
to improve reperfusion timelines (and consequently mortality) in rural regions that are
traditionally underserved. '?® Such applications may therefore be of particular value in
the South African setting where historic inequities have left rural patients impoverished

and without healthcare access.

In the Austrian model, guideline implementation and network organisation between the
ambulance service and high-volume PCI centres showed a 6.5% decrease in mortality.
121 In Spain, developing CCNs has shown a 14% decrease in risk standardised mortality
rates. '?® Improvements associated with CCNs are not isolated to high income settings.
127130 A recent Indian study showed improvements in reperfusion times, higher
utilisation of PCI (29.5% vs. 707 46.5%; P <.001) and improved 1-year mortality

(adjusted odds ratio 0.76; 95% CI 0.58-0.98; P =.04) after the implementation of a CCN.
127

The following essential elements of a CCN have been proposed: a single emergency
number, emergency vehicles with 12-lead ECG equipment, sufficient resources of well-
trained advanced life support paramedics, ECG telemetry, direct telephone access to
the PCI suite, standardised protocols of care for diagnosis, therapy and transport (that
is specific to the geographic and traffic diversity), cardiology leadership as the head of
every network, involvement of healthcare authorities, public information campaigns and

prospective audit registries. '

The South African CCN falls particularly short. Although a national emergency number

exists, it has been found that patients are unfamiliar with the number. 3 Furthermore,
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every private emergency service markets their own unique number, which may add to
the confusion. It is uncertain how many emergency vehicles have access to 12-lead
ECG equipment, while there is a shortage of advanced life support paramedics. '3
Standardised, and regionalised protocols do not exist, and is likely due to fragmentation
of the CCN and lack of foundational data to base these recommendations on, '%23 owing
to a lack of ongoing registries. Finally, public awareness campaigns have mainly been
related to the infectious and HIV/AIDS disease burdens, and non-communicable

diseases have been left to the wayside.

One other aspect to consider when outlining the South African CCN, is related to the EMS
system and the qualifications and scopes of practice as it relates to STEMI management,
locally. Firstly, South Africa has a three-tiered “level of care” model; basic, intermediate and
advanced life support (BLS, ILS, ALS). In this manner, prehospital care is provided by
“paramedics” as opposed to prehospital nurses or emergency physicians. The South African
EMS is currently going through a period of transition. Until now, a dual pathway to become a
prehospital provider was either through vocational or short course training, or through
formalised tertiary education. After six weeks of training, an individual can register with the
Health Professions Council of South Africa (HPCSA) as a Basic Ambulance Assistant (BLS),
and within the context of coronary can perform cardiopulmonary resuscitation and use an
automated external defibrillator. 1% After approximately six months of work experience, a BLS
may complete a six- to eight-month course, registering as an Ambulance Emergency Assistant
(ILS), and can now perform manual defibrillation, have basic three lead ECG rhythm analysis
ability and administer oral aspirin. % Finally, after another six months of work experience, the
ILS can complete a nine- to twelve-month course and register as a Critical Care Assistant
(ALS). In addition to the skills of the BLS and ILS, the ALS can administer morphine, glyceryl
trinitrate and perform and diagnose 12 lead electrocardiography. % This means of
qualification is now being phased out, as promulgated by the Minister of Health of South
Africa. '3 Going forward, formal academic training at a higher education institute is required to
register as a prehospital provider. The courses are between one (basic) and four years in
duration. After four years, an individual may register as an emergency care practitioner (ECP)
with the HPCSA. In addition to the capabilities of BLS to ALS, the ECP also has the ability to
perform prehospital thrombolysis. '°° Unfortunately, there is a large shortage of ALS ** and

ECPs "** in South Africa, especially in rural areas.

Despite a paucity of data, considerable variation (based on socio-demographic and
geographic factors) exists within the South African CCN, and a single patient care
pathway is therefore difficult to describe. Yet, two antipodes of care might be expected.

with other patients having a care pathway on a scale between these antipodes.
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A STEMI patient who lives in an urban area with medical insurance will likely be
transported by a private ambulance service to hospital promptly, after requesting an
ambulance via a private emergency call centre. This service may or may not perform a
12 lead ECG, confirming the diagnosis and alerting the receiving PCI hospital of an
incoming STEMI case. Considerable delays may occur at the receiving facility however,
the patient will likely receive primary PCI, be admitted into a cardiac intensive care unit,

discharged and followed up later.

In contrast, a patient without medical insurance living in rural or peri-urban areas may
experience chest pain and attempt requesting for ambulance assistance. The
ambulance may take a considerable amount of time responding to the incident, and
might be staffed by two basic ambulance attendants who are unable to perform a 12
lead ECG or provide other life-saving care. After a long transport time to the closest
hospital (unlikely to be a PCI capable facility), the patient may be assessed by a junior
medical officer, the availability of 12 lead ECG diagnostic capabilities and thrombolytic
agents cannot be guaranteed. The patient might be transferred to a referral hospital
later for care or cardiology consultation. PCI might still not be performed, and the
benefit of thrombolysis might have expired. For other patients, their care pathway within

the South African CCN might be on a scale between these two antipodes.

In summary, the incidence of cardiovascular diseases and myocardial infarction is projected to
increase in the South Africa, doubling in incidence between 1990 and 2030. Small studies
show that myocardial infarction (and in particular STEMI) care in RSA does not currently
comply with the international best practices guideline recommendations regarding reperfusion
timelines. This may have a significant impact on the morbidity and mortality of the South
Africans suffering AMI and have a negative impact on the socio-economic development in the
country. Literature suggests that single interventions do not improve care substantially but that
an integrated, multidisciplinary approach should be taken. To this end, one of the first
recommended change actions is to develop coronary care networks towards expediting
reperfusion. Before making change, it is essential to understand the different factors at play

within a complex healthcare system.

There is currently a paucity of literature describing the state and resources available within the
underdeveloped South African coronary care network. For this reason it is essential to
evaluate and analyse the current situation and determine the barriers to timely reperfusion.
Furthermore, it is needed to develop regional systems of care by contextualising solutions that
have been found to improve care internationally. This thesis addresses some of the questions

arising from these knowledge gaps by describing the current situation, contextualising access
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to reperfusion care, proposing methods of network development and finding barriers and

facilitators to development of these networks.
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3. AIMS OF THE THESIS

The aim of the current thesis was to evaluate and analyse the existing Coronary Care
Networks (CCNs) in South Africa, a low- to middle income country. The objectives

were to:

Determine the amount and location of PClI-facilities in South Africa and to relate
coverage to population; and access in relation to socio-economic status for each
South African province.

Determine the proportion of South Africans who live within 60 and 120 minutes from a
PCI facility by determining the driving times and distances from each municipal ward
to the closest PCI facility. .

Propose a coronary care network reperfusion model for patients who present with
STEMI in the North West province of South Africa by making use of geospatial
analysis and optimisation modelling.

Explore the perceptions of healthcare providers work within the South African coronary
care network and identify facilitators and barriers to an effective coronary care network
in South Africa.
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4. ETHICAL CONSIDERATIONS

In this section specific ethical considerations for this project as well as accessible
dissemination of findings will be discussed next. None of the authors of constituent papers
have any conflict of interest to declare. The project was conducted based on the principles of
the Helsinki Declaration and accepted international Good Clinical Practice guidelines, with

specific contextual reference to South African cultural norms.

ETHICAL APPROVAL

Ethical approval for each of the studies was obtained from the Human Research Ethics
Committee (HREC) of Stellenbosch University. (Studies I-IIl HREC reference number
M14.07.027; Study IV HREC reference number N16.10.120).

PERMISSIONS AND CONFIDENTIALITY

Permission to access data was obtained from relevant stakeholders, hospital groups and
Departments of Health prior to data collection and write-up. Anonymity was maintained
throughout the data collection procedure and identifying data has been removed and is not
reported on. Data analyses were performed on the group level, and individuals are therefore
not identifiable. The interviews were self-transcribed, and identifying data were not recorded
on the transcriptions. Audio recordings were deleted after data analysis. Further confidentiality

was ensured by limiting data access to the research team.

CONSENT AND ENROLMENT

Written informed consent was obtained from all participants. Particular consent was obtained
from each participant for the audio recording of the qualitative interviews. Participants were
also permitted to withdraw from the study at any time prior to transcription, as each individual
participant would no longer be identifiable hereafter. Participants in the focus groups were also

requested to treat the opinions of other participants in confidence and with respect.
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RISKS AND BENEFITS

No direct risks were anticipated for enrolled organisations and participants in the qualitative
interviews as identities were protected. Participants also enjoyed no direct benefits for

participation in the studies. No compensation was provided for participation.

FAIR DISSEMINATION OF FINDINGS

Owing to different disease burdens, patient presentations and resources available, not all
research emanating from high income countries are relevant to the low- and middle-income
African setting. 35136 For this reason it is essential that research relevant to these settings be
published and accessible to clinicians and policymakers from such settings. '*® Only
approximately 59% of African emergency care articles are published in open access journals.
135 One in every six articles pertaining to African emergency is not accessible through self-
archiving websites or from the author directly. Accessing subscription-based publications may
be costly and these publications can charge up to 3.5 times the standard access or publication
charges to African researchers. ' This is cost-prohibitive to many African researchers. In
order for African emergency care to develop, improved output and access to contextual
research is needed. '*® Furthermore, African research on non-communicable diseases (such
as CVD) was lacking, and a call to increased research in this field was made. '*® When we
consider that the average doctor in Tanzania earns $600/month, '3 $283/month in Zimbabwe,
138 $685/month in Mozambique '3° and $2660/month in South Africa, ' it is clear that buying
an article at $36 per publication ' is not an option. For this reason, as far as possible, the
science generated should be published in open access journals to ensure that the findings are
fairly disseminated to the individuals to which it pertains, and to which the milieu it speaks. For
this reason, specific journals of the constituent papers are chosen, to provide maximum impact

by reaching policymakers from these settings.
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5.

METHODS

STUDY |

Study design

A cross-sectional design was employed, and data were obtained from literature, online
and local directories, organisational databases and correspondence with the relevant
Departments of Health and private or independent hospital groups. Stakeholders were
contacted and requested to provide information on which of their facilities had PCI
capabilities. Failing this, additional information was gained by searching local directories
and hospital databases online. "' The hospitals and their physical addresses that were
obtained were then consolidated, analysed and compared. The availability of PCl was
validated by two methods. First, a 10% random sample was selected, and the
availability of PCI was confirmed by telephone. Furthermore, the data of each province
was sent to a local cardiologist within that province to verify. These validations yielded
no inaccuracies. The current study is reported in accordance with the STROBE

guidelines for the reporting of observational research.

Data sources

Population, '*? and socio-economic status data '*® were obtained from the 2015 mid-
year population estimates and 2014 reporting data of StatsSA, the National statistics

service of South Africa.

In South Africa, poverty rates are calculated using a multidimensional approach (cost-
of-basic-needs approach) that considers food and non-food items to establish a lower,
upper and absolute (food) poverty line. The food poverty line is R335 ($20) per capita
per month, while the upper and lower poverty lines are R779 ($45) and R501 ($30) per
capita per month. ¢ Poverty and medical insurance rates (percentage of individuals in
each province falling below the poverty line and possessing medical insurance), were

extracted from the census data. 43

Data analysis

The number of PCl-facilities in South Africa was analysed descriptively and presented

as absolute numbers. Proportions of PCI facilities per province are presented as

25



percentage of total PCI facilities nationally. Furthermore, absolute numbers and
proportions of PCI facilities per province are further divided into state-owned or owned
by private hospital groups. Correlations between data variables (population, poverty rate
and proportion of persons with medical insurance in each province) and distribution of
PCI facilities were sought by means of Spearman’s Correlation Coefficient. The

significance level was set at p=0.05, two-tailed.

STuDY Il

Study design

We assessed timely access to PCI facilities by a series of geospatial analyses. Firstly,
we determined the driving times and distances to the closest (private and/or state) PCI
facility of each of the municipal wards within South Africa. Hereafter, we determined the
proportion of the South African population who live within 60 and 120 minutes from
these facilities based on the average drive times. We purposefully selected these
timeframes as they are in line with local and International PCI reperfusion

guidelines 34144

Data sources

PCI facility availability data from a previously published cross-sectional study were
utilised.® We plotted state and private PCI facilities in turn using the physical address of
each. From here we used ArcGIS 10 and ArcGIS Online (Esri, California, United
States) to plot a 60 and 120 minute drive-time polygon around each of the PCI facilities.
ArcGIS calculates the drive-time polygons around created points (PCI facilities, in this
case) that can be accessed within a specified time of travel from that point. These drive
times are calculated using predicted typical traffic trends. Typical traffic trends for each
road are determined within ArcGIS by averaging a week’s real-time travel speeds, in

five minute intervals.

Using ArcGIS, a join was created between the current South African ward boundary
lines and the 2011 population census data.'® Ward (district) level data was used as this
is the smallest geographical area available with population data, and therefore improves
accuracy of results. Ward level data was not available for the 2016 community survey.
The mathematical mid-point (centroid) of each ward was calculated and the population

was added to this point on the map datasets.
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Analysis of proximity

Proximity analysis was used to determine the projected drive time from each ward
centroid to the closest PCI facility in all provinces. These drive times were again
calculated based on the typical traffic trends for each area. These data are presented
descriptively. Medians and inter-quartile ranges are reported as the data showed

heterogeneity between provinces.

