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INTRODUCTION

Ischemic heart disease (IHD) is the leading cause of mortality("
world-wide, surpassing the combined death toll of TB, HIV, and
malaria worldwide.? In South Africa (SA), while TB, diabetes
mellitus (DM), and stroke are the leading causes of death, car-
diovascular disease consistently ranks amongst the top 5.2
Within IHD, acute coronary syndromes (ACS) are the most
common cause of death, chiefly attributed to ST-segment
elevation myocardial infarction (STEMI). Unfortunately, South
African data reporting the incidence and prevalence of ACS
are limited.®? European registries indicate a STEMI incidence
ranging from 50 to 60 per 100 000 population("® implying that
Tygerberg Hospital (TBH) in SA's Western Cape Province,
serving a population of 2 400 000 people,®” should be treating
950 to | 150 STEMI cases annually. In a retrospective study
conducted in TBH in 2018 evaluating STEMI patient care inter-
vals, only 492 cases of STEMI were recorded in a year.® A
2020 study by Cilliers, et al., performed in TBH over an 8-month
period, identified a total of 284 patients admitted with STEMI,

amounting to an extrapolated incidence of 426 patients per
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Ischaemic heart disease (IHD) is the leading cause of
mortality globally and ranking among the top 5 causes
of death in South Africa (SA). Acute coronary syn-
dromes (ACS), particularly ST-segment elevation myo-
cardial infarction (STEMI), contribute significantly to
this burden. Despite its importance, SA lacks com-
prehensive ACS data, limiting the detection, estimation
of cases, and understanding of patient outcomes. This
study aimed to assess STEMI care within the Tygerberg
Hospital (TBH) referral network in SA’s Western Cape
Province. The study objectives were to evaluate the
distribution of patients undergoing primary percu-
taneous coronary intervention (PCI) vs. the pharma-
coinvasive strategy, assess mortality and ACS recur-
rence, and investigate reasons for not performing
angiography or PCI.

This retrospective analysis of STEMI data from the
Tygerberg Registry of ACS (TRACS) included 292
patients admitted between April - December 2020.
The pharmacoinvasive strategy was employed in 65.1%
of cases, with 18.5% receiving primary PCI. In-hospital
and 30-day mortality rates were 5.5% and 6.9%, respec-
tively, with a 3.1% recurrence of ACS.

The study concluded that despite SA’s healthcare
limitations, the pharmacoinvasive strategy, facilitated
by a hub and spoke outreach model, yields outcomes
comparable to international cohorts. This underscores
the clinical relevance of protocolised STEMI care in
resource-limited settings. SA Heart® 202522:6-1 |

annum.® The stark contrast between expected and actual
cases (| 200 vs. 492 and 426, respectively) remains unexplained.
Given the population’s risk profile,'” a considerably lower
STEMI incidence seems unlikely. A more plausible reason is
under detection due to poor help-seeking behaviour, deficient
referral pathways, inaccurate diagnoses, and patients succumbing
before accessing healthcare facilities or reaching tertiary

facilities.

In SA, healthcare is split between the private and public sectors,
highlighting socio-economic gaps in medical access. The private
sector serves mainly those with medical insurance, while 84%
of South Africans rely on government-funded care.!9 More-
over, SA’s expansive land area, 5 times larger than the United

Kingdom (UK),('" leads to longer transport delays in STEMI



care. Additionally, with only a quarter of the nation’s catheter-
isation laboratories in public healthcare centres,('? access to

vital services are limited, further affecting STEMI outcomes.

Two reperfusion strategies can be employed in managing
patients with STEMI. Primary percutaneous coronary interven-
tion (PCI), where an occluded coronary artery is mechanically
reopened, is the preferred approach, as seen in a UK study
where 93.8% of patients presenting with STEMI underwent
primary PCL('? However, due to the vast geographic spread of
referral facilities in SA's Western Cape Province, primary PCl is
feasible in only a minority of cases within the recommended
90-minute timeframe.( This limitation leads to a reliance on
a pharmacoinvasive strategy, involving fibrinolysis at referral
centres followed by transfer to a tertiary hospital for further
management. The STREAM study demonstrated the phar-
macoinvasive strategy's non-inferiority compared to primary
PCLID

