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ABSTRACT

Background: Recent worldwide data has shown a concerning decline in the number
of acute coronary syndrome (ACS) related admissions and percutaneous coronary
intervention (PCI) procedures during the coronavirus disease 2019 (COVID-19)
pandemic. We suspected a similar trend at Chris Hani Baragwanath Hospital
(CHBAH).

Aim: To evaluate the impact of the COVID-19 pandemic on ACS patients admitted to
the cardiac care unit (CCU) in CHBAH.

Methods: A retrospective descriptive study was conducted to evaluate and compare
all ACS-related admissions to CCU at CHBAH in the pre-COVID-19 (November 2019
to March 2020) and during COVID-19 periods (April 2020 to August 2020).

Results: The study comprised 182 patients with a mean age of 57.9 +10.9 years
(22.5% females). Of these, 108 patients were admitted in the pre-COVID 19 period.
During the pre-COVID-19 period, 42.9% of patients presented with ST-segment-
elevation myocardial infarction (STEMI), 39.2% with non -ST segment -elevation
myocardial infarction (NSTEMI) and unstable angina (UA) was noted in 18.52%. In
contrast, STEMI was noted in 50%, NSTEMI in 43.24% and UA in 6.76% of patients
during the COVID-19 period. A statistically significant difference in STEMI and
NSTEMI-related admissions was not noted, however there were a greater number of
admissions for UA during the pre-COVID-19 period (18.52% vs 6.76%, P =0.013).

Only a third of the patients with STEMI received thrombolysis during the pre- and
COVID-19 periods (30.4% vs 37.8%, P=0.47). No difference in the number of PCI
procedures was noted between the pre- and COVID-19 periods (78.7% vs 72.9%,
P=0.37). There was a trend towards a lower left ventricular ejection fraction (48.6% vs
34.2%, P=0.05) and increased diagnosis of heart block (5.4% vs 0.9%, P=0.06) during
COVID as compared to the pre-COVID-19 period. More arrhythmias (8.3%) were
noted in the pre-COVID-19 period (P=0.011).

Conclusion: There was no difference in ACS admissions to the CCU during pre- and
COVID-19 periods. Although the assessment of the full impact of COVID-19 on ACS
admissions to the hospital was limited, in the CCU, there was a higher number of UA

admissions during the pre-COVID-19 period. During both periods, the use of



thrombolysis was low for STEMI and no difference in PCI was noted. There were no
differences in complications observed between the two periods, except for a higher

rate of arrhythmias noted in the pre-COVID-19 period.
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CHAPTER ONE: APPROVED PROTOCOL WITH EXTENDED LITERATURE
REVIEW

1. SUMMARY

Coronavirus disease 2019 (COVID-19) is a viral infection caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2). Elderly individuals and those with
significant comorbidities, in particular cardiovascular diseases, are at a higher risk for
morbidity and mortality. The highly infectious nature of COVID-19 has led to
implementation of strict measures such as lockdowns to combat the spread of
infection. Shift of attention to COVID-19, together with lockdown measures has
impacted on patients with non- COVID-19 related diseases. Data from developed
countries across Europe and North America, as well as developing nations, have
demonstrated a concerning decline in the number of acute coronary syndrome (ACS)
and percutaneous coronary intervention (PCI) procedures. We suspect a similar trend
in South Africa. To the best of our knowledge, such a study has not been formally
published within Africa. Therefore, in this retrospective study we aim to systematically
study the impact of COVID-19 pandemic on ACS patients at Chris Hani Baragwanath
Academic Hospital (CHBAH).



2. INTRODUCTION

The Coronavirus disease 2019 is an acute respiratory infection caused by SARS-CoV-
2. The first case was reported in Wuhan, China on 8™ December 2019. [ The outbreak
originated from Hunan seafood market in Wuhan. 2! Rapid spread of the virus beyond
geographical regions led to declaration of COVID-19 a pandemic by the World Health
Organisation (WHO) on March 11, 2020. [l The statistics to date are mounting with
over two hundred million people infected worldwide and more than four million deaths

at the time of this writing. !

The virus is transmitted through person-to-person contact via respiratory droplets or
direct contact. 3% Studies have shown that both symptomatic, as well as
asymptomatic patients can transmit the virus. Some of the common clinical symptoms
include fever, dry cough, myalgia, headache, sore throat, shortness of breath and
gastrointestinal symptoms like nausea and diarrhoea. 35 SARS-CoV-2 gains access
to human cells by binding to angiotensin converting enzyme-2 receptor (ACE-2) which
is highly expressed in the lungs and heart. It is also found in the intestinal epithelium,
vascular endothelium, and kidneys. 671 According to the meta-analysis by Yang J et
al, 18 pre-existing comorbidities are associated with disease severity, complications,
and higher risk of mortality. These include cardiovascular diseases such as

hypertension, coronary artery disease, diabetes, and chronic respiratory diseases.

Long B et al, have highlighted some cardiovascular complications related to COVID-
19. These include myocardial injury, myocarditis, acute myocardial infarction, heart
failure, cardiomyopathy, dysrhythmias, and venous thromboembolic events. ¥l The
interaction between SARS-CoV-2 and ACE-2 receptor in its pathogenesis gives insight
into the related manifestations and complications of COVID-19 in the cardiovascular
system. Among the numerous complications mentioned above, the proposed
mechanisms of myocardial injury include: 1) direct myocardial injury due to viral
myocarditis, 2) systemic inflammatory response and cytokine storm, 3) increased
cardio-metabolic demand associated with systemic infection and 4) plaque rupture and

prothrombotic milieu created by systemic inflammation. [10-13]

A Wuhan study by Shi S, et al ['Y supports the consequences of myocardial injury
associated with SARS-CoV-2. Among 416 hospitalized patients with confirmed
COVID-19, 82 (19.7%) had evidence of myocardial injury manifested by elevation of

5



high sensitivity troponin | (hs-Tnl) levels. A similar finding was reported by Guo T et al,
(15 where 27.8% of the cohort demonstrated myocardial injury with elevated troponin

T levels.