Using the drive-time polygons and the “Select by Location” feature of ArcGIS 10, it was
possible to extract those wards whose centres fell within the 60 and 120 minute drive-
time polygons. '#¢ Integrity of the data was ensured by performing a series of manual
verifications. We extracted the specific wards and their populations that fell within these

polygons to determine the population who live within these referral areas.

STuDY Il

Study design

We applied geospatial analysis '“6 with network optimisation modelling, "’ to determine which
strategy (thrombolysis or PCI) is most appropriate for patients presenting within each of the
municipal wards of the North West province. These recommendations are based on the
proximity of the patient to the closest hospital, with priority given to PCI capable facilities. The
geospatial analyses aggregate and analyse the data and send it to the optimisation software
that selects the best treatment option swiftly. This is presented graphically. We describe the

data sources, the geospatial analysis and the optimisation model next.

Data sources

We obtained PCI location data from a previous study. ° The locations of non-PCI hospitals
were obtained through local directories and correspondence with the relevant Departments of
Health and private hospital groups. We plotted these points within the North West province
using ArcGIS 10 and ArcGIS Online (Esri, California, United States). We used the current
South African ward demarcation lines and determined the mathematical mid-point of each

ward, the ward centroid.
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Reperfusion timelines

Reperfusion can be done my two means: thrombolysis or percutaneous coronary intervention
(PCI). PCI shows a mortality benefit should it occur within 120 minutes of first medical contact.
2 First medical contact (FMC) is defined as the moment that the patient presents with signs
and symptoms to the initial healthcare provider. In our context, first medical contact is
therefore defined as the moment that the ambulance arrives first on scene. 2° Thrombolysis
should be initiated within 10 minutes of STEMI diagnosis, preferably in the prehospital setting
should PCI not be reachable within 120 minutes,. 2° Unfortunately, the cost for ambulances to
carry these medications might preclude widespread availability in LMICs, such as South
Africa; notwithstanding the waste of expensive medications should they expire at an
ambulance base. For this reason, our model suggests a preference for in-hospital
thrombolysis should it be reachable within 30 minutes. This is in accordance with previous
recommendations. 152934144 Fajling this, we suggest prehospital thrombolysis (PHT). Figure 2

outlines the reperfusion strategies and timelines used in this model.

Analysis of proximity

Proximity analysis ¢ was used to determine the projected driving time from each ward
centroid to the closest PCl-capable and PCI non-capable facility. ArcGIS Online (Esri,
California, United States) calculates drive times using predicted typical traffic trends. Typical
traffic trends for each road are determined within ArcGIS by averaging a week’s historic real-
time travel speeds, in five minute intervals. These travel times were then imported into an
optimisation model and solved iteratively with integer programming using Lingo 13 (Lindo

Systems Inc. lllinois, United States). ™7

Optimisation model

We describe the optimization model using standard mathematical notations. Table 1 defines
the data input and required definitions for the model. This model is used to choose the

reperfusion strategy after the STEMI diagnosis in accordance with Figure 2.
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PCI > 120 minutes

STEMI Non-PCl Hospital

Diagnosis >30 minutes
Symptom onset Scene Time Travel Time PCI <120 minutes

(0 minutes) (10 minutes) (variable)

PCl > 120 minutes
FMC Non-PCI Hospital

<30minutes

-

N

Time from STEMI Dx to reperfusion
(<120 minutes)

Figure 2 Reperfusion Decisions
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Table 1 Defined data of model

Sets S = Available treatment options (PCI, in-hospital thrombolysis, or prehospital

thrombolysis)

H = Type of available hospitals (, PCI or Non-PCI hospital)

W = Ward identification number for every independent ward centroid
Parameters p; = Priority of treatment type | is set by this weight. (in our case this weight is

PCI < in-hospital thrombolysis < prehospital thrombolysis; the smallest is

chosen first, if possible).

¢; = Time limit for the ambulance transport to the hospital of type j (in our case

set by regulation to 120 minutes for PCI hospital and 30 minutes to Non-PCI

hospital. If none is possible, prehospital thrombolysis is chosen).

Calculated tij= Transport time with ambulance from the ward centroid i to the nearest

values hospital of type j.

Variable xij= Binary variable that is set to 1 if treatment option j is chosen for ward

centroid i, otherwise 0.

Since the geospatial analysis provides the nearest hospital (PCI, or otherwise) for every ward
centroid we use the best of two worlds and can solve the optimisation problem below swiftly in

an iterative way decomposing for every ward centroid in the following manner (Fig 3):

Objective function (1) minimize z that is the sum of all weights for different treatments j for

every ward centroid i.

Constraint (2) sets the time limit for ambulance transport to different type of hospitals j from

every ward centroid i.

Constraint (3) ensure us that we can only choose one treatment option for every ward centroid
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Constraint (4) selects the optimal treatment j for every ward centroid i, and set 1 if it is chosen,
otherwise it is 0.

Calculate for 1 e W :

minZ:ijXij (1)
jes

s.t

t;x; <c;,VjeH @)

> ox; =1 (3)

jes

X;; € 01},vjesS (4)

Figure 3 The optimisation model expressed as an integer programming model

The reperfusion decision results were then combined with ward data and colour coded (based

on Fig. 2). These results are presented graphically and presented descriptively.

Geographic representation

After solving the optimisation equation, reperfusion decision results were extracted to Microsoft
Excel (Microsoft Corporation, Washington, United States). Using the coded number of each
ward as unique identifier, a geospatial join was created between the optimisation results and
the ward centroid files in ArcGIS (Esri, California, United States). Hereafter, each ward
centroid was colour coded based on proximity and the recommended reperfusion strategy.

These results are presented descriptively and graphically.
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iv. STupY IV

Study design

Using purposeful sampling, this exploratory study employed a qualitative research design, and
made use of individual and focus group interviews. Qualitative designs have been used
previously to describe complex phenomena, generate new ideas within an underexplored field,

and to provide meaning to human experience. '8

Setting

The principal author is an Emergency Care Practitioner (ECP) with 7 years’ experience within
the South African prehospital context in road, aeromedical and mobile intensive care units.
Primarily based within the City of Johannesburg of the Gauteng province, he has experience
of other South African provinces and the greater African continent secondary to aeromedical
exposure. He has also received formal training in qualitative research, and interview

techniques.

At the time of the study, the North West and Northern Cape provinces had no emergent
access to PCl-capable facilities. Variable access to these facilities within the Western Cape
and Gauteng provinces were appreciable. South Africa has a tremendous shortage in PCI-
capable facilities, ° have significant delays to reperfusion %53 and is characterised by poor

access to PCl based on geography and socio-economic status. °

Data collection procedure

Qualitative data collection was completed between June and October 2017. We developed an
interview schedule using current literature on the barriers to the implementation of coronary
care networks, as well as specific contextual insight by the principal investigator’s experience.
An initial in-depth interview was conducted to develop and refine the interview schedule and to

gather ideas that were planned to be explored further during focus group interviews.

The discussion schedule firstly addressed what participants felt the current state of CCNs in
South Africa was. From here, prompts and probes aimed to elucidate specific data of each
participants’ perception and experiences of barriers within their own setting and solutions that

they might consider worth implementing to facilitate the development of effective CCNs.
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After finalising the discussion schedule, two focus group interviews were completed to gain an
integrated view of the CCNs of South Africa with people who would normally be expected to

work together.

We selected participants from the prehospital and in-hospital context of both state and private
healthcare settings with variable PCI access. We expressly aimed to interview participants
working in areas of both PCl-capable facilities and those who do not have immediate PCI
access. The qualitative approach of focus groups was selected in order to generate insights
into the different perspectives between individuals from different settings, thus making results
more representative of the South African context. '*° The demographic profile of the
participants is shown in Table 2. We felt that these stakeholders would have sufficient
experience and knowledge to unpack the problem of implementing coronary care networks
within the South African context and that they would provide appropriate content that could

lead to meaningful analysis.

During the focus group interviews, many aspects related to the role of the cardiologist
surfaced. We therefore decided to triangulate the results by conducting a final depth interview
with an interventional cardiologist who has experience in both state and private healthcare
sectors. Hereafter, it was felt that data saturation had occurred, and interviews were

concluded.

Data analysis

With specific permission, all interviews were recorded in duplicate via iPhone 6S (Apple Inc.
California, United States) Voice Memo Application (i0OS 11) and H1 Handy Audio Recorder
(ZOOM Corporation, Tokyo, Japan). Hereafter, recordings were downloaded onto a secured
computer and transcribed verbatim by the principal author. All identifying data were omitted

from the transcripts, which were stored under password protection.

Using methods described previously, '8 transcripts were subjected to descriptive content
analysis after immersion in the data. Using Atlas.ti (Scientific Software Development GmbH;
Berlin, Germany) specific meaning units were condensed, coded and categorised according to
themes. These themes are presented descriptively and discussed according to the three
central questions to this project: 1) What is the current perceived state of coronary care
networks within the South African context? 2) What are some of the barriers to implementing
coronary care networks? 3) What are some suggested facilitators to implementing a coronary

care network? The thematic development is exemplified in Table 3.
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Table 2 Demographic profile of participants

Participant Position Province of work Sector of work PCI Access
P1 ECP Gauteng Private Yes

P2 RN: ICU North West Private No

P3 RN: EC North West Private No

P4 ALS North West Private No

P5 EC Doctor North West Private No

P6 ECP Western Cape State No

P7 EP Gauteng State Yes

P8 EP Gauteng State No

P9 EP Northern Cape State No

P10 ECP Gauteng Variable Variable
P11 Cardiologist Gauteng and Mpumalanga  State and Private  Yes

P: Participant; ECP: Emergency Care Practitioner; RN: Registered Nurse; ICU: Intensive Care Unit; EC: Emergency Centre; ALS:

Advanced Life Support; EP: Emergency Physician; PCI: Percutaneous Coronary Intervention. Shaded participants indicate the

focus group interviews.

Trustworthiness

The trustworthiness of data presented within this qualitative approach was ensured by

considering aspects of credibility, transferability, dependability and confirmability. '*°

We ensured credibility by employing qualitative methods that are well-established; by making

use of a discussion schedule consistently applied by the same interviewer; by triangulation

(the use of both focus groups and individual depth interviews); by using participants who freely



volunteered their time, thus ensuring that participants were genuinely interested in giving data

freely (promotes honesty); and by examining the results in the context of previous research

findings for congruence, as presented in this report. 1%

As this was a qualitative work, transferability is difficult to ascertain. However, we believe by

selecting a heterogenous sample, our participants were broadly representative of most

aspects of CCNs within the South African context. Furthermore, a thick description of the

participants and the South African context may provide opportunity for the reader to establish

transferability to their context on an individual basis. '*°

Dependability is ensured by providing a description of the data collection procedures and the

specific discussion schedule utilised. Further method error was mitigated by ensuring that only

the principal author completed all interviews, thereby interview techniques should have been

similar for all interviews. 1%

To ensure confirmability, the transcribed research was checked by the other authors. Further

to this, reflective admission of the interviewer’s own beliefs were written down before and after

each interview. Furthermore, data was triangulated between two methods (focus groups and

individual depth interviews), and corroborated by previous research findings. '

Table 3 Thematic development using qualitative content analysis

Meaning Unit

Code

Theme

“So in that particular setting the number of

coronary care unit beds is so miniscule”

‘most GPs don't know what an ECG is, they

don't know how to interpret it,”

‘we can’t adjust the system based on no

data.”

Limited CCU beds

ECG Interpretation

Limited data available

There are many resource

constraints

Poor recognition and

diagnosis

Research is needed
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6. RESULTS

i. STUDYI

State healthcare facilities in all nine provinces and thirteen private hospital groups were
sampled. Table 4 shows the distribution of PCI facilities and the population of each province.
There is a total of 62 PCI facilities in South Africa, 45.9% of which are located within the
Gauteng province, the most densely populated province. Nationally, there is one PCI facility
for every 887,096 people. In Limpopo and the North West one PCI facility serves 5.1 and 3.7

million people, respectively. There are no PCI facilities in the Northern Cape.

Table 4 Population and number of PCl-facilities per province

TOTAL
TOTAL PCI POPULATION/
PROVINCE POPULATION
. n(% nationally) PCI

n(% nationally)
GP 13.2 mil (24.0%) 28 (45.9%) 471439
wWC 6.2 mil (11.3%) 13 (21.3%) 476 930
NC 1.1 mil (2.2%) 0 (0%) -
EC 6.9 mil (12.6%) 4 (6.6%) 1729 050
NW 3.7 mil (6.7%) 1(1.6%) 3707 000
KZN 10.9 mil (19.9%) 10 (16.4%) 1091910
FS 2.8 mil (5.6%) 3 (4.9%) 939 300
MP 4.28 mil (7.8%) 2 (3.8%) 2141950
LI 5.7 mil (10.4%) 1(1.6%) 5726 800
TOTAL 55 mil (100%) 62 (100%) 887 096

GP: Gauteng, WC: Western Cape, NC: Northern Cape, EC: Eastern Cape, NW: North West, KZN: Kwazulu Natal, FS: Free State,
MP: Mpumalanga, LI: Limpopo
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There is a strong positive correlation between the population share of each province and their
PCI facility share (r=0.82; p=0.007).

Table 5 shows the proportion of private to state-owned PCI facilities for each province, poverty
rates and the ratio of individuals with medical insurance. Locally, 48 (77%) of the PCI facilities
are privately owned and are therefore only accessible to 18.1% (those with medical insurance)
of the population. The remaining 82% of the population without insurance share 23% (n=14) of
PCI facilities. In the province with the highest poverty level, Limpopo (78.9%), there are no

state-owned PCl-facilities.