Within the TBH referral network, healthcare facilities operate
on a hub and spoke model, with TBH as the tertiary referral
centre (hub). Here, a protocolised STEMI management strategy
is enforced, mandated across all referral centres. Due to the
province's expansive geography and scarce PCl-capable sites,
the pharmacoinvasive strategy is the most common strategy
employed within the TBH network. TBH ensures the consistent
implementation of this strategy through regular outreach efforts
conducted by cardiologists to referral centres, thereby enhanc-

ing STEMI care across the network.('®

Various metrics can assess STEMI management in a referral
network. Access to medical care can be gauged by symptom
onset-to-diagnosis delay, while reperfusion efficiency can be
evaluated by door-to-reperfusion delay. In a 2018 study in
TBH, a median door-to-reperfusion delay of 67 minutes was
reported.® Mortality rates can be measured and compared
with other centres or expected rates derived from calculating
STEMl-specific Time in Myocardial Infarction (TIMI) scores for
each patient.!'® This latter method is particularly applicable to
SA, where outcome data for STEMI is scarce. Reports from high
income countries suggest 30-day mortality rates after STEMI
ranging from 2.5% - 10%,('"'® indicating better outcomes with
improved reperfusion strategies over recent decades. However,
findings from low-to-middle income countries suggest poorer

STEMI outcomes compared to high-income countries.('*29

Our study aims to assess STEMI care within the TBH referral
network, by evaluating the different reperfusion strategies
implemented, as well as the in-hospital and 30-day mortality

rates.

METHODS

The Tygerberg Registry of ACS (TRACS registry) constitutes a
repository encompassing patients aged |8 years and above,
referred to TBH from facilities within the hub and spoke referral
network, presenting with either STEMI or high-risk non-STEMI,
defined as the presence of haemodynamic instability, refractory
chest pain, life-threatening arrhythmia, acute heart failure,
significant ST-segment changes, or markedly elevated cardiac
biomarkers.® This observational study entails a retrospective
analysis of patient data extracted from the TRACS registry,
specifically focusing on individuals diagnosed with STEMI
between | April - 3 December 2020. The data retrieved from
the registry was analysed to delineate patient demographics
and ascertain cardiovascular risk factors, including HIV status
and obesity (defined as a body mass index (BMI) >30kg/m?).
Furthermore, the study evaluated the management strategies
employed for patients with STEMI, alongside evaluating mor-
tality rates (both in-hospital and 30 days post-discharge) and
the incidence of ACS recurrence within 30 days post-discharge
from TBH. Lastly, the study evaluated reasons why angiography
and PCl procedures were not performed, sourced from the
registry data. Patient outcomes in terms of mortality will be
compared to predicted values based on the STEMI specific
TIMI score.

STATISTICAL ANALYSIS

The data management process involved the systematic impor-
tation of information into the Research Electronic Data Capture
(REDCap) system. Subsequently, a statistical analysis was car-
ried out utilising the Strata software platform. Data normality
served as the guiding criterion for the chosen method of
presentation. For comparative analysis of patient outcomes, a
2-sample proportion z-test was used, with statistical significance

set at a p-value of less than 0.05.

ETHICS

This study received approval from the Health Research Ethics
Committee (HREC) of the Faculty of Medicine and Health
Sciences at Stellenbosch University, under the reference
number N20/03/030. It was conducted in adherence to the
Declaration of Helsinki (2013 version). Every patient provided
written consent to participate. In cases where patients had

passed away before providing consent, a waiver was granted.

RESULTS

A total of 292 patients were admitted with STEMI during the
study period. Among them, 187 (64.0%) were male, with a
median age of 58 years (interquartile range (IQR) 49 to 65

@
0
1S
2
Z
o~
~N
©
IS
—=)
0
>




years). The most prevalent cardiovascular risk factors were
active or previous cigarette smoking (72.6%) and systemic
hypertension (68.5%). The study population included 39 HIV
positive patients (13.4%) (Table I).

The pharmacoinvasive strategy was employed in 190 patients
(65.1%), with 54 patients (18.5%) receiving primary PCI (Figure |,
Table II). In 48 patients (16.4%), neither primary PCl nor fib-
rinolysis was administered. Following fibrinolysis at the referral

facility, a total of 170 patients (89.5%) underwent angiography,

of which 37 patients (19.5%) required rescue PCl. Among the
subgroup not receiving fibrinolysis or primary PCl, 23 patients
(47.9%) underwent angiography at TBH. In the study popula-
tion, a total of 45 patients (15.6%) did not undergo angiography,
of which 20 patients received fibrinolysis and 25 patients did
not receive either fibrinolysis or angiography. Reasons for not
performing angiography included renal failure (14 patients) and
patient mortality before the procedure could be performed (12
patients). The most common reason for not performing PCl at

the time of angiography was patients with an indication for a

TABLE I: Demographics.