Acute coronary syndrome (ACS) includes non-ST elevation myocardial infarction
(NSTEMI), ST-elevation myocardial Infarction (STEMI) and unstable angina (UA). ['6]
According to the Joint Task Force of the European Society of Cardiology, American
College of Cardiology Foundation, the American Heart Association, and the World
Heart Federation (ESC/ACCF/AHA/WHF), myocardial infarction is defined as a clinical
or pathological event in the setting of myocardial ischemia in which there is evidence

of myocardial Injury. 1718l

The diagnosis is made when there is a rise and /or fall of troponin with at least one
value greater than the 99th percentile upper reference limit with at least one of the

following: (18]
» Symptoms of myocardial ischemia.
» New ischemic electrocardiogram (ECG) changes.
» Development of pathological Q waves.

» Imaging evidence of new loss of viable myocardium or new regional wall motion

abnormality in a pattern consistent with an ischemic aetiology.
» ldentification of a coronary thrombus by angiography or autopsy.
New ischemic ECG changes entails: ['é]

» new ST-segment elevation at the J-point in two contiguous leads measuring =
0.1mv in all leads except V2-V3, which require 2 2mm in men = 40years; = 2.5
mm in men <40 years or = 1.5mm in women regardless of age for STEMI.

» ST depression and/or T wave inversions without ST-segment elevations or

pathologic Q waves for NSTEMI.

The early management goals in myocardial infarction are to relieve pain, evaluation of
and correction of hemodynamic abnormalities, antithrombotic, reperfusion and beta
blockade therapy. The increase in ischemic time (i.e., more than 6 hours after the
onset of symptoms) is directly related to short- and long-term survival. ['°]



Fear of contracting COVID-19, together with the lockdown measures instituted by
many had led to delayed medical seeking habits and a reduction in the admissions of
patients with acute coronary syndrome. Recent publications have confirmed this
alarming reduction in the number of patients presenting with myocardial infarction in

both developed and developing countries. 20

A multicentre, observational, national survey in Europe’s most severely affected
country (ltaly) aimed to evaluate the impact of the COVID-19 pandemic on cardiac
care unit (CCU) admissions. The study observed a 48.8% reduction in admissions for
acute myocardial infarction compared to the equivalent week in 2019 (p<0.0001). The
reduction was both significant for STEMI; 26.5%, 95% confidence interval (Cl) 21.7-
32.3; (p=0.009), and NSTEMI; 65.1%, 95% CI 60.3-70.3; (p<0.001). 2]

A retrospective study conducted in Northern Italy analysed the clinical and
angiographic characteristics of patients admitted for acute coronary syndromes at
fifteen hospitals. The study period was between the time of the first confirmed case of
COVID-19 in Italy (20" February 2020) and 31st March 2020 compared to the same
period during the previous year (20" February to 31t March 2019) and an earlier
period during the same year (13t January to 19" February 2020). Of the 547 patients
who were admitted for ACS, 248 (45.3%) presented with STEMI. The mean
hospitalization rate for ACS during the study was 13.3 admissions per day. This rate
was significantly lower than the rate in the earlier period in the same year [(where total
number of admissions was 899; 18.0 admissions per day; incidence ratio, 0.74; 95%
Cl, 0.66 to 0.82; p<0.001)] or the rate in the previous year [(number of admissions,

756; 18.9 admissions per day; incidence ratio, 0.70; 95% CI, 0.63 to 0.78; (p<0.001)].
[22]

An Austrian study also reported a similar decline in rates of admission (39.4%) for ACS
when compared to the first and last calendar week of 2019. 23]

On 14™ March 2020, Spain declared a national state of emergency which led to a
decrease in health care activity in interventional cardiology units. 24 A study by
Rodrigues-Leor O, et al did a survey to quantify these changes. Eighty-one centres
were included. Not only did the number of patients treated in STEMI networks decline,
but also the numbers of performed diagnostic procedures (56%), PCI (48%) and

structural interventions (81%). 24



In the United States of America timely primary PCI is the standard of care for STEMI
patients. Garcia S, et al performed a study to determine if there was a decrease in the
number of STEMI patients for primary PCI in New York during the COVID-19 era. Nine
high-volume (>100 primary PCls per year) cardiac catheterization laboratories were
involved. A 38% decrease in STEMI activation was observed (95% CI: 26-49;
p<0.001). 2%

These concerning declines have also been reported in the developing countries. In
Pakistan, a study by Sharif K.H et al depicted a decline of 37.84% and 66.43% for
STEMI and PCI, respectively. 261 A Turkish study by Khalil E, et al also showed
reduced numbers in STEMI and PCI procedures during the COVID-19 period

compared to the previous five years. [#7]

In South Africa, the first confirmed case of COVID-19 was reported by the department
of health on 5" March 2020. Since then, the disease has rapidly spread throughout
the country with consequent implementation of lockdown measures, starting 26%
March 2020. There are to date over 2.5 million infected citizens with more than eighty

thousand deaths. [28]

COVID-19 has not only caused a collateral damage economically but has also posed
a threat to public health and the care of non-COVID related cases. The decline in acute
coronary syndromes presentations have been attributed to 1) change in the threshold
for treating patients medically and therefore less referral for PCI, 2) reduced
physical/stress activity during lockdown periods (which in itself reduces incidence of
MI), 3) patients are less likely to seek medical attention out of concern for an
overwhelmed medical system, 4) good health practices i.e. less smoking, 5) good

adherence to treatment due to the confines of lockdown.