Table 5 Private and state-owned PCl-facilities, and medical insurance and poverty rates per

province
PROVINCE TOTAL PCIn(% PRIVATE PCI STATE PCI POVERTY % wi Min
nationally) n(%l/province) n(%l/prov) RATE
GP 28 (45.9%) 22 (78.6%) 6 (21.4%) 33.0% 28.2%
wWC 13 (21.3%) 10 (77%) 3 (23%) 35.4% 26.3%
NC 0 (0%) 0 (0%) 0 (0%) 63.0% 19.8%
EC 4 (6.6%) 3 (75%) 1(25%) 70.6% 10.5%
NW 1(1.6%) 1(1.6%) 0 (0%) 61.4% 14.8%
KZN 10 (16.4%) 8 (80%) 2 (20%) 65.0% 12.8%
FS 3 (4.9%) 2 (66.7%) 1(33.3%) 61.9% 17.9%
MP 2 (3.8%) 1 (50%) 1 (50%) 67.1% 14.9%
LI 1(1.6%) 1 (100%) 0 (0%) 78.9% 8.6%
TOTAL 62 (100%) 48 (77%) 14 (23%) 59.6% 18.1%

GP: Gauteng, WC: Western Cape, NC: Northern Cape, EC: Eastern Cape, NW: North West, KZN: Kwazulu Natal, FS: Free State,

MP: Mpumalanga, LI: Limpopo. Min: Medical Insurance

38



A very weak correlation exists between the poverty levels and number of state PCI facilities in
each province (r=0.01; p=0.17). The amount of private PCI facilities and individuals with

medical insurance was moderately, negatively correlated (r=-0.4; p=0.27).

STuDY Il

PCI facilities are concentrated around maijor cities and along the coastal areas of South Africa.
Wards within the 60 and 120 minute drive-time polygons to PCI facilities are presented in
Figure 4.

® Cath Labs
Wards within 60min of Cath Lab

Wards within 120min of Cath Lab
|| waras (2011)

0 75 150 225 300

Kilometers

Figure 4 Drive-time polygons and wards within 60 and 120 minutes from PCI facility (ArcGIS 10, Esri, California, United States)

Table 6 displays the driving distances to PCI facilities in South Africa. The median driving
distance to the closest PCI facility nationally is 123.6 km (IQR 157.6 km). The Northern Cape
has the longest driving distance to a PCI facility of 940.8 km while the shortest distance is
0.3km in the Eastern Cape and the Free State provinces, jointly. The median driving distance
to the closest state PCI facility (Table 7) is 100km (IQR 157.6km), while the shortest driving
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distances are in the Free State and the Gauteng provinces, jointly (0.9km) and the furthest is
in the Northern Cape (1085km).

Table 6 Driving distances to a PCI facility (state or private) in South Africa

PROVINCE MINIMUM DRIVE MEDIAN DRIVE MAXIMUM DRIVE
DISTANCE DISTANCE (IQR) DISTANCE

GP 0.5km 15.1km (15.9km) 71.5km
WC 0.8km 52.9km (110.3km) 363km

NC 155.5km 406.9km (305.4km) 940.8km
EC 0.3km 206.9km (157.2km) 395km

NW 1.1km 144km (162.6km) 573.3km
KZN 1.6km 137.5km (166.6km) 413.8km
FS 0.3km 140.1km (118.1km) 278km

MP 2km 109.7km (51.7km) 313.1km

LI 2.3km 132km (73.9km) 342.9km
South Africa 0.3km 123.6km (157.6km) 940.8km

GP: Gauteng, WC: Western Cape, NC: Northern Cape, EC: Eastern Cape, NW: North West, KZN: Kwazulu Natal, FS: Free State,
MP: Mpumalanga, LI: Limpopo
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Table 7 Driving distances to a state PCI facility in South Africa

PROVINCE MINIMUM DRIVE MEDIAN DRIVE MAXIMUM DRIVE
DISTANCE DISTANCE (IQR) DISTANCE
GP 0.9km 28.7km (28.5km) 90.6km
wWC 1.4km 93km (227.8km) 495.6km
NC 155.5km 406.8km (311.6km) 1085.8km
EC 2.4km 302.3km (140.4km) 551.7km
NW 7km 172.3km (173.9km) 653.7km
KZN 2.4km 146.3km (173.8km) 434.8km
FS 0.9km 158.3km (107.8km) 301.8km
MP 7.4km 125.5km (52.5km) 320.4km
LI 77Km 289.2km (158.1km) 607.8km
South Africa 0.9km 170.7km (22.35km) 1085.8km

GP: Gauteng, WC: Western Cape, NC: Northern Cape, EC: Eastern Cape, NW: North West, KZN: Kwazulu Natal, FS: Free State,
MP: Mpumalanga, LI: Limpopo

Table 8 displays the drive-times to the PCI facilities in South Africa. The longest drive to PCl is
in the Northern Cape at 751 minutes while the shortest drive is in the Free State province (0.7
minutes). Nationally, the median drive-time to PCl is 100 (IQR 120.4) minutes. The closest
state PCI facility (Table 9) is a median of 123.7 (IQR 164.1) minutes away. The shortest time
to the closest state PCI facility is in Kwazulu Natal (1.5 minutes away) while the furthest is in

the Northern Cape (900.1 minutes away).
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Table 8 Drive-times to a PCI facility (state or private) in South Africa

MEDIAN DRIVE TIME

PROVINCE MINIMUM DRIVE TIME (IQR) MAXIMUM DRIVE TIME
GP 0.8 min 18.3 min (13.8 min) 59.6 min
wC 1.6 min 43.8 min (79.3 min) 277.9 min
NC 111.7 min 300.4 min (640.1 min) 751.8 min
EC 0.8 min 164 min (137.5 min) 318.6 min
NW 3.1 min 115.4 min (117.3 min) 453.6 min
KZN 3 min 109.8 min (133.6 min) 345.1 min
FS 0.7 min 103.1 min (79.9 min) 227 min
MP 4.2 min 94.4 min (54.6 min) 249.2 min
LI 3.5 min 114.1 min (63.2 min) 344.3 min
South Africa 0.7 min 100 min (120.4 min) 751.8 min

GP: Gauteng, WC: Western Cape, NC: Northern Cape, EC: Eastern Cape, NW: North West, KZN: Kwazulu Natal, FS: Free State,
MP: Mpumalanga, LI: Limpopo
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Table 9 Drive-times to a state PCI facility in South Africa

MEDIAN DRIVE TIME

PROVINCE MINIMUM DRIVE TIME (IQR) MAXIMUM DRIVE TIME
GP 1.7 min 29.1 min (20.6 min) 68.3 min
wC 3 min 77.8 min (160.4 min) 328.7 min
NC 105.4 min 298.1 min (210.9 min) 900.1 min
EC 4.3 min 238.6 min (127.2 min) 432.6 min
NW 10.5 min 134.2 min (125.8 min) 486.7 min
KZN 1.5 min 90.9 min (108 min) 270.2 min
FS 1.7 min 112.5 min (79.1 min) 242.9 min
MP 12.6 min 102.6 min (53.4 min) 257.8 min
LI 80.8 min 230 min (88.3 min) 515.2 min
South Africa 1.5 min 123.7 min (164.1 min) 900.1 min

GP: Gauteng, WC: Western Cape, NC: Northern Cape, EC: Eastern Cape, NW: North West, KZN: Kwazulu Natal, FS: Free State,
MP: Mpumalanga, LI: Limpopo

Just over half of the population (53.8%) of South Africa lives within 60 minutes of a PCI facility
while 71.53% of the country’s population can reach a PCI facility within two hours (Table 10).
Practically all inhabitants of the Gauteng province live within 60 minutes of PCI while 2.5% of
the Northern Cape’s inhabitants are within two hours of the closest PCI facility, whether state
or privately owned. When only considering state PCI facilities (Table 11), only 47.8% and 63%

of the population can access these facilities within 60 and 120 minutes respectively.
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Table 10 Proportion of South African population living within 60 and 120 minutes of a state

or private PCI facility

PCI WITHIN 60 MINUTES n(% PCI WITHIN 120 MINUTES n(%

PROVINCE per province) per province)
GP 12.27 mil (99.7%) 12.3 mil (100%)
wcC 4.44 mil (76.1%) 5.1 mil (87.6%)
NC 0 (0%) 29k (2.5%)

EC 1.96 mil (29.9%) 2.68 mil (40.8%)
NW 1.28 mil (36.4%) 2.13 mil (60.6%)
KZN 4.89 mil (47.6%) 6.64 mil (64.7%)
FS 0.99 mil (36.4%) 1.9 mil (69.3%)
MP 0.95 mil (23.5%) 3.19 mil (78.9%)
LI 1.06 mil (19.8%) 3.04 mil (56.3%)
Total n(%SA)  27.86 mil (53.8%) 37.0 mil (71.5%)

GP: Gauteng, WC: Western Cape, NC: Northern Cape, EC: Eastern Cape, NW: North West, KZN: Kwazulu Natal, FS: Free State,
MP: Mpumalanga, LI: Limpopo; mil: million; k: thousand
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Table 11 Proportion of South African population living within 60 and 120 minutes of a state
PCI facility

PCI WITHIN 60 MINUTES n(% PCI WITHIN 120 MINUTES n(%

PROVINCE per province) per province)
GP 12.27 mil (99.7%) 12.27 mil (99.7%)
wcC 4.19 mil (71.9%) 4.78 mil (82%)
NC 0 (0%) 0 (0%)

EC 1.22 mil (18.6%) 1.48 mil (22.6%)
NW 0.66 mil (18.8%) 1.93 mil (55%)
KZN 4.78 mil (46.6%) 6.72 mil (65.4%)
FS 0.82 mil (29.9%) 1.81 mil (65.9%)
MP 0.73 mil (18.1%) 3.13 mil (77.5%)
LI 6 k (0.1%) 0.26 mil (4.9%)
Total n(%SA)  24.6 mil (47.8%%) 32.6 mil (63.0%)

GP: Gauteng, WC: Western Cape, NC: Northern Cape, EC: Eastern Cape, NW: North West, KZN: Kwazulu Natal, FS: Free State,
MP: Mpumalanga, LI: Limpopo; mil: million; k: thousand
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STuDpY Il

The number of wards and population for each reperfusion strategy is presented in Table 12.
For most patients, primary PCl is the preferred reperfusion strategy based on their proximity.

Figure 5 presents the recommended reperfusion strategies for each ward in the North West

province, by colour coding each ward according to Figure 2.

Table 12 Wards and reperfusion strategy

Wards, n(%) Population, n(%)
PCI preferred 204 (53%) 938 380 (60%)
In-hospital thrombolysis preferred 44 (11%) 185994 (12%)
Prehospital thrombolysis 138 (36%) 452 525 (28%)

preferred

PCI: Percutaneous Coronary Interventions

Lephalale

STEMI Referral Model

I Prehospital Thrombolysis Preferred
[ In-hospital Thrombolysis Preferred
[ Pt Preferred

Thabazimbi

Figure 5 The North West province with reperfusion strategy recommendations
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iv. STuDY IV

Eleven participants were interviewed. Inclusion of participants was diverse (Table 2).
Interviews lasted approximately 60 minutes. Despite having a diverse range of participants,

common themes (summarised in Table 15) emerged universally.

Table 13 Emerging Themes

1. What is the current perceived state of CCNs within the South African context?

Increasing patient numbers, with more lifestyle diseases

Non-communicable diseases are not prioritised

The network is characterised by considerable variation

The network is perceived to be fragmented

There are many resource constraints

2. What are some of the barriers preventing the implementation of a CCN that
prescribes to international guidelines?

Poor recognition and diagnosis

Inappropriate transport decisions

Inefficiencies at patient triage

There are considerable delays

3. What are some suggested facilitators to overcoming these barriers?

Prehospital Thrombolysis

Locally appropriate guidelines

Improved clinical governance

Research is needed
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7. DISCUSSION

The aim of the current thesis was to evaluate and analyse the existing Coronary Care
Networks (CCNSs) in South Africa, a low- to middle income country. This was achieved through
four studies. South Africa has a shortage of PCI facilities. Many patients may not be able to
access care due to socio-economic status. WWhen considering proximity alone, most South
Africans are able to access PCI within guideline timeframes. Despite this, prehospital
thrombolysis should still be considered in some areas — as demonstrated by a novel approach
that combines geospatial analysis and network optimisation modelling. This approach can
efficiently determine the optimum reperfusion strategy for each geographic locale of South
Africa. Current CCNs in South Africa were perceived to be under-resourced, over-burdened
and not prioritised. Future efforts should aim at improving STEMI recognition and diagnosis to
decrease delays to reperfusion. The findings described should be considered and integrated
into a future model of CCNs within South Africa, towards improving reperfusion times and

finally morbidity and mortality.