Measure Variable

Male gender
Demographic profile

Age in years; median (IQR)

Pre-existing IHD

Family history of premature IHD

Systemic hypertension
Cardiovascular risk factor prevalence Diabetes mellitus, any type

Obesity

Active or previous cigarette smoking

HIV infection

n=292
n%

187 (64.0)
58 (49 - 65)
10 (34)
18 (6.2)
200 (68.5)
100 (34.2)
119 (40.8)
212 (72.6)
39 (134)

STEMI population
n=292 patients

v v

Primary PCI
54 patients (18.5%)

No angiogram - 20 patients (10.5%) <
Angiogram only - 7 patients (3.7%) <
PCl - 112 patients (58.9%) <
Rescue PCl - 37 patients (19.5%) <]
CABG - 14 patients (7.4%) -

FIGURE I: Algorithm with management strategies.

Pharmacoinvasive strategy
190 patients (65.1%)

Y

No primary PCI nor fibrinolysis
48 patients (16.4%)

No angiogram - 25 patients (52.1%) <—
Angiogram only - 4 patients (8.3%) <—
PCl - 7 patients (14.6%) D
CABG - 12 (25.0%) -

CABG: Coronary artery bypass graft, PCl: percutaneous coronary intervention, STEMI: ST-segment elevation myocardial infarction.




TABLE II: Management strategies and outcomes.
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Population

Measure Variable (n) n (%)
Primary PCI 54 (18.5)
Management strategies Pharmacoinvasive strategy 292 190 (65.1)
No primary PCl or fibrinolysis 48 (16.4)
Renal failure 14 (31.1)
Reasons for not performing angiography Patient mortality 45 12 (26.7)
Other” 19 (42.3)
Late presentation with occluded artery 4 (11.0)
CABG performed 26 (70.3)
Reasons for not performing PCI during angiography Indication for CABG, not performed yet 37 3(8.1)
Non-obstructed coronary arteries 2 (54)
Other” 2 (5.4)

" Other reasons include lack of patient consent and the opinion of the attending cardiology consultant.

TABLE Ill: Outcomes.

Measure Primary Pharmaco-  No primary Total Strategy Strategy Strategy
PCI invasive PCI Avs.B Bvs.C Avs.C
strategy or fibrinolysis
*) (®) (©
n=54 n=190 n=48 n=292 p-value p-value p-value
Total mortalities 1 (1.9) 8(42) 11 (22.9) 20 (6.9) <0.05 <0.05 <0.05
Of which in hospital I (19) 8(42) 7 (14.6) 16 (155) <0.05 <0.05 <0.05
Of which within 30 days of discharge 0 (0.0) 0 (0.0) 4(83) 4(14) N/A <0.05 <0.05
Recurrence of ACS within 30 days 0 (0.0) 0 (0.0) 9 (18.8) 9 @3.1) N/A <0.05 <0.05

coronary artery bypass graft (CABG) (29 patients, of which 26 The STEMI specific TIMI scores were available for a total of 88

were performed during the same admission). patients in the study population, with a median score of 4
points (IQR 2-5). This amounts to a predicted mortality rate of

A total of 20 patients (69%) died within 30 days of hospital 7.3%. A total of 6 in-hospital deaths were recorded in this

discharge, with 16 patients (5.5%) demising during admission , ‘
- ) ‘ e subgroup, amounting to a mortality rate of 6.9%.
and an additional 4 patients (1.4%) succumbing within 30 days

of hospital discharge. In-hospital mortality rates were 1.9% in

the primary PCl group, 4.2% in the pharmacoinvasive strategy
group, and 22.9% in the group of patients not receiving either
intervention (p<0.05). Moreover, no patients demised within
30 days after discharge in the primary PCl and pharmacoinvasive
groups, contrasting with 4 deaths (8.3%) in the group not
receiving fibrinolysis nor primary PCl (p<0.05). Rescue PCl was
performed in 37 patients, with 5 patients (13.5%) demising in
hospital and | additional death recorded within 30 days of hos-
pital discharge, amounting to an overall mortality rate of 16.2%
in this subgroup. Recurrence of ACS within 30 days post-
discharge was absent in both the primary PCl and pharma-
coinvasive groups, while 9 patients (18.8%) encountered such
recurrence in the group not receiving either management
strategy (p<0.05) (Table III).