South Africa is a resource limited country with some impoverished communities.
Lockdown measures with the resultant economic collapse and unemployment, has
exacerbated financial difficulties and has led to lack of funds for most patients to travel

out of rural communities to seek appropriate health care.

Chris Hani Baragwanath Academic Hospital (CHBAH) cardiology unit usually receives
ACS patients referred from nearby local clinics or directly from CHBAH medical
emergency unit (MEU). During COVID-19, patients from local clinics must be tested

and confirmed negative for COVID-19 before being accepted to CHBAH CCU.
8



Patients from MEU with ACS must temporarily be cared for in medical acute care unit
(MACU). Once a negative test result is documented, only then can a patient be
admitted to the CCU for appropriate management and PCI. These changes in the flow
of ACS patients have affected the required care and may have contributed to a decline

in admissions and PCI procedures as hypothesized.

This retrospective study aimed to analyse the impact of COVID-19 on ACS patients
admitted to the CCU in CHBAH. The hospital is one of the largest academic hospitals
in Africa and South Africa. It is located in Soweto on the outskirts of Johannesburg
city. The study assessed the admissions of ACS patients prior to COVID-19 (i.e.
November 2019-March 2020) and compared admissions during COVID-19 and
lockdown measures (i.e. April 2020-August 2020).

3. STUDY OBJECTIVES

» To describe and compare the demographic and clinical characteristics of the
patients admitted to CCU during pre-COVID 19 and COVID-19 periods.

» To determine the number of admissions of patients admitted with ACS and
associated co-morbidities in CCU during COVID-19 period and compare findings
with the pre-COVID-19 period.

» To determine and compare ACS-related complications pre-COVID-19 and during
COVID-19 periods.

» To determine and compare the management of patients in the pre-COVID-19 and
COVID-19 periods.

4. METHODOLOGY
4.1. Study design

This was a retrospective analysis of all the patients with ACS who were admitted
to the CCU in the pre-COVID-19 (i.e. November 2019 to March 2020) and during
COVID-19 (April 2020 to August 2020) eras at CHBAH. ACS was defined
according to The Joint Task Force of the European Society of Cardiology,

American College of Cardiology Foundation, the American Heart Association, and
9



the World Heart Federation (ESC/ACCF/AHA/WHF) fourth universal definition for

myocardial infarction.

Major complications related to ACS was defined as heart failure with reduced
ejection fraction (HFrEF), cardiogenic shock, arrhythmias, thromboembolism (left
ventricular clot, critical limb ischemia and stroke), cardiac arrest, varying degrees

of atrioventricular block, left ventricular aneurysms and in-hospital mortality.
4.2. Study population and sample.

The study included all patients with ACS that were admitted to the CHBAH CCU in
the period between November 2019 and August 2020. Simple consecutive
convenient sampling method was used to procure a sample size in the pre-specified
study period. The study included both male and female patients irrespective of their

age and race.
Inclusion criteria
e All the patients above 18 years of age admitted to CCU with ACS.
Exclusion criteria
e All patients under 18 years of age.
e Patients admitted to CCU for reasons other than ACS.

e Patients with ACS for whom data was missing during the time of admission

within the study period

4.3. Study site

The study was conducted at CHBAH CCU, department of cardiology.

4.4. Data collection

Data was collected by the principal investigator. The principal investigator reviewed
all discharge summary notes filed at the CCU and identified all patients with ACS

admitted during the study period. A data collection sheet was used (see appendix

).
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5. DATA ANALYSIS

In line with the study objectives, data analysis was performed in the following way:

1. In the descriptive statistics phase of our analysis, patients’ socio-demographic
and clinical characteristics, co-morbidities, complications, and mortality was
summarized and analysed using measures of central position (mean and
median) and their distributions described using measures of location (quantiles)

and appropriate graphs.

2. Using results and tables obtained in the descriptive statistics phase, the number
of patients admitted with ACS (with or without comorbidities or complications)
for the period spanning from April 2020 to August 2020 was compared to that
of patients admitted between November 2019 and March 2020. Comparisons
were performed using appropriate hypothesis testing for sample proportions.
Other relevant continuous variables were compared either using Students T-
test or Mann-Whitney test, and the Chi-Square test of association for

categorical variables.

3. For all hypothesis tests, a p-value of less than 0.05 was considered statistically

significant. Stata version 15 was used for statistical analysis.

6. ETHICS

The protocol was submitted for approval at the University of the Witwatersrand Human
Research Ethics Council. The study was performed in accordance with guidelines set
out in the World Medical Association Declaration of Helsinki-Ethical Principles for
Medical Research Involving Human Subijects. It adhered to the integrity standards as

set out by the Singapore Statement June 2019.

All patient information was kept confidential through the allocation of a case number
for each patient. The case number allocated was only known to the principal

investigator.
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7. FUNDING

The costs of the study will be minimal and will include stationery and printing. All costs
will be covered by the principal investigator.
8. TIMING
Septto | Dec 2020 | April to
June July | August July to
Nov to March June
2020 | 2020 2020 Oct 2021
2020 2021 2021
Literature
review
Protocol

development

Protocol

Assessment

Ethics

application

Data

collection

Data

analysis

Writing up
research

report
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1. INTRODUCTION

The coronavirus disease 2019 (COVID-19) is a life-threatening respiratory infection
caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). The first
case was reported in Wuhan China on 8" December 2019.!" Rapid spread of the virus
worldwide led to the declaration of COVID-19 a pandemic by the World Health
Organization (WHO) on March 11 2020, a mere 3 months from the index case./? As a
means to combat and contain the spread of the virus, many countries implemented
stringent lockdown measures.l®l In South Africa, the first confirmed case of COVID-19
was reported by the Department of Health on 5" March 2020, with subsequent