There are currently 62 PCI facilities in South Africa, more than three quarters of which are
contained within the private healthcare sector (Study ). The sheer amount of PCI facilities in
South Africa is lacking — there is one PCI facility for every 878 096 people in the country.
International guidelines recommend one PCI facility for every 350 to 400 thousand population.
81 A doubling of the amount of facilities might therefore be required. Yet other studies suggest
that one PCI facility per million population might suffice should patients be able to reach such a
facility within two hours. 2 In South Africa, more than two thirds of the population may access
a PCI facility within this timeframe (Study Il). This is less when compared to the United States,
where 79% of the adult population live within one hour of a PCI facility, with close on 90% of

the population living within ninety minutes of a PCI facility. '%3

Access however, is not simply a product of proximity within the South African context of poor
healthcare service provision. One of the nine South African provinces has no PCI facilities,
while two only have a single private facility each (Study I). The proportion of state-owned PCI
facilities do not correlate with the number of patients of poor socio-economic and insurance
status within the provinces. (Study |) It was consequently shown that the poor and those
without healthcare insurance have a disproportionate share of the PCI resources, and access
to PCI may therefore be impossible to these patients, ° even when only considering proximity
alone, '** unless they are able to fund the treatment privately. Disparities in PCl access are in
part, remnants of the apartheid healthcare systems that were fragmented and provided
disproportionate healthcare funding based on racial biases and segregation, '>'% and in part

related to current socio-economic conditions. The South African Government accepts that the
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dual (private and state) healthcare system of South Africa limits healthcare access, and is
costly and unsustainable. '° A National Health Insurance (NHI) has been proposed that aims
at providing universal health coverage for all, that is both of high quality and is cost-effective.
1% NHI is currently in its pilot phases in some regions but it is still unclear how NHI might affect

access to emergency coronary reperfusion for poor South Africans.

To expedite care, participants (Study 1V) highlighted the need for preferential transport of
patients to PCI facilities after confirming prehospital STEMI diagnosis (with or without
prehospital thrombolysis). Preferential transport to PCI facilities is supported by international
literature "1:113-11¢ and guideline recommendations. ?° This does not seem to occur in South
Africa where secondary transfer often delays reperfusion. '°°35° Due to proximity and access
barriers, certain patients may not have timely reperfusion even if transported to PCI facilities.
By utilising a novel approach that combines geospatial analysis and network optimisation
modelling, a recommended CCN model for patients with STEMI in the North West province
was presented (Study lll). This model is scalable and can be applied efficiently in real time. In
the event that PCl is not immediately accessible, international guidelines suggest that
reperfusion be achieved through thrombolysis instead; 2° and the model accounts for such an

eventuality.

Thrombolysis in the South African setting has been found to be marred by considerable
delays. 53 International guidelines appreciate the complexity of hospital systems, and how
this may contribute to delays in the administration of thrombolytic agents. In order to overcome
these delays, guidelines suggest that it be initiated in the prehospital setting. ?° Literature
supports this, showing significant reductions in reperfusion time and, consequently mortality.
117,156,157 Prehospital thrombolysis still forms the cornerstone of reperfusion strategies in many
rural areas of Europe "'*® and Australia ' where PCI is not accessible. In fact, based on
proximity and PCI access associated with socio-economic and insurance status, prehospital
thrombolysis may be of particular value in South Africa. '"7:"%° A prehospital thrombolysis
programme was supported as a facilitator to early reperfusion and implementation of a South
African CCN by participants of Study IV. In low resource settings such as South Africa and
other LMICs, it is essential to consider the cost of acquiring thrombolytic medications as well

as the potential waste of expired medications being carried by ambulances.

A successful prehospital thrombolysis programme is dependant on the following essential

components: prehospital personnel being trained in 12 lead ECG acquisition and diagnosis,
29144 the availability of 12 lead ECG equipment, clearly defined eligibility criteria (clinical and
logistic) for prehospital thrombolysis, access to cardiology input and consultation '#41%° and

immediate referral to a PCI capable facility for a pharmaco-invasive strategy. 2%
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Prehospital providers in Study IV echoed that 12 lead ECG telemetry and consultation with a
receiving cardiologist was essential for a prehospital thrombolysis programme; without this
they would be hesitant to administer the agents. This is likely due to unfamiliarity with the
decision-making and administration of thrombolysis. In a Swedish model, such hesitance was
short-lived. '®" Interestingly, one study showed a delay in thrombolytics administration when
telemetry was used. %2 These findings should be considered in the context of a nascent

prehospital thrombolysis network.

International guidelines recommend regionalised protocols outlining the reperfusion strategies
for patients based on proximity timelines. 2° Participants in the qualitative study also suggested
that a “geographical referral process” document would be a helpful facilitator in improving
transport decision-making and guiding reperfusion. Providing standard referral guidelines have
been found to improve the performance of CCNs. 2! By employing the referral model
developed and presented in Study Ill, this can be done efficiently for the entire country, as well
as in other settings. By utilising technology, this could be achieved in real time, using current

traffic trends and bed occupancy constraints.

One cannot improve a system that one does not measure. % The systematic implementation
of metric performance data to inform quality improvement projects have been found to lead to
significant reductions in reperfusion times, and increased adherence to international standards
of care. %4165 Regular clinical governance and research was also suggested as facilitators to
developing and implementing CCNs by the panel in Study IV. These views are corroborated
by international literature - by utilising a process of regular audits and feedback, CCNs perform
better. 29144166 Feedback on performance and data metrics have also been associated with
improved utilisation of prehospital 12 lead ECGs which has been found to be lacking in the

South African setting.
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8. LIMITATIONS

Some important limitations should be considered. When considering PCI facility data, it is
possible that single PCI facilities might not be listed. This was however, mitigated by two levels

of validation, verification by local expertise and telephonic confirmation of a random sample.

Population calculations were based on 2011 South African census data because more recent
publications do not provide population data at the ward level. This may lead to small

inaccuracies due to migration and population growth since.

When considering the proximity analysis, drive-time polygons are calculated based on typical
(average) drive times and traffic trends, and does not consider any traffic anomalies or outliers.
The time taken to dispatch a vehicle in the EMS control centre, ambulance response and
scene times were not taken into consideration. This may prolong the total prehospital time and
therefore ischaemic time. However, guideline timeframes are calculated from first medical
contact. Similarly, patient delay was not taken into consideration. In-hospital delays were also
not considered. Yet, such constraints could easily be implemented into the proposed model

and can therefore be accounted for.

The qualitative study (Study V) is strengthened by the purposive selection of a heterogenous
sample that ensures representation from a variety of aspects within the South African CCN.
Consequently, there was representation from in- and prehospital phases of care, state and
private healthcare, five of the nine South African provinces and participants with and without
PCI access. Despite such a diverse sample, the qualitative and descriptive design of this study
limits the transferability. A further limitation is that the barriers and facilitators to the
implementation of CCNs in South Africa was not interrogated from the patient’s perspective,

which might provide valuable data for consideration.

By consolidating and interpreting the results of the four studies, the lessons learnt from their
undertaking and some of the barriers and facilitators to CCNs in South Africa (obtained from

Study V), several recommendations for future perspectives can be made.
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9. FUTURE PERSPECTIVES

India, also an LMIC, has a tremendous burden of CVD and STEMI. 27 Similar to South Africa,
a large majority of the Indian population also lives in poverty, with poor sanitation and under
poor socio-economic hardship. 27 However, despite these circumstances, India has managed
to develop successful CCNs that show promise in reducing the time to reperfusion and

improving mortality. 27 Many lessons can be learned from their experience.

Mehta et. al. proposes a conceptual framework for confronting failures within coronary care
networks in resource-limited settings such as South Africa. '®” This framework describes six
distinct but integrated aspects of a coronary care network. These six aspects are: patients,
insurance, transport, hospital (and healthcare) systems, healthcare providers (physician in the

original model), and technology. %"

It is felt that by focusing on these aspects, South Africa can harness the success of our Indian
counterparts, providing a point of departure for the development of CCNs locally. For this
reason, and taking the findings of this thesis into consideration, recommendations for the

future development of CCNs in South Africa are provided.

PATIENTS

This thesis did not particularly examine the role of the patient within the South African CCN
however, some important aspects should be highlighted. These aspects relate to the need for

epidemiological data, prevention strategies and patent education.

During the completion of these studies, it was impossible to obtain good quality, representative
epidemiological data on the prevalence and incidence of CVD and STEMI in South Africa.
Authors have previously emphasised the need for such data in SSA, 23 while others have
exposed the lack of research output concerning non-communicable diseases. '*° By providing
policymakers with good quality data showing the increasing burden of STEMI in South Africa,
and highlighting areas of high incidence, it is believed that future developments can be
targeted to these specific populations. By focusing on high incidence populations, a larger
impact can be achieved with lower resource expenditure - a large consideration in LMICs. Two

of these interventions may be prevention and patient education.

A proposed explanation for the increase in the burden of CVD seen in SSA is an increase in
the incidence of lifestyle risk factors such as hypertension, diabetes and

hypercholesterolaemia. '%2°-22 The impact of prevention on mortality has been demonstrated.
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168 Similarly, failing at prevention programmes might have major implications to healthcare
expenditure. '°® The feasibility of prevention programmes should be explored within the South
African setting. One such an intervention suggested by participants, is patient education

campaigns.

In a small South African cohort, a lack of education regarding the risks of AMI and STEMI was
determined to be a cause of delayed patient presentation and poor ambulance use. % Public
education campaigns have been shown to reduce patient delays and improve ambulance use
when experiencing symptoms of AMI. 7> It is recommended as a part of primary and
secondary prevention programmes. %170 Education campaigns in South Africa should be
tailored to each community’s local SES, language profile and level of education and take into

consideration access to print, social and broadcast media of each community.

It is further recommended that a future study investigate the barriers and facilitators to CCN

access from the perspective of the patient.

INSURANCE

According to Section 27(3) of 1996 of the South African constitution, emergency medical care
may not be refused to any South African, regardless of their ability to pay. "' Within this
context an emergency may be defined as “the sudden and, at the time, unexpected onset of a
health condition that requires immediate medical or surgical treatment, where failure to provide
medical or surgical treatment would result in serious impairment to bodily functions or serious
dysfunction of a bodily organ or part, or would place the person’s life in serious jeopardy.” 172
What emergency medical care entails however, has not been clearly defined and is largely
open to interpretation. '”® Practically, this means that a STEMI patient with stable vital signs,
may be directed from one hospital to another without receiving reperfusion therapy. For this
reason, it is recommended that the definition of “emergency medical care” in the context of

STEMI include the provision of reperfusion.

Until such time as NHI is well-established, we recommend the provision of alternative funding
models with integrated state and private partnerships to allow for timely reperfusion in STEMI.
Assuming education campaigns are effective at decreasing patient delays to presentation and
improving ambulance use, and access can be facilitated through sustainable funding models,
the emergency medical services play a pivotal role in transporting STEMI patients to

appropriate care facilities within the CCN.
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TRANSPORT

Under the apartheid regime, inequitable development of road and transport infrastructure in
racially segregated areas have left some South Africans inaccessible by formal roads. ' Public
transport systems in South Africa are also unsafe, expensive and often inaccessible to some
communities. *7* Furthermore, some informal settlements in South Africa lack formal
addresses. This may prolong ambulance response times, which may increase the total
ischaemic time of patients with STEMI and increase mortality. “¢ Considering that ambulance
response times of greater than 3-4 hours are not uncommon in some rural parts of South
Africa, "% it is not surprising that patients have a distrust of EMS when experiencing symptoms
of AMI. 3 Some propose that these poor response times are due to a lack of ambulance
resources, and while it is definitely a consideration, Stein et. al. demonstrates that more
efficient use rather than increased resources may be effective at honouring target response
times. '"® Epidemiological data are required to make meaningful recommendations on where
vehicles should be placed. As an interim measure, a community first responder programme
could be explored, "7 which could expedite healthcare access while providing some

prehospital care.

Ideally, patients with STEMI should be transported by advanced life support (ALS) paramedics
that are able to perform 12 lead ECGs to confirm diagnosis, and similarly manage any severe
complications. 2%1% There is currently a shortage of ALS in South Africa. "' It is therefore
imperative that ALS resources are reserved for response only to the patients that truly need
such a level of care. As the first point of contact for patients seeking an EMS response, 78
emergency dispatch centre triage tools can be used to predict the acuity of the patient, and the
need for an ALS response. " Such triage tools rely completely on the presentation and
symptomatology described by the callers. In a country with eleven official languages and
varied levels of education & these descriptions may be myriad. Triage tools tailored to the
South African setting, that take these socio-demographic aspects into consideration should be
developed and validated. By utilising these triage tools, dispatch PCI activation could reduce

reperfusion times even further. &

By combining proximity analysis and network optimisation models, an efficient means of
providing reperfusion recommendations is presented (Study Ill). In some instances, it is
recommended that patients undergo prehospital thrombolysis before being referred to a PCI
facility — a pharmaco-invasive strategy. It is currently unclear whether these areas have 12
lead ECG resources, emergency care practitioners licensed to administer thrombolysis, '°° or

thrombolytic medications. Similarly, it is also unclear whether such resources exist at hospitals

54



in areas where in-hospital thrombolysis is recommended. A national audit of thrombolytic,

human and diagnostic resources is recommended.

TECHNOLOGY

Notwithstanding the application of technology for telephonic triage, location-based services
and efficiency modelling, as described above; technology should also be considered in aiding
the diagnosis of STEMI. Prehospital twelve lead ECG telemetry has been used successfully in
other settings. %% By utilising 12 lead ECG telemetry to facilitate shared decision-making,
cohesion could be facilitated in the South African CCN. It may further facilitate early pre-
notification to emergency centre staff that a STEMI patient is en route. This has been found to
improve in-hospital reperfusion times. 8 Considering the lack of ALS paramedics, centralised
ECG diagnosis can be facilitated through basic and intermediate prehospital providers using
telemetry.  An attractive alternative for paramedic-initiated STEMI diagnosis in resource-
limited areas. Twelve lead ECG telemetry can also support regional prehospital thrombolysis
programmes, followed by immediate PCI referral. Such a pharmaco-invasive approach seems

more feasible in LMICs, like South Africa with limited resources or prolonged transport times.
181

HEALTHCARE PROVIDERS

Inappropriate triage and missed STEMI diagnosis seems to occur often in South Africa. 53 In
order to remedy this, education programmes should not only target patients but also
healthcare providers. Within the continuum of a CCN, these providers include local family
physicians and general practitioners, emergency call-takers, prehospital providers, triage
officers, nurses, doctors and emergency and cardiology specialists. It is recommended that
training should be based on regional referral networks that are tailored to the specific resource

and barrier constraints within the particular setting.