DISCUSSION

This study demonstrated a lower than expected in-hospital and
30-day mortality in patients with STEMI when compared to
other cohorts from low-to-middle income countries and com-
parable to those reported from high income countries.('"'® The
mortality rate among patients undergoing primary PCl was the
lowest (1.9%), whilst the pharmacoinvasive strategy group
demonstrated a comparatively low mortality rate (4.2%), similar
to findings from European registries and the STREAM trial.??
Notably, neither primary PCl nor the pharmacoinvasive strategy
led to ACS recurrence within 30 days post-hospital discharge.
Conversely, patients with STEMI not undergoing the pharma-

coinvasive or primary PCl strategy had less favourable outcomes,



with a 30-day mortality rate of 22.9% (p<0.05). The mortality
rate was higher in the rescue PCl group when compared to
other patients within the pharmacoinvasive group (16.2% vs.
1.3%, p<0.05). A significant difference was observed between
the pharmacoinvasive group and those not receiving fibrinolysis
or primary PCl in terms of both mortality and ACS recurrence.
In an analysis involving 88 patients, the predicted 30-day mor-
tality based on the STEMI-specific TIMI score('® was 7.3%,
closely resembling the actual mortality rate of 6.9%. These
figures suggest that patients appropriately treated and referred
have favourable outcomes and resources should be directed at
pre-hospital care, especially patients not offered reperfusion at

first medical contact.

Over the 9-month study period, 292 patients were identified,
translating to an annual incidence of 389 patients. This figure is
lower than that recorded in a 2018 TBH study® and significantly
lower than the expected incidence based on European data.(")
This may be due to several factors, including help-seeking
behaviour, prolonged transport delays leading to pre-transfer
mortality, as well as the timing of the study overlapping with the
COVID-19 pandemic where fewer cases of ACS were seen

than during non-pandemic periods.??

The median age of patients in our study was younger than the
age of STEMI populations in European registries.?® Prevalence
rates of systemic hypertension and DM surpass the rate in the
general SA population.?® Cigarette smoking prevalence among
STEMI patients in this study exceeded 65%, contrasting with the
18% prevalence in the general population.?*? Although not
considered a major cardiovascular risk factor, the HIV prevalence
in the study population closely mirrors that of the general

population, being 13%.2¢

Most of the patients were treated with a pharmacoinvasive
strategy, with the majority successfully reperfused with fibri-
nolytic therapy (80.5%). High rates of fibrinolysis (65%) were
achieved, reflecting on effective management within the referral
network (Figure 2). Despite the limited access to PCl-capable
facilities within the public healthcare sector, high rates of
angiography (86.9%) and PCl (73.2%) were observed in the
group of patients receiving successful fibrinolytic therapy. This
study demonstrates that a pharmacoinvasive strategy is not only
feasible in our setting, but that short-term outcomes are similar

to high income countries.

The higher mortality rate of patients undergoing rescue PCl is
likely due to a delay to reperfusion. Early recognition of failed

reperfusion and improving transport to TBH should improve

Primary PCIl

19%

FIGURE 2: Initial management strategy employed.

the outcome of patients in this group. Patients not undergoing
a reperfusion strategy had the worst outcome. This supports
the strategy of early fibrinolysis at first medical contact, with
timeous referral to a PCl-capable facility. In addition, improving
patient awareness of STEMI symptoms and improving help-
seeking behaviour could shorten patient delays. Furthermore,
educating healthcare workers to accurately diagnose and treat

STEMI should improve outcomes.

CONCLUSION

Despite challenges within SA’s healthcare system, this study in
a region utilising a protocolised pharmacoinvasive strategy
demonstrates outcomes similar to published cohorts. The
challenges of implementing an efficient pharmacoinvasive strat-
egy were overcome by establishing an outreach system built on
a hub and spoke model. Limitations included the exclusion of
patients demising prior to referral to TBH and patients not
seeking medical attention - although these limitations are similar
to that reported in published cohorts. Further investigation
into the observed discrepancy between expected and actual
numbers of STEMI cases at TBH and SA is warranted.
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