introduction of stringent lockdown measures on 26" March 2020.4

Reports around the globe have confirmed a significant reduction in the number of
hospitalizations for patients with acute coronary syndrome (ACS) and those requiring
percutaneous coronary intervention (PCl) during the pandemic. [ Different datasets
from countries within Europe, 619 Asia, [''-13] North and Latin America, ['4'6l have
demonstrated 30% to 50% reductions in ACS admissions and PCI procedures. The
decrease in ACS admissions was associated with an increase in morbidity and
mortality. -°1 There is limited data of this nature emanating from Africa. In a survey
conducted by the European Society of Cardiology (ESC), only 4.7% of responses
confirming the above reductions originated from the African continent. [®! A report from

few private hospitals in South Africa have corroborated similar findings. [1]

It is evident that data from Africa and South Africa is scarce. Whilst statistics are
available for a few private hospitals within the country ['71, similar information from
tertiary state hospitals are lacking. In a developing country such as South Africa with
already strained public health care facilities and numerous socioeconomic challenges,
we suspected a poor outcome of patients with ACS during the pandemic. This study
therefore sought to analyse the impact of COVID-19 on ACS admissions to the cardiac
care unit (CCU) in Chris Hani Baragwanath Academic Hospital (CHBAH), Africa’s

largest tertiary state hospital, located in Soweto on the outskirts of Johannesburg city.
2. METHODS

A retrospective observational analysis was performed to evaluate all patients with ACS
who were admitted to the CCU at CHBAH in the pre-COVID-19 era (November 2019

to March 2020) and compared with patients during the COVID-19 period (April 2020
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to August 2020). ACS was defined according to The Joint Task Force of the European
Society of Cardiology, American College of Cardiology Foundation, the American
Heart Association and the World Heart Federation (ESC/ACCF/AHA/WHF) fourth
universal definition for myocardial infarction. 819, Patients admitted to CCU for
reasons other than ACS and all patients with missing data during the predefined time

periods were excluded (Figure 1).

Records of all admissions to CCU identified through patient files and discharge
summaries (Nov 2019-August 2020)

N= 348

Inclusion Criteria

All patients > 18 years of age and ACS admitted to
CCuU.

Exclusion criteria

Patients <18 years, Patients admitted to CCU for
reasons other than ACS (n=145) and all patients with
ACS with missing data (n=21) during the predefined

time periods were excluded.

Final sample size (n=182)

e Of these 108 patients were admitted in the pre-COVID period (Nov 2019-March 2020)
and 74 were admitted during the COVID-period (April 2020-August 2020).

ACS patients were classified into three subgroups (i) ST segment -elevation myocardial
infarction, (ii) non- ST- segment-elevation myocardial infarction and (iii) unstable angina
during both periods.

Their demographic data, echocardiogram findings, length of hospital stay, management
and complications were systematically compiled.

Data was analysed using Stata version 15 software.

Figure 1: Flow diagram depicting the methodology used in the study. ACS, acute
coronary syndrome; CCU, Coronary care unit; COVID, Corona virus disease.
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Major complications related to ACS were defined as heart failure with reduced ejection
fraction (HFrEF), cardiogenic shock, arrhythmias, thromboembolism (left ventricular
clot, critical limb ischemia and stroke), cardiac arrest, varying degrees of

atrioventricular block, left ventricular aneurysms and in-hospital mortality.

Data was analysed for the three ACS groups: (i) ST segment-elevation myocardial
infarction (STEMI), (ii) non-ST-segment-elevation myocardial infarction (NSTEMI) and

(iii) unstable angina (UA).

Data was collected by the principal investigator by reviewing all discharge summaries
and PCI reports of patients admitted to CCU. Consecutive convenience sampling
method within the defined study period was used. The number of admissions,
demographic data, echocardiogram findings, length of hospital stay, management and

complications were obtained, and the corresponding data sheet compiled.

All statistical analyses were conducted in Stata version 15. Descriptive statistics were
summarized using frequencies and percentages for categorical variables. Mean and
standard deviation (SD) were used to summarize normally distributed continuous
variables while median and interquartile range (IQR) were used to summarize non-
normal continuous data. Comparison of socio-demographic characteristics and clinical
information (risk factors) between the two groups were done using Chi-square test for
categorical variables while the Mann Whitney U test was used to compare continuous

variables between the two periods. The significance level was set at 5%.

3. RESULTS

A total of 182 patients with ACS were admitted to the CCU during this study period.
As depicted in Figure 2, more admissions were observed during the pre-COVID period
[59.34% (n=108)] compared to the COVID period [40.66% (n=74)]. However, there
was no statistically significant difference between the number of admissions (P
=0.9945) during the two periods.
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Figure 2: Acute coronary syndrome admissions during the pre-COVID-19 and COVID-
19 periods

Demographic and clinical characteristics of the study cohort are summarised in
Table 1. In the overall group, males predominated. The number of males and females
admitted in the two periods were similar, and therefore no significant difference in the

admissions by gender was noted (P=0.905).