One way of delivering such training programmes is through a self-paced, online learning
programme. Online learning has been implemented successfully in the South African setting to
improve traumatic brain injury guideline adherence. '® It is recommended that such training
programmes be integrated into data feedback and clinical governance systems that
continuously measure performance of the CCN, providing dynamic improvement projects.

Hospital (and healthcare) systems are essential in managing these data repositories.
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HoOSPITAL SYSTEMS

A national STEMI performance metric registry is suggested, which currently does not exist in
South Africa. '8 It is further suggested that such a registry be populated by each of the
different healthcare sectors to allow for data sharing. State and private partnerships, as well as

agreement between different private hospital groups should be undertaken to achieve this.

It is therefore recommended that each specific setting in South Africa seek bottlenecks (e.g.
administrative processes) within their jurisdiction and implement healthcare improvement
strategies to improve STEMI care. ?° Such improvement projects should encompass the entire

CCN, from prehospital care, to in-hospital systems.

Presenting PCI facility data, such as in Study I, simply provides an overview of where these
facilities are located. Yet, it does not comment on or guarantee a 24 hour PCI service.
Literature has exposed considerable variation in the reperfusion times between patients who
present within working hours, or outside of these. %18 Considering the shortage of cardiology
resources in South Africa, hospital systems should further focus on the provision of 24 hour

PCI facilities to avoid such variations in care.

In an attempt to ratify these recommendations, a final recommendation is to subject these to a

consensus process to present the priorities of CCN development in South Africa.
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10.

CONCLUSION

Consisting of four interrelated studies, this project aimed to examine and explore
Coronary Care Networks in South Africa, a low- to middle income country and to
describe and study aspects that could improve timely access to coronary care in

patients experiencing ST-elevation myocardial infarction within this context.

South Africa has a shortage of PCI facilities. When considering proximity alone, most
South Africans can access PCI within guideline timeframes. Yet, due to socio-
economic conditions, PCI may still not be accessible for many patients. Subsequently,
thrombolysis (particularly prehospital thrombolysis) should be considered to expedite
reperfusion. We propose a novel approach that combines geospatial analysis and
network optimisation modelling to efficiently determine the optimum reperfusion
strategy for each geographic locale of South Africa. Current CCNs in South Africa are
under-resources, over-burdened and unprioritised. Based on these findings, we
provide recommendations that could be studied and integrated into future CCN

models applicable to the South African context.

To propose an encompassing coronary care network for the South African context
based on the findings of this thesis would be premature. Results have left me with
more questions than answers. Furthermore, the immense diversity of South Africa
may mean that regional network recommendations should be developed instead. This
will require significantly more scientific inquiry. However, some research and
development recommendations can be provided. These are based on current results,

and aspects highlighted in the discussion.

In a country suffering a quadruple burden of disease, poverty, limited healthcare
access and poor living conditions one might argue that there are bigger socio-
economic and healthcare priorities than cardiovascular diseases and ST-elevation
myocardial infarction. However, considering that CVD and STEMI will continue to rise
as further urbanisation and life-expectancy gains are made through other health and
social initiatives, we simply cannot afford not to invest in the preparedness to manage
these patients. CVD also affects the economically active population, and decreasing
morbidity and mortality is essential to ensure sustainable economic and social

development of many communities.

57



58



11.

ACKNOWLEDGEMENTS

In keeping with the African philosophy of Ubuntu (a person is a person through other
people), | would like to acknowledge the following people for the specific role that they

played in making this journey a success. | am who | am, because of you.

My Mom, Anita Stassen, for the sacrifices she has made her entire life to
esnure my success. Dankie!

My Ouma, Patat, for her unwaivering belief in me, mainly supported by prayer.
My late Oupa, Jan Jonker, for teaching me to always question that which is
wrong and defend that which is right. This forms the basis of my curiosity as
researcher.

Maryna Venter, for tolerating drama.

Craig Wylie, for entertaining drama.

Professor Lisa Kurland for all the support as supervisor and mentor. You will
never understand how much you inspire me. Thank you!

Professor Lee Wallis, for support as co-supervisor. Thank you for believing in
me!

Professor Craig Vincent-Lambert for support as co-supervisor. “A PhD is a
marathon, not a sprint.

Professor Maaret Castren, for support as co-supervisor.

Leif Olsson, for teaching a paramedic to math.

Matthew Rosenburg and Quintin Bohr, for teaching a paramedic to perform
geopsatial analysis.

Ben Johnson and ER24, for giving me freedom to grow.

ER24 Paramedical Staff for assisting in enrolling patients in Study IV.

Louis Jordaan and Cameron Horner for their role as research support in
Study IV.

59



60



12.

REFERENCES

Huber K, Gersh BJ, Goldstein P, Granger CB, Armstrong PW. The organization,
function, and outcomes of ST-elevation myocardial infarction networks
worldwide: current state, unmet needs and future directions. Eur Heart J.
2014;35(23):1526-1532. doi:10.1093/eurheartj/ehu125

Mayosi BM, Flisher AJ, Lalloo UG, Sitas F, Tollman SM, Bradshaw D. The
burden of non-communicable diseases in South Africa. Lancet (London,
England). 2009;374(9693):934-947. doi:10.1016/S0140-6736(09)61087-4

Coovadia H, Jewkes R, Barron P, Sanders D, Mcintyre D. The health and health
system of South Africa: historical roots of current public health challenges.
Lancet. 374:817-834. doi:10.1016/S0140

South African History Online. South African Politics and Society.
http://www.sahistory.org.za/. Published 2018. Accessed March 21, 2018.

Stassen W, Walllis L, Lambert C, Castren M, Kurland L. Percutaneous coronary
intervention still not accessible for many South Africans. African J Emerg Med.
2017;7(3):105-107. doi:10.1016/j.afjem.2017.04.009

South African Statistical Services. Technical Report: Methodological Report on
Rebasing of National Poverty Lines and Development of Privare Provincial

Poverty Lines.; 2015.

Statistics South Africa. Poverty Trends in South Africa: An Examination of
Absolute Poverty between 2006 and 2015. Pretoria; 2017.
http://www.statssa.gov.za/publications/Report-03-10-06/Report-03-10-
062015.pdf. Accessed March 27, 2018.

Statistics South Africa. General Household Survey 2016. Pretoria; 2017.
http://www.statssa.gov.za/publications/P0318/P03182016.pdf. Accessed March
27, 2018.

Onen CL. Epidemiology of ischaemic heart disease in sub-Saharan Africa :
review article. Cardiovasc J Afr. 2013;24(2):34-42. doi:10.5830/CVJA-2012-071

61



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Mbewu A. The burden of cardiovascular disease in sub-Saharan Africa. SA
Hear. 2009;6(5):4-10.

Ataguba J, Akazili J, Mcintyre D, Ataguba JE, Akazili J, Mcintyre D.
Socioeconomic-related health inequality in South Africa: evidence from General
Household Surveys. Int J Equity Health. 2011;10(1):48. doi:10.1186/1475-9276-
10-48

Lalloo R, Myburgh NG, Smith MJ, Solanki GC. Access to health care in South
Africa--the influence of race and class. S Afr Med J. 2004;94(8):639-642.

Harris B, Goudge J, Ataguba JE, et al. Inequities in access to health care in
South Africa. J Public Health Policy. 2011;32(S1):S102-S123.
doi:10.1057/jphp.2011.35

Mayosi BM, Benatar SR. Health and Health Care in South Africa — 20 Years
after Mandela. N Engl J Med. 2014;371(14):1344-1353.
doi:10.1056/NEJMsr1405012

Snyders A, Delport R. Referral pathways for reperfusion of STEMI — developing

strategies for appropriate intervention. :74-80.

Tollman SM, Kahn K, Sartorius B, Collinson MA, Clark SJ, Garenne ML.
Implications of mortality transition for primary health care in rural South Africa: a
population-based surveillance study. Lancet (London, England).
2008;372(9642):893-901. doi:10.1016/S0140-6736(08)61399-9

Seedat YK. Impact of poverty on hypertension and cardiovascular disease in
sub-Saharan Africa. Cardiovasc J Afr. 2007;18(5):316-320.

Roth GA, Huffman MD, Moran AE, et al. Global and Regional Patterns in
Cardiovascular Mortality From 1990 to 2013. Circulation. 2015;132(17):1667-
1678. doi:10.1161/CIRCULATIONAHA.114.008720

Roth GA, Johnson C, Abajobir A, et al. Global, Regional, and National Burden of
Cardiovascular Diseases for 10 Causes, 1990 to 2015. J Am Coll Cardiol.
2017;70(1):1-25. doi:10.1016/J.JACC.2017.04.052

Vorster HH. The emergence of cardiovascular disease during urbanisation of

62



21.

22.

23.

24.

25.

26.

27.

28.

29.

Africans. Public Health Nutr. 2002;5(1A):239-243.

Mensah GA. Descriptive Epidemiology of Cardiovascular Risk Factors and
Diabetes in Sub-Saharan Africa. Prog Cardiovasc Dis. 2013;56(3):240-250.
doi:10.1016/j.pcad.2013.10.014

Gaziano TA. Reducing the growing burden of cardiovascular disease in the
developing world. Health Aff (Millwood). 2007;26(1):13-24.
doi:10.1377/nlthaff.26.1.13

Hertz JT, Reardon JM, Rodrigues CG, et al. Acute Myocardial Infarction in Sub-
Saharan Africa: The Need for Data. Miranda JJ, ed. PLoS One.
2014;9(5):e96688. doi:10.1371/journal.pone.0096688

Ikem I, Sumpio BE. Cardiovascular disease: the new epidemic in sub-Saharan
Africa. Vascular. 2011;19(6):301-307. doi:10.1258/vasc.2011.ra0049

Onen CL. Epidemiology of ischaemic heart disease in sub-Saharan Africa.
Cardiovasc J Afr. 2013;24(2):34-42. doi:10.5830/CVJA-2012-071

Sliwa K, Wilkinson D, Hansen C, et al. Spectrum of heart disease and risk
factors in a black urban population in South Africa (the Heart of Soweto Study):
a cohort study. Lancet. 2008;371(9616):915-922. doi:10.1016/S0140-
6736(08)60417-1

Tibazarwa K, Ntyintyane L, Sliwa K, et al. A time bomb of cardiovascular risk
factors in South Africa: results from the Heart of Soweto Study &quot;Heart
Awareness Days&quot;. Int J Cardiol. 2009;132(2):233-2309.
doi:10.1016/j.ijcard.2007.11.067

Statistics South Africa. Mortality and Causes of Death in South Africa, 2016:
Findings from Death Notification. Pretoria; 2018.
http://www.statssa.gov.za/publications/P03093/P030932016.pdf. Accessed April
1, 2018.

Ibanez B, James S, Agewall S, et al. 2017 ESC Guidelines for the management
of acute myocardial infarction in patients presenting with ST-segment elevation:

The Task Force for the management of acute myocardial infarction in patients

63



30.

31.

32.

33.

34.

35.

36.

37.

presenting with ST-segment elevation of the European Socie. Eur Heart J.
August 2017. doi:10.1093/eurheartj/ehx393

Schamroth C. Management of acute coronary syndrome in South Africa:
insights from the ACCESS (Acute Coronary Events - a Multinational Survey of
Current Management Strategies) registry : cardiovascular topics. Cardiovasc J
Afr. 2012;23(7):365-370. doi:10.5830/CVJA-2012-017

Jardim TV, Reiger S, Abrahams-Gessel S, et al. Disparities in Management of
Cardiovascular Disease in Rural South Africa: Data From the HAALSI Study
(Health and Aging in Africa: Longitudinal Studies of International Network for the
Demographic Evaluation of Populations and Their Health Communities). Circ
Cardiovasc Qual Outcomes. 2017;10(11):e004094.
doi:10.1161/CIRCOUTCOMES.117.004094

Nikolaou NI, Arntz H-R, Bellou A, et al. European Resuscitation Council
Guidelines for Resuscitation 2015 Section 8. Initial management of acute
coronary syndromes. Resuscitation. 2015;95:264-277.
doi:10.1016/j.resuscitation.2015.07.030

Thygesen K, Alpert JS, Jaffe AS, et al. Third universal definition of myocardial
infarction. Eur Heart J. 2012;33(20):2551-2567. doi:10.1093/eurheartj/ehs184

SAMA / Acute Coronary Syndrome Working Group. Management of Acute
Coronary Syndromes: Clinical Guideline. South African Med J. 2001;91(10):879-
895.

Kumar A, Cannon CP. Acute coronary syndromes: diagnosis and management,
part |. Mayo Clin Proc. 2009;84(10):917-938. doi:10.1016/S0025-
6196(11)60509-0

Cannon CP, McCabe CH, Stone PH, et al. The electrocardiogram predicts one-
year outcome of patients with unstable angina and non-Q wave myocardial
infarction: results of the TIMI Il Registry ECG Ancillary Study. Thrombolysis in
Myocardial Ischemia. J Am Coll Cardiol. 1997;30(1):133-140.

ACCESS Investigators. Management of acute coronary syndromes in

developing countries: acute coronary events-a multinational survey of current

64



38.

39.

40.

41.

42.

43.

44.

45.

management strategies. Am Heart J. 2011;162(5):852-859.e22.
doi:10.1016/j.ahj.2011.07.029

Yudi MB, Ramchand J, Farouque O, et al. Impact of door-to-balloon time on
long-term mortality in high- and low-risk patients with ST-elevation myocardial
infarction. Int J Cardiol. 2016;224:72-78. doi:10.1016/j.ijcard.2016.09.003

Shahin M, Obeid S, Hamed L, et al. Occurrence and Impact of Time Delay to
Primary Percutaneous Coronary Intervention in Patients With ST-Segment
Elevation Myocardial Infarction. Cardiol Res. 2017;8(5):190-198.
doi:10.14740/cr612w

De Luca G. Time Delay to Treatment and Mortality in Primary Angioplasty for
Acute Myocardial Infarction: Every Minute of Delay Counts. Circulation.
2004;109(10):1223-1225. doi:10.1161/01.CIR.0000121424.76486.20

Akimbaeva Z, Ismailov Z, Akanov AA, RadiSauskas R, Padaiga Z. Assessment
of coronary care management and hospital mortality from ST-segment elevation
myocardial infarction in the Kazakhstan population: Data from 2012 to 2015.
Medicina (B Aires). 2017;53(1):58-65. doi:10.1016/j.medici.2017.01.006

Rathore S, Curtis J, Chen J. Association of door-to-balloon time and mortality in
patients admitted to hospital with ST elevation myocardial infarction: national
cohort study. BMJ Br Med. 2009. doi:10.1136/bmj.b1807

Dubey G, Verma SK, Bahl VK. Primary percutaneous coronary intervention for
acute ST elevation myocardial infarction: Outcomes and determinants of
outcomes: A tertiary care center study from North India. Indian Heart J.
2017;69(3):294-298. doi:10.1016/).ihj.2016.11.322

Koul S, Andell P, Martinsson A, et al. Delay From First Medical Contact to
Primary PCI and All-Cause Mortality: A Nationwide Study of Patients With ST-
Elevation Myocardial Infarction. J Am Heart Assoc. 2014;3(2):e000486-
e000486. doi:10.1161/JAHA.113.000486

Boersma E, Maas AC, Deckers JW, Simoons ML. Early thrombolytic treatment
in acute myocardial infarction: reappraisal of the golden hour. Lancet.
1996;348(9030):771-775. doi:10.1016/S0140-6736(96)02514-7

65



46.

47.

48.

49.

50.

51.

52.

53.

54.

Rawles JM. Quantification of the Benefit of Earlier Thrombolytic Therapy: Five-
Year Results of the Grampian Region Early Anistreplase Trial (GREAT). J Am
Coll Cardiol. 1997;30(5):1181-1186. doi:10.1016/S0735-1097(97)00299-4

Terkelsen CJ, Jensen LO, Tilsted H-H, et al. Health Care System Delay and
Heart Failure in Patients With ST-Segment Elevation Myocardial Infarction
Treated With Primary Percutaneous Coronary Intervention: Follow-up of
Population-Based Medical Registry Data. Ann Intern Med. 2011;155(6):361.
doi:10.7326/0003-4819-155-6-201109200-00004

Studnek JR, Infinger A, Wilson H, Niess G, Jackson P, Swanson D. Decreased
Time from 9-1-1 Call to PCI among Patients Experiencing STEMI Results in a
Decreased One Year Mortality. Prehospital Emerg Care. March 2018:1-7.
doi:10.1080/10903127.2018.1447621

Terkelsen CJ, Sgrensen JT, Maeng M, et al. System Delay and Mortality Among
Patients With STEMI Treated With Primary Percutaneous Coronary Intervention.
JAMA. 2010;304(7):763. doi:10.1001/jama.2010.1139

Beig JR, Tramboo NA, Kumar K, et al. Components and determinants of
therapeutic delay in patients with acute ST-elevation myocardial infarction: A
tertiary care hospital-based study. J Saudi Hear Assoc. 2017;29(1):7-14.
doi:10.1016/J.JSHA.2016.06.001

Nielsen CG, Laut KG, Jensen LO, Ravkilde J, Terkelsen CJ, Kristensen SD.
Patient delay in patients with ST-elevation myocardial infarction: Time patterns
and predictors for a prolonged delay. Eur Hear J Acute Cardiovasc Care. 2016.
doi:10.1177/2048872616676570

Chetty R, Ross A. Chart review of acute myocardial infarction at a district
hospital in KwaZulu-Natal, South Africa. African J Prim Heal care Fam Med.
2016;8(1):e1-5. doi:http://dx.doi. org/10.4102/phcfm. v8i1.1012

Meel R, Gongalves R. Time to fibrinolytics for acute myocardial infarction:
Reasons for delays at Steve Biko academic hospital, Pretoria, South Africa.
South African Med J. 2016;106(1):92-96. doi:10.7196/SAMJ.2016.v106i1.9801

Khan A, Phadke M, Lokhandwala YY, Nathani PJ. A Study of Prehospital Delay

66



55.

56.

57.

58.

59.

60.

61.

62.

Patterns in Acute Myocardial Infarction in an Urban Tertiary Care Institute in
Mumbai. J Assoc Physicians India. 2017;65(5):24-27.

Taghaddosi M, Dianati N, Fath Gharib Bidgoli J, Bahonaran J. Delay and its
Related Factors in Seeking Treatment in Patients with Acute Myocardial
Infarction. ARYA Atheroscler. 2010;6(1):35-41.

Chai LS, Putit Z, Siop S pd. Barriers to timely treatment-seeking in patients with
acute myocardial infarction in Malaysia: a qualitative study. BMC Nurs.
2016;15(1):33. doi:10.1186/s12912-016-0155-5

George L, Ramamoorthy L, Satheesh S, Saya R, Subrahmanyam DKS.
Prehospital delay and time to reperfusion therapy in ST elevation myocardial
infarction. J Emerg Trauma Shock. 2017;10(2):64. doi:10.4103/0974-
2700.201580

Thylén |, Ericsson M, Hellstrdm Angerud K, Isaksson R-M, Sederholm
Lawesson S, SymTime study group on behalf of the S study. First medical
contact in patients with STEMI and its impact on time to diagnosis; an
explorative cross-sectional study. BMJ Open. 2015;5(4):e007059.
doi:10.1136/bmjopen-2014-007059

Ghazawy ER, Seedhom AE, Mahfouz EM. Predictors of Delay in Seeking
Health Care among Myocardial Infarction Patients, Minia District, Egypt. Adv
Prev Med. 2015;2015:342361. doi:10.1155/2015/342361

Khraim FM, Carey MG. Predictors of pre-hospital delay among patients with
acute myocardial infarction. Patient Educ Couns. 2009;75(2):155-161.
doi:10.1016/j.pec.2008.09.019

Kakou-Guikahue M, N'Guetta R, Anzouan-Kacou J-B, et al. Optimizing the
management of acute coronary syndromes in sub-Saharan Africa: A statement
from the AFRICARDIO 2015 Consensus Team. Arch Cardiovasc Dis.
2016;109(6-7):376-383. doi:10.1016/J.ACVD.2015.12.005

Loh JP, Satler LF, Pendyala LK, et al. Use of emergency medical services
expedites in-hospital care processes in patients presenting with ST-segment

elevation myocardial infarction undergoing primary percutaneous coronary

67



63.

64.

65.

66.

67.

68.

69.

70.

intervention. Cardiovasc Revascularization Med. 2014;15(4):219-225.
doi:10.1016/j.carrev.2014.03.011

Nilsson G, Mooe T, Sdéderstrom L, Samuelsson E. Pre-hospital delay in patients
with first time myocardial infarction: an observational study in a northern
Swedish population. BMC Cardiovasc Disord. 2016;16(1):93.
doi:10.1186/s12872-016-0271-x

Zhang S, Hu D, Wang X, Yang J. Use of Emergency Medical Services in
Patients with Acute Myocardial Infarction in China. Clin Cardiol. 2009;32(3):137-
141. doi:10.1002/clc.20247

Kaul P, Welsh RC, Liu W, Savu A, Weiss DR, Armstrong PW. Temporal and
Provincial Variation in Ambulance Use Among Patients Who Present to Acute
Care Hospitals With ST-Elevation Myocardial Infarction. Can J Cardiol.
2016;32(8):949-955. doi:10.1016/j.cjca.2015.09.017

Imori Y, Akasaka T, Shishido K, et al. Prehospital Transfer Pathway and
Mortality in Patients Undergoing Primary Percutaneous Coronary Intervention.
Circ J. 2015;79(9):2000-2008. doi:10.1253/circj.CJ-14-0678

Scholz KH, Maier SKG, Maier LS, et al. Impact of treatment delay on mortality in
ST-segment elevation myocardial infarction (STEMI) patients presenting with
and without haemodynamic instability: results from the German prospective,
multicentre FITT-STEMI trial. Eur Heart J. 2018;39(13):1065-1074.
doi:10.1093/eurheartj/ehy004

Fujii T, Masuda N, Suzuki T, et al. Impact of transport pathways on the time
from symptom onset of ST-segment elevation myocardial infarction to door of
coronary intervention facility. J Cardiol. 2014;64(1):11-18.
doi:10.1016/j.jjcc.2013.11.008

Maharaj RC, Geduld H, Wallis L a. Door-to-needle time for administration of
fibrinolytics in acute myocardial infarction in Cape Town. S Afr Med J.
2012;102(4):241-244.

Tan L-L, Wong H-B, Poh C-L, et al. Utilisation of emergency medical service

among Singapore patients presenting with ST-segment elevation myocardial

68



71.

72.

73.

74.

75.

76.

77.

78.

infarction: prevalence and impact on ischaemic time. Intern Med J.
2011;41(12):809-814. doi:10.1111/j.1445-5994.2010.02278.x

Mooney M, O’Brien F, McKee G, O’Donnell S, Moser D. Ambulance use in
acute coronary syndrome in Ireland: A cross-sectional study. Eur J Cardiovasc
Nurs. 2016;15(5):345-354. doi:10.1177/1474515115579134

Callachan EL, Alsheikh-Ali AA, Nair SC, Bruijns S, Wallis LA. Utilizations and
Perceptions of Emergency Medical Services by Patients with ST-Segments
Elevation Acute Myocardial Infarction in Abu Dhabi: A Multicenter Study. Heart
Views. 2016;17(2):49-54. doi:10.4103/1995-705X.185113

Mooney M, McKee G, Fealy G, O’'Brien F, O’Donnell S, Moser D. A review of
interventions aimed at reducing pre-hospital delay time in acute coronary
syndrome: what has worked and why? Eur J Cardiovasc Nurs. 2012;11(4):445-
453. doi:10.1016/j.ejcnurse.2011.04.003

Bray JE, Stub D, Ngu P, et al. Mass Media Campaigns’ Influence on Prehospital
Behavior for Acute Coronary Syndromes: An Evaluation of the Australian Heart
Foundation’s Warning Signs Campaign. J Am Heart Assoc. 2015;4(7).
doi:10.1161/JAHA.115.001927

Nehme Z, Cameron PA, Akram M, et al. Effect of a mass media campaign on
ambulance use for chest pain. Med J Aust. 2017;206(1):30-35.

South African Human Rights Commission. Public Inquiry : Access to Health
Care Services. Johannesburg; 2007.
http://www.sahrc.org.za/home/21/files/Health Report.pdf. Accessed April 17,
2018.

Stengaard C, Sgrensen JT, Rasmussen MB, Batker MT, Kjaer Pedersen C,
Terkelsen CJ. Prehospital diagnosis of patients with acute myocardial infarction.
Diagnosis. 2016;3(4):155-166. doi:10.1515/dx-2016-0021

Peterson MC, Syndergaard T, Bowler J, Doxey R. A systematic review of factors
predicting door to balloon time in ST-segment elevation myocardial infarction
treated with percutaneous intervention. Int J Cardiol. 2012;157(1):8-23.
doi:10.1016/j.ijcard.2011.06.042

69



79.

80.

81.

82.

83.

84.

85.

86.

Ortolani P, Marzocchi A, Marrozzini C, et al. Clinical impact of direct referral to
primary percutaneous coronary intervention following pre-hospital diagnosis of
ST-elevation myocardial infarction. Eur Heart J. 2006;27(13):1550-1557.
doi:10.1093/eurheartj/ehl006

Quinn T, Johnsen S, Gale CP, et al. Effects of prehospital 12-lead ECG on
processes of care and mortality in acute coronary syndrome: a linked cohort
study from the Myocardial Ischaemia National Audit Project. Heart.
2014;100(12):944-950. doi:10.1136/heartjnl-2013-304599

Ducas RA, Labos C, Allen D, et al. Association of Pre-hospital ECG
Administration With Clinical Outcomes in ST-Segment Myocardial Infarction: A
Systematic Review and Meta-analysis. Can J Cardiol. 2016;32(12):1531-1541.
doi:10.1016/j.cjca.2016.06.004

Nam J, Caners K, Bowen JM, Welsford M, O’Reilly D. Systematic review and
meta-analysis of the benefits of out-of-hospital 12-lead ECG and advance
notification in ST-segment elevation myocardial infarction patients. Ann Emerg
Med. 2014;64(2):176-186, 186-9. doi:10.1016/j.annemergmed.2013.11.016

Drew BJ, Sommargren CE, Schindler DM, Benedict K, Zegre-Hemsey J, Glancy
JP. A Simple Strategy Improves Prehospital Electrocardiogram Utilization and
Hospital Treatment for Patients with Acute Coronary Syndrome (from the ST
SMART Study). Am J Cardiol. 2011;107(3):347-352.
doi:10.1016/j.amjcard.2010.09.027

Werman H a, Newland R, Cotton B. Transmission of 12-lead
electrocardiographic tracings by Emergency Medical Technician-Basics and
Emergency Medical Technician-Intermediates: a feasibility study. Am J Emerg
Med. 2011;29(4):437-440. doi:10.1016/j.ajem.2010.01.015

Trivedi K, Schuur JD, Cone DC. Can paramedics read ST-segment elevation
myocardial infarction on prehospital 12-lead electrocardiograms? Prehosp
Emerg Care. 13(2):207-214. doi:10.1080/10903120802706153

Mencl F, Wilber S, Frey J, Zalewski J, Maiers JF, Bhalla MC. Paramedic Ability

to Recognize ST-segment Elevation Myocardial Infarction on Prehospital

70



87.