Patients of black race formed the majority of those admitted, as expected by the
considerable proportion of black communities serviced by CHBAH. Pre-COVID-19
(48.07%) and COVID-19 (47.3%) numbers were similar for black patients. Although
more Asian (31.3%) patients were seen in the pre-COVID and more Caucasians
(37.84%) in the COVID-19 period, there was no difference in the admissions by
ethnicity between the two groups (P=0.387).
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Table 1: Demographic and clinical characteristics of study patients

Pre-COVID-19 COoVID-19 Total P-value
Variable Categories admission admission admission
n=108 (%) n=74 (%) n=182 (%)
Age (years) 58.12 (10.4) 57.77 (11.88) 57.97 (10.99) 0.833
G(ﬁ;},j’?r Male 84 (77.78) 57 (77.03) 141 (77.47) 0.905
° Female 24 (22.22) 17 (22.97) 1(22.53)
Ethnicit Black 53 (49.07) 35 (47.3) 8 (48.35)
(n/°/)y Asian 23 (31.30) 11 (14.86) 34 (18.69) 0.387
° Caucasian 32 (29.63) 28 (37.84) 0 (32.97)
Heart rate 77 (72-88.5) 82.5 (74-92) 9 (72-91) 0.027
(bpm)
Systolic BP 121 (107-137.5) | 118.5 (104-140) | 120 (105-139) | 0.577
(mmHg)
Diastolic BP
(mmHg) 75 (65-82.5) 70 (64-80) 73 (64-82) 0.701
Presenting Chest pain 101 (93.52) 66 (89.19) 167 (91.76) 0.297
symptoms Other 7 (6.48) 8 (10.81) 15 (8.24)
Length of
stay (days) 3(2-5) 4 (3-7) 3(2-5) 0.016
MEDICATIONS n (%)
Beta blockers 70 (64.81) 58 (79.38) 128 (70.33) 0.049
ACE-I 53 (49.53) 44 (59.46) 97 (53.59) 0.188
DAPT (Aspirin &
Clopidogrel) 106 (98.15) 72 (97.3) 178 (97.8) 0.701
Statins 97 (89.81) 74 (100) 171 (93.96) 0.005
Nitrates 21 (19.44) 3 (4.05) 4 (13.19) 0.003
Mineralocorticoid receptor | 44 (14 4g) 14 (18.92) 5 (13.74) 0.093
antagonists
Hypoglycemic drugs 15 (13.89) 16 (21.62) 1(17.03) 0.173
Anticoagulants 4 (3.7) 6 (8.11) 0 (5.49) 0.2
Furosemide 3(2.78) 7 (9.46) 10 (5.49) 0.052
Anti-arrhythmic drugs 4 (3.7) 0 4(2.2) 0.094
Calcium channel blockers | 3 (2.78) 3 (4.05) 6 (3.3) 0.636
RISK FACTORS n (%)
Hypertension 70 (64.81) 47 (63.10) 117 (64.29) 0.857
Diabetes mellitus 46 (42.59) 26 (35.14) 72 (39.56) 0.312
Dyslipidemia 38 (35.19) (66 22) 87 (47.80) <0.001
Smoking 64 (59.26) 8 (64.86) 112 (61.54) 0.445
Family history of CAD 2 (1.85) (16 22) 14 (7.69) <0.001
Previous IHD 36 (33.33) 6 (21.62) 52 (28.57) 0.086
BMI >25kg/m2 9 (8.33) 2 (16.22) 21 (11.54) 0.102

Abbreviations: ACE-I: angiotensin converting enzyme inhibitor, bpm: beats per
minutes, BP: blood pressure, BMI: body mass index, CAD: coronary artery disease,
DAPT: dual antiplatelet therapy, IHD: ischemic heart disease, IQR: interquartile range,
SD: standard deviation.
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Beta blockers, angiotensin converting enzyme inhibitors, dual antiplatelet therapy and

statins were the most prescribed drugs in both periods.

Traditional cardiovascular risk factors and their prevalence in the pre-COVID-19 and
COVID-19 groups are indicated in Table 1. Of note, there was a significantly lower
number of patients with dyslipidaemia (P<0.001) and a family history of CAD
(P<0.001) in the pre-COVID-19 group.

Figure 3 shows a line plot of the hospital length of stay between the two periods.
Although total length of hospital stay was separated by a median of 1 day between the
groups, patients admitted during the COVID-19 period [4 (IQR 3-7)] stayed for a
significantly longer duration (P =0.016) than those in the pre-COVID-19 period [3 (IQR
2-5)].
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Figure 3: Length of stay in days between the two groups. COVID, Coronavirus
disease.

Table 2 and Figure 4 summarize the specific diagnosis for which patients were
admitted. STEMI accounted for the bulk of admissions in both groups, followed by
NSTEMI, however there was no statistically significant difference between STEMI and
NSTEMI admissions between the two periods. More patients with UA were admitted
during the pre-COVID period (18.52% vs 6.76%, P=0.013). Nonetheless, the
proportions of UA admissions were higher during the pre-COVID-19 (18.52%)

compared to the COVID-19 (6.76%) group (P=0.013).
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Table 2: Summary of specific ACS diagnoses among patients admitted in the pre-
COVID-19 and COVID-19 periods

Total Pre- During Percentage change
. . . . COVID COVID (difference) in P-value
Variable | Categories | Admissions .. . . o
n (%) Admissions | Admissions | admissions (95%
n (%) n (%) CI)
0 _ 0
STEMI 83 (45.86) |46(42.99) 37(50) 7% (2.1-6.7%) 0.321
0 - - 0
ACS NSTEMI | 74 (40.88) |42(39.25) 32(43.24) 4% (:9.6 - 17.6%) 0.5652
- o0 - - 0
UA 25(13.74) | 20(18.52) 5(6.76) 12%(-21.2 - 2.8%) | 0.013
Inferior 34 (40.96) |17 (36.96) |17 (45.95) |9% (-4.6 -22.6%) 1.29
STEMI
Anterior 49 (59.04) |29(63.04) |20(54.05) |-9% (-22.6-4.6%) |0.196

ACS: Acute coronary syndrome, Cl: confidence interval, non-ST-elevation myocardial
infarction, STEMI: ST-elevation myocardial infarction, UA: unstable angina.
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Figure 4: Graphic representation of patients admitted for STEMI, NSTEMI and
unstable angina. COVID, Coronavirus disease

Management of patients with ACS during Pre-COVID-19 and COVID-19 periods

(Figure 5).