88.

89.

90.

91.

92.

93.

Electrocardiograms. Prehospital Emerg Care. 2013;17(2):203-210.
doi:10.3109/10903127.2012.755585

Le May MR, Dionne R, Maloney J, et al. Diagnostic performance and potential
clinical impact of advanced care paramedic interpretation of ST-segment
elevation myocardial infarction in the field. CJEM. 2006;8(6):401-407.
http://www.ncbi.nim.nih.gov/pubmed/17209489. Accessed April 3, 2018.

Tanguay A, Brassard E, Lebon J, Bégin F, Hébert D, Paradis J-M. Effectiveness
of a Prehospital Wireless 12-Lead Electrocardiogram and Cardiac
Catheterization Laboratory Activation for ST-Elevation Myocardial Infarction. Am
J Cardiol. 2017;119(4):553-559. doi:10.1016/j.amjcard.2016.10.042

Barnes GD, Katz A, Desmond JS, et al. False activation of the cardiac
catheterization laboratory for primary PCIl. Am J Manag Care. 2013;19(8):671-
675. http://www.ncbi.nlm.nih.gov/pubmed/24304215.

Patel A, Parikh R, Poddar KL, Ellis SG, Tuzcu EM, Kapadia SR. Frequency and
factors associated with inappropriate for intervention cardiac catheterization
laboratory activation. Cardiovasc Revasc Med. 2016;17(4):219-224.
doi:10.1016/j.carrev.2016.03.015

Youngquist ST, Shah AP, Niemann JT, Kaji AH, French WJ. A comparison of
door-to-balloon times and false-positive activations between emergency
department and out-of-hospital activation of the coronary catheterization team.
Acad Emerg Med. 2008;15(8):784-787. doi:10.1111/j.1553-2712.2008.00186.x

Davis DP, Graydon C, Stein R, et al. The Positive Predictive Value of Paramedic
Versus Emergency Physician Interpretation of the Prehospital 12-Lead
Electrocardiogram. Prehospital Emerg Care. 2007;11(4):399-402.
doi:10.1080/10903120701536784

Brunetti ND, Di Pietro G, Aquilino A, et al. Pre-hospital electrocardiogram triage
with tele-cardiology support is associated with shorter time-to-balloon and higher
rates of timely reperfusion even in rural areas: data from the Bari-
Barletta/Andria/Trani public emergency medical service 118 regist. Eur Hear
journal Acute Cardiovasc care. 2014;3(3):204-213.

71



doi:10.1177/2048872614527009

94. Kawakami S, Tahara Y, Noguchi T, et al. Time to Reperfusion in ST-Segment
Elevation Myocardial Infarction Patients With vs. Without Pre-Hospital Mobile
Telemedicine 12-Lead Electrocardiogram Transmission. Circ J.
2016;80(7):1624-1633. doi:10.1253/circj.CJ-15-1322

95. Rao A, Kardouh Y, Darda S, et al. Impact of the prehospital ECG on door-to-
balloon time in ST elevation myocardial infarction. Catheter Cardiovasc Interv.
2010;75(2):174-178. doi:10.1002/ccd.22257

96. Sejersten M, Sillesen M, Hansen PR, et al. Effect on treatment delay of
prehospital teletransmission of 12-lead electrocardiogram to a cardiologist for
immediate triage and direct referral of patients with ST-segment elevation acute
myocardial infarction to primary percutaneous coronary interventi. Am J Cardiol.
2008;101(7):941-946. doi:10.1016/j.amjcard.2007.11.038

97. Rasmussen MB, Frost L, Stengaard C, et al. Diagnostic performance and
system delay using telemedicine for prehospital diagnosis in triaging and
treatment of STEMI. Heart. 2014;100(9):711-715. doi:10.1136/heartjnl-2013-
304576

98. Rezaee ME, Conley SM, Anderson TA, Brown JR, Yanofsky NN, Niles NW.
Primary Percutaneous Coronary Intervention for Patients Presenting With ST-
Elevation Myocardial Infarction: Process Improvements in Rural Prehospital
Care Delivered by Emergency Medical Services. Prog Cardiovasc Dis.
2010;53(3):210-218. doi:10.1016/j.pcad.2010.09.003

99. Kleinrok A, Ptaczkiewicz DT, Puzniak M, Dgbrowski P, Adamczyk T. System
teletransmisji EKG i telekonsultacji kardiologicznej podstawowym elementem
organizacji opieki medycznej nad pacjentami z zawatem serca z uniesieniem
odcinka ST: doswiadczenia wtasne. Kardiol Pol. 2014;72(4):345-354.
doi:10.5603/KP.a2013.0352

100. Le May MR, Davies RF, Dionne R, et al. Comparison of Early Mortality of
Paramedic-Diagnosed ST-Segment Elevation Myocardial Infarction With

Immediate Transport to a Designated Primary Percutaneous Coronary

72



101.

102.

103.

104.

105.

106.

Intervention Center to That of Similar Patients Transported to the Nearest
Hospital. Am J Cardiol. 2006;98(10):1329-1333.
doi:10.1016/j.amjcard.2006.06.019

Ong MEH, Wong ASL, Seet CM, et al. Nationwide improvement of door-to-
balloon times in patients with acute ST-segment elevation myocardial infarction
requiring primary percutaneous coronary intervention with out-of-hospital 12-
lead ECG recording and transmission. Ann Emerg Med. 2013;61(3):339-347.
doi:10.1016/j.annemergmed.2012.08.020

Bennin C-LK, Ibrahim S, Al-Saffar F, Box LC, Strom JA. Achieving timely
percutaneous reperfusion for rural ST-elevation myocardial infarction patients by
direct transport to an urban PCl-hospital. J Geriatr Cardiol. 2016;13(10):840-
845. doi:10.11909/j.issn.1671-5411.2016.10.012

Frendl DM, Palmeri ST, Clapp JR, et al. Overcoming barriers to developing
seamless ST-segment elevation myocardial infarction care systems in the
United States: recommendations from a comprehensive Prehospital 12-lead
Electrocardiogram Working Group. J Electrocardiol. 42(5):426-431.
doi:10.1016/j.jelectrocard.2009.03.011

Garvey JL, MacLeod BA, Sopko G, Hand MM. Pre-Hospital 12-Lead
Electrocardiography Programs: A Call for Implementation by Emergency
Medical Services Systems Providing Advanced Life Support—National Heart
Attack Alert Program (NHAAP) Coordinating Committee; National Heart, Lung,
and Blood Institute (NHLBI); National Institutes of Health. J Am Coll Cardiol.
2006;47(3):485-491. doi:10.1016/J.JACC.2005.08.072

Professional Board for Emergency Care. Capabilities of Emergency Care
Providers. Pretoria: Health Professions Council of South Africa.
http://www.hpcsa.co.za/%0AUploads/editor/UserFiles/downloads/emergency_ca
re/capabilities_baa_eae_ecp_ect_jul_2013_%O0Afinal.pdf. Published 2011.
Accessed February 12, 2018.

Yanamala CM, Bundhun PK, Ahmed A. Comparing mortality between
fibrinolysis and primary percutaneous coronary intervention in patients with
acute myocardial infarction. Coron Artery Dis. 2017;28(4):315-325.

73



107.

108.

109.

110.

111.

112.

113.

114.

doi:10.1097/MCA.0000000000000489

Huynh T, Perron S, O’Loughlin J, et al. Comparison of Primary Percutaneous
Coronary Intervention and Fibrinolytic Therapy in ST-Segment-Elevation
Myocardial Infarction: Bayesian Hierarchical Meta-Analyses of Randomized
Controlled Trials and Observational Studies. Circulation. 2009;119(24):3101-
3109. doi:10.1161/CIRCULATIONAHA.108.793745

De Luca G, Biondi-Zoccai G, Marino P. Transferring Patients With ST-Segment
Elevation Myocardial Infarction for Mechanical Reperfusion: A Meta-Regression
Analysis of Randomized Trials. Ann Emerg Med. 2008;52(6):665-676.
doi:10.1016/j.annemergmed.2008.08.033

Park JH, Ahn KO, Shin S Do, et al. The first-door-to-balloon time delay in STEMI
patients undergoing interhospital transfer. Am J Emerg Med. 2016;34(5):767-
771. doi:10.1016/j.ajem.2015.12.058

Tra J, van der Wulp |, de Bruijne MC, Wagner C. Exploring the treatment delay
in the care of patients with ST-elevation myocardial infarction undergoing acute
percutaneous coronary intervention: a cross-sectional study. BMC Health Serv
Res. 2015;15:340. doi:10.1186/s12913-015-0993-y

Nakatsuma K, Shiomi H, Morimoto T, et al. Inter-Facility Transfer vs. Direct
Admission of Patients With ST-Segment Elevation Acute Myocardial Infarction
Undergoing Primary Percutaneous Coronary Intervention. Circ J.
2016;80(8):1764-1772. doi:10.1253/circj.CJ-16-0204

Mahmoud KD, Gu YL, Nijsten MW, et al. Interhospital transfer due to failed
prehospital diagnosis for primary percutaneous coronary intervention: an
observational study on incidence, predictors, and clinical impact. Eur Hear J
Acute Cardiovasc Care. 2013;2(2):166-175. doi:10.1177/2048872613481449

Le May MR, Wells GA, So DY, et al. Reduction in Mortality as a Result of Direct
Transport From the Field to a Receiving Center for Primary Percutaneous
Coronary Intervention. J Am Coll Cardiol. 2012;60(14):1223-1230.
doi:10.1016/J.JACC.2012.07.008

Almawiri A, Jan V, Ziad A, Martin J, Josef S. Mortality benefit of primary

74



115.

116.

117.

118.

119.

120.

121.

122.

transportation to a PCl-capable center persists through an eight-year follow-up
in patients with ST-segment elevation myocardial infarction. J Interv Cardiol.
2017;30(6):522-526. doi:10.1111/joic.12419

Kawecki D, Gierlotka M, Morawiec B, et al. Direct Admission Versus
Interhospital Transfer for Primary Percutaneous Coronary Intervention in ST-
Segment Elevation Myocardial Infarction. JACC Cardiovasc Interv.
2017;10(5):438-447. doi:10.1016/j.jcin.2016.11.028

Dieker H-J, Liem SSB, El Aidi H, et al. Pre-Hospital Triage for Primary
Angioplasty. JACC Cardiovasc Interv. 2010;3(7):705-711.
doi:10.1016/j.jcin.2010.04.010

McCaul M, Lourens A, Kredo T. Pre-hospital versus in-hospital thrombolysis for
ST-elevation myocardial infarction. In: McCaul M, ed. Cochrane Database of
Systematic Reviews. Chichester, UK: John Wiley & Sons, Ltd; 2014.
doi:10.1002/14651858.CD010191.pub2

Roule V, Ardouin P, Blanchart K, et al. Prehospital fibrinolysis versus primary
percutaneous coronary intervention in ST-elevation myocardial infarction: a
systematic review and meta-analysis of randomized controlled trials. Crit Care.
2016;20(1):359. doi:10.1186/s13054-016-1530-z

Joy ER, Kurian J, Gale CP. Comparative effectiveness of primary PCI versus
fibrinolytic therapy for ST elevation myocardial infarction: a review of the
literature. J Comp Eff Res. 2016;5(2):217-226. doi:10.2217/cer-2015-0011

O’Connor RE, Brady W, Brooks SC, et al. Part 10: acute coronary syndromes:
2010 American Heart Association Guidelines for Cardiopulmonary Resuscitation
and Emergency Cardiovascular Care. Circulation. 2010;122(18 Suppl 3):S787-
817. doi:10.1161/CIRCULATIONAHA.110.971028

Kalla K, Christ G, Karnik R, et al. Implementation of Guidelines Improves the
Standard of Care: The Viennese Registry on Reperfusion Strategies in ST-
Elevation Myocardial Infarction (Vienna STEMI Registry). Circulation.
2006;113(20):2398-2405. doi:10.1161/CIRCULATIONAHA.105.586198

Henry TD, Sharkey SW, Burke MN, et al. A Regional System to Provide Timely

75



123.

124.

125.

126.

127.

128.

129.

130.