Only a third of STEMI patients received thrombolytic therapy during both periods and

there was no difference noted in the two groups (P=0.478). A total of 139 PCI

procedures were performed during the study period. There was no statistically
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significant difference in the vascular (coronary artery) territories affected for the
patients who presented with STEMI. Concurrent with overseas findings, more PCI
procedures were done during the pre-COVID-19 period [85 (78.70%)] compared to the
COVID-19 period [54 (72.97%)], however, this did not reach statistical significance (P
=0.371) in our study. There was no difference in the number of patients that underwent

coronary artery bypass grafting (CABG) (P =0.495).
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Figure 5: The distribution of patients who received thrombolysis for STEMI and those
that underwent PCI and referral for CABG for ACS during pre-COVID-19 and COVID-
19 periods. ACS, acute coronary syndrome; CABG, Coronary artery bypass grafting;

COVID, Coronavirus disease; PCI, percutaneous coronary artery intervention.

Complications related to ACS admissions during pre-COVID-19 and COVID-19

periods

Table 3 depicts complications related to ACS observed during the study period. The
only significant between-group difference was that of a higher incidence of arrhythmias
in patients admitted during the pre-COVID-19 period (P= 0.011). Other complications
that had a trend towards statistical significance included heart failure and
atrioventricular block. Six in-hospital mortalities were observed. Five patients died in
the pre-COVID-19 period and one patient during the COVID-19 period.
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Table 3: Complications encountered in ACS patients during the pre-COVID-19 and
COVID-19 periods.

Pre-COVID- | covip-19 Total
. 19 . - . . P-value
Variable L admissions | Admissions
Admissions n (%) n (%)
n (%) (] (]
Complications 43 (38.81) 38 (51.35) 81 (44.51) 0.124
HFrEF 37 (34.26) 36 (48.65) 73 (40.11) 0.052
Cardiogenic
shock 1 (0.93) 0 1 (0.55) 0.407
Arrhythmias 9 (8.33) 0 9 (4.95) 0.011
Left Vil’:)tt“cu'ar 2 (1.85) 1(1.35) 3 (1.65) 0.794
Cardiac Arrest 2 (1.85) 1 (1.35) 3 (1.65) 0.794
Atrioventricular
blocks 1 (0.93) 4 (5.41) 5 (2.75) 0.069
Critical limb 0 2 (2.7) 2 (1.1) 0.086
ischemia
Left ventricular 0 1(1.39) 1(0.56) 0.219
aneurysm

HFrEF- Heart failure with reduced ejection fraction

4. DISCUSSION

This is the first South African study to assess the impact of the COVID-19 pandemic
at a public tertiary level hospital. The most striking finding was a lack of anticipated
reduction in ACS admissions, no difference in the rates of thrombolysis and the
number of PCl and CABG procedures during the COVID-19 pandemic compared to
the pre-COVID-19 period.

We noted no reduction in the number of ACS admissions during the COVID-19 period
compared to the pre COVID-19 period. In contrast to several international studies that
showed significant reduction in ACS admissions, [6-16] our study shows no significant
reduction in ACS admissions. Multiple factors might have contributed to this finding.
First, most other studies compared the time during lockdown measures to a similar
period in the previous year. Therefore, this finding might have been influenced by the
month-to-month variability of admissions. Secondly, it is not unreasonable to assume

that the de-escalation of the stringent lockdown rules from 31st May 2020 may have
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eased the anxiety and fear to seek medical care, hence allowing more patients to
attend the hospital instead of ignoring their symptoms. Thirdly, CHBAH is the largest
referral hospital receiving a high volume and sicker patients, thus consequently

obscuring the reduction in ACS.

Two studies undertaken in Taiwan and Australia respectively, where strict lockdown
measures were implemented early, reported a lack of reduction in ACS admissions.
[20.21] |In yet another report from a large referral centre in the United States, Baystate
medical centre, no significant change in STEMI volumes was noted during the COVID-
19 pandemic. Similar to CHBAH, this finding was attributed to the large volumes of
patients seen at this hospital. In contrast to the current study, the aforementioned
studies did not evaluate the influence of the pandemic on other forms of ACS

admissions.

Moreover, we found that the number of admissions for UA decreased by 75% during
the COVID-19 period. This finding was also highlighted amongst patients attending
South African private hospitals. '’ A meta-analysis which included forty studies,
concluded a 48.1% reduction in admission rates for UA during the COVID-19
pandemic (Helal et al). ?? This finding was attributed to less severe symptoms
associated with UA as opposed to STEMI/NSTEMI. Thus, patients likely tended to wait
instead of seeking urgent medical attention. This is particularly relevant in the South
African context, where this behaviour is not uncommon even under normal
circumstances due to poor socioeconomic status of the patients compounded by the
lack of access to public transport. [324 Other factors such as
underestimation/misinterpretation of symptoms as well as reluctance to seek

healthcare for fear of contracting the infection may have also played a role. [']

Male gender was the most prevalent across all periods comprising 77.4%. Historically,
male gender has been demonstrated as a risk factor for CAD compared to females of
the same age. [? The latter may be explained by the protective effects of oestrogen
that women derive benefit from during their pre-menopausal years. This defence is
lost during the postmenopausal period, during which atherosclerotic coronary events
rapidly reach the rates seen in men. 81 Additionally, the prevalence of smoking,
identified as an important risk factor for CAD, is much lower in females compared to

males. /] Furthermore, the small percentage of females observed might be attributed
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to the general underdiagnoses of ACS in females due to atypical symptom

presentation as stipulated in the previous studies. [282°]