Access to Percutaneous Coronary Intervention for ST-Elevation Myocardial
Infarction. Circulation. 2007;116(7):721-728.
doi:10.1161/CIRCULATIONAHA.107.694141

Holmes DR, Bell MR, Gersh BJ, et al. Systems of Care to Improve Timeliness of
Reperfusion Therapy for ST-Segment Elevation Myocardial Infarction During Off
Hours. JACC Cardiovasc Interv. 2008;1(1):88-96. doi:10.1016/j.jcin.2007.10.002

Le May MR, So DY, Dionne R, et al. A Citywide Protocol for Primary PCl in ST-
Segment Elevation Myocardial Infarction. N Engl J Med. 2008;358(3):231-240.
doi:10.1056/NEJMoa073102

Cequier A, Ariza-Solé A, Elola FJ, et al. Impact on Mortality of Different Network
Systems in the Treatment of ST-segment Elevation Acute Myocardial Infarction.
The Spanish Experience. Rev Espafiola Cardiol (English Ed. 2017;70(3):155-
161. doi:10.1016/j.rec.2016.07.005

Langabeer JR, Smith DT, Cardenas-Turanzas M, et al. Impact of a Rural
Regional Myocardial Infarction System of Care in Wyoming. J Am Heart Assoc.
2016;5(5). doi:10.1161/JAHA.116.003392

Alexander T, Mullasari AS, Joseph G, et al. A System of Care for Patients With
ST-Segment Elevation Myocardial Infarction in India: The Tamil Nadu-ST-
Segment Elevation Myocardial Infarction Program. JAMA Cardiol.
2017;2(5):498-505. doi:10.1001/jamacardio.2016.5977

Kaifoszova Z, Kala P, Alexander T, et al. Stent for Life Initiative: leading
example in building STEMI systems of care in emerging countries.
Eurolntervention. 2014;10(T):T87-T95. doi:10.4244/EIJV10STA14

Martinez-Sanchez C, Arias-Mendoza A, Gonzalez-Pacheco H, et al.
Reperfusion therapy of myocardial infarction in Mexico: A challenge for modern
cardiology. Arch Cardiol México. 2017;87(2):144-150.
doi:10.1016/j.acmx.2016.12.007

Borrayo-sanchez G, Rosas-peralta M, Ramirez-arias E, Almeida-gutiérrez E,
Arizmendi-uribe E. National Network Plan for St- Elevation Acute Myocardial
Infarction , “ Infarction Code .” SM J Cardiol Cardiovasc Disord. 2017;3(2):1016.

76



131.

132.

133.

134.

135.

136.

137.

138.

139.

Govender K, Grainger L, Naidoo R, MacDonald R. The pending loss of
advanced life support paramedics in South Africa. African J Emerg Med.
2012;2(2):59-66. doi:10.1016/J.AFJEM.2011.11.001

Department of Health of South Africa. Regulations Relating to the Qualifications
for Registration of Basic Ambulance Assistants, Ambulance Emergency
Assistants, Operational Emergency Care Orderlies and Paramedics.
http://www.hpcsa.co.za/Uploads/editor/UserFiles/downloads/emergency_care/R
egulation_49 Short_Course.pdf. Accessed April 19, 2018.

Govender K, Grainger L, Naidoo R, MacDonald R. The pending loss of
advanced life support paramedics in South Africa. African J Emerg Med.
2012;2(2):59-66. doi:10.1016/j.afiem.2011.11.001

Health Professions Council of South Africa. Practitioner Statistics.
http://www.hpcsa.co.za/Publications/Statistics. Published 2017. Accessed
February 15, 2018.

Bruijns S, Maesela M, Sinha S, Banner M. Poor Access for African Researchers
to African Emergency Care Publications: A Cross-sectional Study. West J
Emerg Med. 2017;18(6):1018-1024. doi:10.5811/westjem.2017.8.34930

Bruijns SR, Banner M, Jacquet GA. Improving Publication Quality and Quantity
for Acute Care Authors From Low- and Middle-Income Settings. Ann Emerg
Med. 2017;69(4):462-468. doi:10.1016/j.annemergmed.2016.09.011

The East African. Pay discrepancies for professionals thwart movement of
labour. http://www.theeastafrican.co.ke/news/Pay-discrepancies-for-
professionals-thwart-movement-of-labour-/-/2558/1920956/-/fekexcz/-
/index.html. Published 2013. Accessed April 4, 2018.

ALJazeera. Zimbabwe doctors walk out on strike.
http://www.aljazeera.com/news/africa/2014/10/zimbabwe-doctors-walk-out-
strike-2014102811151865518.html. Published 2014. Accessed April 4, 2018.

AllAfrica. Mozambique: Massive Increase in Doctors’ Salaries.
http://allafrica.com/stories/201203301105.html. Published 2012. Accessed April
4, 2018.

77



140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

SalarySurvey. Salary Survey: Doctors in South Africa.
http://www.payscale.com/research/ZA/Job=Physician_%2F Doctor, General P

ractice/Salary. Accessed April 4, 2018.

Medpages. Hospital Departments: Cath Lab.
http://www.medpages.co.za/sf/index.php?page=servicecountry&servicecode=58
9. Published 2015. Accessed September 19, 2015.

South African Statistical Services. Statistical Release: Mid-year population
estimates 2015. 2015;(July). doi:Statistical release P0302

South African Statistical Services. Statistical Release: General Household
Survey 2014.; 2015.

O’Gara PT, Kushner FG, Ascheim DD, et al. 2013 ACCF/AHA guideline for the
management of ST-elevation myocardial infarction: executive summary: a report
of the American College of Cardiology Foundation/American Heart Association
Task Force on Practice Guidelines. Circulation. 2013;127(4):529-555.
doi:10.1161/CIR.0b013e3182742c84

South African Statistical Services. Census 2011 Statistical Release — P0301.4.;
2011.

Tordella S. How to Relate to Centroids. Am Demogr. 1987;9:46-50.

Winston WL, Goldberg JB. Operations Research : Applications and Algorithms.
Thomson/Brooks/Cole; 2004.

Erlingsson C, Brysiewicz P. A hands-on guide to doing content analysis. African
J Emerg Med. 2017. doi:10.1016/j.afiem.2017.08.001

Curry LA, Nembhard IM, Bradley EH. Qualitative and mixed methods provide
unique contributions to outcomes research. Circulation. 2009;119(10):1442-
1452. doi:10.1161/CIRCULATIONAHA.107.742775

Shenton AK. Strategies for ensuring trustworthiness in qualitative research
projects. Educ Inf. 2004;22:63-75.
http://www.sasci.co.za/uploads/files/SFL_NWL_160419.pdf.

78



151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

Hackett D. How many cath labs do we need? Heart. 2003;89:827-829.
doi:10.1136/heart.89.8.827

Goudevenos JA, Korantzopoulos P, Papathanasiou A, et al. How many cath
labs do we need to perform primary percutaneous coronary interventions in a
particular population? Int J Cardiol. 2008;129(2):292-293.
doi:10.1016/j.ijcard.2007.06.052

Nallamothu BK, Bates ER, Wang Y, Bradley EH, Krumholz HM. Driving times
and distances to hospitals with percutaneous coronary intervention in the United
States: Implications for prehospital triage of patients with ST-elevation
myocardial infarction. Circulation. 2006;113(9):1189-1195.
doi:10.1161/CIRCULATIONAHA.105.596346

Stassen W. The proportion of South Africans living within 60 and 120 minutes
from a percutaneous coronary intervention facility. Cardiovasc J Afr.
2018;29(1):6-11.

Naidoo S. The South African national health insurance: a revolution in health-
care delivery! J Public Health (Bangkok). 2012;34(1):149-150.
doi:10.1093/pubmed/fds008

Armstrong PW, Gershlick AH, Goldstein P, et al. Fibrinolysis or Primary PCl in
ST-Segment Elevation Myocardial Infarction. N Engl J Med. 2013;368(15):1379-
1387. doi:10.1056/NEJMoa1301092

Danchin N, Durand E, Blanchard D. Pre-hospital thrombolysis in perspective.
Eur Heart J. 2008;29(23):2835-2842. doi:10.1093/eurheartj/ehn462

Widimsky P, Wijns W, Fajadet J, et al. Reperfusion therapy for ST elevation
acute myocardial infarction in Europe: description of the current situation in 30
countries. Eur Heart J. 2010;31(8):943-957. doi:10.1093/eurheartj/ehp492

Ergin M, Dundar ZD, Cander B. Thrombolysis in STEMI at Prehospital Settings.
J Acad Emerg Med. 2014;13:143-145. doi:10.5152/jaem.2014.81567

Steg PG, James SK, Atar D, et al. ESC Guidelines for the management of acute

myocardial infarction in patients presenting with ST-segment elevation. Eur

79



161.

162.

163.

164.

165.

166.

167.

168.

169.

Heart J. 2012;33(20):2569-2619. doi:10.1093/eurheartj/ens215

Benger JR, Karlsten R, Eriksson B. Prehospital thrombolysis: lessons from
Sweden and their application to the United Kingdom. Emerg Med J.
2002;19(6):578-583. doi:10.1136/EMJ.19.6.578

Woollard M, Pitt K, Hayward a J, Taylor NC. Limited benefits of ambulance
telemetry in delivering early thrombolysis: a randomised controlled trial. Emerg
Med J. 2005;22(3):209-215. doi:10.1136/em;.2003.013482

Mehta S, Granger C, Grines CL, et al. Confronting system barriers for ST-
elevation Ml in low and middle income countries with a focus on India. 2018.
doi:10.1016/.ihj.2017.06.020

Lipton JA, Broce M, Lucas D, et al. Comprehensive hospital care improvement
strategies reduce time to treatment in ST-elevation acute myocardial infarction.
Crit Pathw Cardiol. 2006;5(1):29-33. doi:10.1097/01.hpc.0000202248.77279.69

Parikh S V., Treichler DB, DePaola S, et al. Systems-Based Improvement in
Door-to-Balloon Times at a Large Urban Teaching Hospital: A Follow-Up Study
From Parkland Health and Hospital System. Circ Cardiovasc Qual Outcomes.
2009;2(2):116-122. doi:10.1161/CIRCOUTCOMES.108.820134

Daudelin DH, Sayah AJ, Kwong M, et al. Improving use of prehospital 12-lead
ECG for early identification and treatment of acute coronary syndrome and ST-
elevation myocardial infarction. Circ Cardiovasc Qual Outcomes. 2010;3(3):316-
323. doi:10.1161/CIRCOUTCOMES.109.895045

Mehta S, Granger CB, Henry TD, et al. Reducing system delays in treatment of
ST elevation myocardial infarction and confronting the challenges of late
presentation in low and middle-income countries. 2017.
doi:10.1016/.ihj.2016.12.020

Qureshi Al, Fareed M, Suri K, Kirmani JF, Divani AA. The Relative Impact of
Inadequate Primary and Secondary Prevention on Cardiovascular Mortality in
the United States. doi:10.1161/01.STR.0000141417.66620.09

Anderson L, Brown JP, Clark AM, et al. Patient education in the management of

80



170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

coronary heart disease. Cochrane Database Syst Rev. 2017;6:CD008895.
doi:10.1002/14651858.CD008895.pub3

Al-Sutari MM, Ahmad MM. Effect of educational program on self-care behaviors
and health outcome among patients with heart failure. Int J Evid Based Healthc.
2017;15(4):1. doi:10.1097/XEB.0000000000000108

Healthcare Act. South Africa; 1996.

http://www.info.gov.za/documents/acts/1996.htm.

Medical Schemes Act. Republic of South Africa
http://www.info.gov.za/gazette/acts/1998/a131-98.pdf (accessed 2016 Jan.

Kramer E. “No one may be refused emergency medical treatment” — ethical
dilemmas in South African emergency medicine. South African J Bioeth Law.
2008;1(2):53-56.

Walters J. Public transport policy implementation in South Africa : Quo vadis ? J
Transp Supply Chain Manag. 2006:1-10. doi:10.4102/jtscm.v8i1.134

Meents E, Boyles T. Emergency medical services--poor response time in the
rural Eastern Cape. S Afr Med J. 2010;100(12):790.

Stein C, Wallis L, Adetunji O. Meeting national response time targets for priority
1 incidents in an urban emergency medical services system in South Africa:
More ambulances won’t help. S Afr Med J. 2015;105(10):840-844.

Stein C, Mould-Millman N-K, De Vries S, Wallis L. Access to out-of-hospital
emergency care in Africa: Consensus conference recommendations. African J
Emerg Med. 2016;6(3):158-161. doi:10.1016/J.AFJEM.2016.08.008

Olola C, Broadbent M, Gardett |, Scott G, Clawson J. Characteristics of Acute
Myocardial Infarction Cases Coded as Low-Acuity at Dispatch. Ann Emerg
Dispatch Response. 2017;5(2):8-14.

Sporer KA, Johnson NJ. Detailed analysis of prehospital interventions in medical
priority dispatch system determinants. West J Emerg Med. 2011;12(1):19-29.

Stowens J, Sonnad S, Rosenbaum R. Using EMS Dispatch to Trigger STEMI

81



181.

182.

183.

184.

Alerts Decreases Door-to-Balloon Times. West J Emerg Med. 2015;16(3):472-
480. doi:10.5811/westjem.2015.4.24248

McCaul M, Lourens A, Kredo T. Pre-hospital versus in-hospital thrombolysis for
ST-elevation myocardial infarction. Cochrane Database Syst Rev. September
2014. doi:10.1002/14651858.CD010191.pub2

Stassen W, Wylie C, Holgate R. An online learning programme improves
traumatic brain injury guideline adherence in a South African Helicopter
Emergency Medical Service. African J Emerg Med. 2015;5(4).
doi:10.1016/j.afjem.2015.05.001

Delport R. Frontline initiatives in early myocardial reperfusion with ST -elevation
myocardial infarction. Cardiovasc J Afr. 2016;27(4):270.

Sorita A, Ahmed A, Starr SR, et al. Off-hour presentation and outcomes in
patients with acute myocardial infarction: systematic review and meta-analysis.
BMJ. 2014;348(jan21 4):f7393-f7393. doi:10.1136/bm;j.f7393

82