It is important to note that only one third of STEMI patients received fibrinolysis in both
periods. This finding is akin to the study by Meel et al and the larger Acute Coronary
Events-a Multinational Survey of Current Management Strategies (ACCESS) registry
study conducted approximately a decade ago in the pre-COVID- 19 period.[2031 |t
again highlights the failing South African health care system and an inability to
implement measures to improve care of STEMI patients, despite attempts to establish
strategies and networks in South Africa for the care of these patients.? The findings
of the current study may be related to a combination of factors such as: 1) poorly
educated patients with ignorance regarding ACS symptoms and therefore late
presentations beyond the thrombolysis period; 2) poor STEMI activation systems!33l
and/or 3) increase in under- and misdiagnosis during the pandemic due to fear
amongst health care workers of contracting COVID-19 infection;l?? 4) the growing
number of broadcasts from national authorities emphasizing chest discomfort and
dyspnoea as the dominant symptoms of COVID-19 may have been misleading for
many patients with ACS and [?2 5) a strained healthcare system coupled with
restructuring to accommodate acutely ill COVID-19 patients may have accounted for
the misdiagnoses and inappropriate down-referral of ACS patients. We did not
document the time to thrombolysis in this study during the two periods. Based on prior
data, a minority of patients in South African hospitals receive fibrinolytic therapy within
the optimal one- to - six hours window period due to previously reported factors. [30.32]

This translates into increased morbidity and mortality in these patients.

There was no difference in PCI procedures or CABG referral during the pre-COVID-
19 period compared to the COVID-19 period. This was an interesting finding. As per
initial data from China and lItaly 4, we advocated use of thrombolysis over PCI in
patients with ACS during the COVID-19 period to the avoid risk of COVID-19 infection
to operators in our Cardiology unit. Despite postponing elective procedures at CHBAH,
advocating for use of thrombolysis, awaiting COVID swab results prior to PCI, and
discharging of low-risk patients with ACS, no difference in the rates of PCI was noted
during the two periods. This lack of difference in PCI during the two periods again is
likely a result of high volumes of ACS referrals to CHBAH that nullified the effect of the
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pandemic on overall PCI procedures. This finding is similar to other large volume

referral centres in the world. [21]

There was a trend toward higher admissions secondary to ACS-related HFrEF and
higher atrioventricular block in the COVID-19 period. This was likely due to delayed
presentations and lack of timeous PCI or thrombolysis during this period. Arrhythmias
in ACS generally occur during the first few hours following the onset of symptoms. 3%
As patients likely presented late during the pandemic, it may explain why arrhythmias
were less frequently observed during this period, resulting in a significant difference
between the two groups. The increased incidence of complications related to delayed
presentation of ACS during the COVID-19 pandemic has been observed and reported
previously in Chinese and lItalian studies. 133 Nevertheless, in the South African
context, these findings are of grave concern as it is likely due to overburdened health
care facilities subsequent to repeated hospitalisations of such patients with heart
failure and other related complications. This has a direct effect on the costs incurred
by these facilities. It has been shown that the cost of a heart failure-related admission
can cost between ZAR 135 to ZAR 733 per night at CHBAH. 1381 Additionally, the high
rates of complications post-M| impairs quality of life of these patients and places
economic and psychological burden on patients and their families. 3738 These
problems must be anticipated, and plans need to be put in place to limit the effects of

the aforementioned issues during the post-COVID period.

We also noted a more aggressive usage of medical therapy in the form of beta
blockers, statins, nitrates, and furosemide during the COVID-19 period compared to
the pre-COVID-19 period. The current literature suggests no difference in the medical
management of ACS patients during the COVID-19 period, except for an emphasis on
anticoagulation in patients that are confirmed COVID positive. B4 The patients
admitted to CCU during the COVID 19 period were sicker with higher risk features and
complications such as heart failure. This would have led to the significant difference in
usage of prior medication by the clinician in this study. This finding was in contrast to
the multicentre study conducted in Israel by Fardman et al 3%, whereby no difference
in distribution of medication was noted in the COVID-19 and non-COVID periods
amongst STEMI patients. A greater prevalence of dyslipidaemia and a strong family
history of CAD were in our view, coincidental findings that may not have contributed

to the higher complication rates.
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Furthermore, this study found that patients admitted during the COVID-19 period had
a longer hospital stay compared to pre-COVID-19 with a median of 4 days. This is in
contrast to a French study by Matsushita K et al and an English study by Kwok CS et
al where hospital stay was shorter. [4041 This discrepancy in our hospital is explained
by the fact that patients required a negative COVID-19 polymerase chain reaction
(PCR) test before admittance to CCU. This was further aggravated by laboratory
delays and the need for repeat testing in patients who were transferred from outlying
hospitals. The longer hospital stay has cost implication and also increases a patient’s

risk of acquiring COVID-19 during the hospitalisation period.

5. LIMITATIONS

The retrospective nature of the study suffers from common limitations inherent in such
a study design. As previously mentioned, we were unable to compare admissions
during COVID-19 with a similar period in the previous year. However, as CHBAH
attends to high volumes of patients daily, we did not believe that this would have a
substantial effect on the results of this study. In addition, the paucity of data for patients
who demised in CCU, or those with ACS who were not admitted to CCU greatly
impacts on the cohort size as well as deductions that can be made about hard
endpoints such as morbidity and mortality. All patients admitted to CCU were COVID
negative and therefore patients who were COVID-19 positive with concurrent ACS
were inevitably excluded from the analysis. Further, it will be difficult to ascertain the
true number of ACS admissions outside of CCU that were admitted to the COVID ward
due to high number of confounders for troponin leakage in the setting of concurrent
COVID-19 infection, also lack of meticulous record keeping and missing data make it
difficult to access such information in a large volume centre. In a recent study by Meel
et al 42, a prevalence of 6.5% for ACS in patients with COVID-19 was noted in a study
conducted in late 2020-2021 at CHBAH and we suspect a similar trend may have
occurred in the early part of the pandemic. Further it must be noted that the intent of
the study was not to study effect/pathophysiology of COVID-19 and concurrent ACS
but rather the influence of the pandemic on ACS admissions and management

irrespective of their COVID-19 status. Lastly, this study focused on a single centre and
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therefore the results cannot be extrapolated to assess the effect of the COVID-19

pandemic at the district, provincial and national levels.

6. CONCLUSION

There was no difference in STEMI and NSTEMI admissions during COVID-19 and
pre-COVID-19 periods in the current study. However, fewer cases of unstable angina
were seen during the COVID-19 period. During both periods only a third of the patients
with STEMI received fibrinolysis and no difference in PCl or CABG were noted. There
were no differences in complications observed between the two periods, except for
higher rate of arrhythmias noted in the pre-COVID-19 period. The COVID-19
pandemic has had an unprecedented impact on cardiology services worldwide and
has had an even greater impact on the already under-resourced developing world as
suggested by mostly anecdotal reports in the absence of formal large studies. We
hope that this study, despite its limitations, has shed light regarding the impact of
COVID-19 on ACS admissions at a tertiary hospital in South Africa. Below, we outline
some brief recommendations regarding management of ACS in the era of COVID-19

pandemic in the South African context.

7. RECOMMENDATIONS

1. Education of the general population through social media platforms about early
recognition of ACS symptoms and immediate referral to emergency
departments is of utmost importance. The dangers of Ml-related complications
that may result from delays in seeking medical help must be emphasised.
Anxiety and fears associated with acquisition of COVID-19 infection at health
institutions must be addressed and patients must be reassured regarding the
preventative protocols that are implemented at most hospitals to prevent

transmission of infection.

2. STEMI activation networks must be put in place during this time to prevent
delays in transfer of patients from peripheral hospitals to larger, more
specialized centres. This requires co-operation between government,
healthcare personnel and hospital administration.
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. The management of patients with ACS must be stratified according to risk. All
low risk NSTEMI/ unstable angina and completed STEMI patients must have
COVID tests done and may be given elective dates for coronary angiograms to
minimise lengthy hospital stays. In general, STEMI patients, high risk
NSTEMIl/unstable angina patients must be managed where possible according
to the standard guidelines. In the South African setting, thrombolysis must
remain the first-line treatment of patients with STEMI due to resource and
personnel limitations. All decisions must be led by a senior cardiologist in

equivocal cases.

. All patients with ACS requiring emergency care and who are not candidates for
thrombolytic therapy or who require rescue PCI, must be assumed to be COVID
positive and time should not be wasted whilst awaiting results of the COVID
swab. The catheterisation laboratory personnel must be trained in the
management of these patients and should have undergone appropriate
personal protective equipment (PPE) training. Only the minimum number of
staff needed for the case must be present in the catheterisation laboratory. The
case must be performed by an experienced operator to minimise prolonged
exposure to a patient with possible COVID-19 infection. The catheterisation
laboratory must be sanitised upon completion of the procedure. A dedicated
isolation area in the hospital must be reserved for ACS patients where they can

be monitored post-procedure whilst awaiting results of COVID-19 test.

. Each unit in the country must establish their own dedicated protocols regarding
management of these patients and these must be constantly reviewed to

improve care as more data becomes available.

. Follow-up visits of patient's post-discharge must be minimised, and
telemedicine consultation must be encouraged to avoid transmission of
infection. Lifestyle modification and strict adherence to prescribed medication

must be emphasised to prevent future events.

. A multidisciplinary team comprising a cardiologist, dietitian, psychologist, social

worker and bio-kineticist becomes even more relevant at this time.
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APPENDICES.
l. DATA COLLECTION SHEET

1.Casenumber: ...................
2. Month of admission..................

3. Demographic data:

a.Age: ..o

b. Gender:

Female (1); Male (2)

c. Ethnic group:

African (1); Asian (2); Colored (3); White (4); Unknown (5)

4. Patient’s risk factors:

Hypertension (1); Diabetes Mellitus (2); Dyslipidemia (3); Cigarette Smoking (4).
Body mass index >25kg/m? (5); Family history of ischemic heart disease (6); none (7);
Others (8); specify.........cccoevveennnnn.

5. Clinical presentation:

a. Symptoms: :|

Typical chest pain (1); others (2); specify......................

b. Time to referral to CHBAH:

Waiting time at peripheral hospital (1); COVID-19 test results and how long was it
delayed (2)

c. Cardiac biomarker:

Highly-sensitive Troponin T — elevated- Y/N

d. Electrocardiogram changes:
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ST elevation (1); ST depression (2); T wave inversion (3)

e. Echocardiogram findings:

LVEF preserved (>50%)-Y/N, reduced (<40%)- Y/N.......coooiiiiiiiiiiiiiinannn.

Valvular heart disease. Yes /No

Regional wall motion: Normal (1); Abnormal (2); Anterior (3); Septal (4); Inferior (5);
Lateral (6)

6. Associated complications:

Heart failure (1); cardiogenic shock (2); left ventricular aneurysm (3); Arrhythmias (4);

cardiac arrest 5); Thromboembolism (6); Others, specify.................c.ooeein.

7. Management:

Conservative management (1); fibrinolysis (2); percutaneous coronary intervention

(3); referral for cardiopulmonary bypass (4)

8. Outcomes:

Morbidity (1); In-hospital Mortality (2); discharged (3).
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