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Abstract
Background

There is limited information on acute heart failure (AHF) and the treatment thereof in
sub-Saharan Africa. Therefore, the aim of this study was to describe the clinical
characteristics, causes, adherence to heart failure (HF) treatment guidelines and
mortality of patients presenting to Groote Schuur Hospital with acute heart failure
(AHF).

Methods

This is a sub-study of The Sub-Saharan Africa Survey of Heart Failure (THESUS-
HF). This sub-study is a prospective and observational survey that focused on the
enrolment and follow-up of additional patients with AHF presenting to Groote Schuur
Hospital entered into the existing registry, following the publication of the primary
paper of THESUS-HF in 2012. The patients were classified into prevalent (or existing)

or incident (or new) cases of heart failure.
Results

Of the 119 patients included, 69 (58%) were female and the mean (SD) age was 49.9
(16.3) years. Prevalent cases were mostly of mixed ancestry (63.3%) with more
hypertension (70%), diabetes mellitus (36.7%), hyperlipidaemia (33.3%) and
ischaemic heart disease (36.7%) than incident cases. The main causes of heart failure
were cardiomyopathy (20.2%), ischaemic heart disease (IHD) (19.3%) and rheumatic
valvular heart disease (RHD) (18.5%). Most patients received renin-angiotensin
system blockers and loop diuretics on discharge. There was a low rate of -blocker,
aldosterone antagonist and digoxin use. Rehospitalisation at 180 days occurred in
25.2%. In-hospital mortality was 8.4 % and the case fatality rate at six months was
26.1%.

Conclusion

In Cape Town the main causes of AHF are cardiomyopathy, IHD and RHD. AHF
affects a young population and is associated with a high rate of rehospitalisation and
mortality. There is a serious under-use of B-blockers, aldosterone antagonists and
digoxin. An emphasis on the rigorous application of treatment guidelines is needed

in order to reduce re-admission and mortality.



Literature Review

Introduction

Heart failure (HF) is a worldwide phenomenon that affects millions of people yearly
and carries a high mortality. In the US 5.8 million people are affected with HF and the
worldwide prevalence is estimated to be >23 million people.®? The past three decades
have seen a rise in the research associated with HF. Large multicentre studies from
USA (e.g., ADHERE) and Europe (e.g., EHFS Il) have provided a greater insight into
the aetiology, treatment and outcomes of patients with HF in the developed world.®*
Clinical trials such as SOLVD, MERIT-HF, CIBIS-Il and COPERNICUS have helped
to establish ACE-inhibitors and beta-blockers as cornerstones in the treatment of the

disease.®®

Despite these advances, there are still many unanswered questions. The causes of HF
and demographics of the patients suffering thereof are not uniformly distributed and
great geographic variance exists. Observational studies from sub-Saharan Africa (SSA)
show that hypertension, rheumatic heart disease (RHD) and idiopathic
cardiomyopathies are the main causes of heart failure in a significantly younger group
of patients when compared to those of developed countries.®™ Furthermore, the
epidemiological transition due to the movement of people from rural areas to urban
centres in search of work and education is resulting in lifestyle changes that in turn are
contributing to an increase in cardiovascular diseases.**™* There is a growing body
of knowledge on HF in sSA, however there is a paucity of data regarding the treatment
and outcomes of patients with acute heart failure (AHF). This study aims to address
this need though examining the treatment and outcomes of patients presenting to a
tertiary level hospital in Cape Town, South Africa.

This literature review will focus on the available body of evidence relating to HF — the
causes, treatment and outcomes, with a special focus on sSA. A PubMed search was
performed using the terms “acute” or “chronic heart failure”, “cardiomyopathy”
“valvular heart disease”, “treatment of heart failure”, “outcomes of heart failure”
“tuberculosis” and “HIV” from January 1, 1980, through November 30, 2015. The

reference lists of the relevant articles and reviews on the subject were consulted. Only



studies published in English were retrieved, and articles with important insights about
the epidemiology, aetiology, treatment and outcomes of HF in Africa and
internationally are cited.

Incidence and demographics

The advancement and improvement of medical care of endemic and emerging diseases
has allowed for an increase in the number of older people in the population. This group
of patients has a high risk of developing HF.®* This has lead to HF becoming a great
public health problem in the developed world and is associated with large numbers of
hospitalisations, high mortality and an increased burden on financial and physical
resources.®'® Analysis of Framingham Study data found that the prevalence of HF
was high, affecting about 1% of people in their 50’s and then rising with age affecting
10% of people in their 80’s. The annual incidence was also found to increase with age.
In the 45 to 54 year age group, the incidence of HF was 0.2%, rising to 4.0% in men
85 to 94 years.® Clinical drug trials have provided detailed information on the natural
history of HF, however these trials studied a highly selected group of patients.(15) Until
recently, there were no multicentre prospective epidemiological studies describing HF
in the general population.

The first of these studies, the EuroHeart Failure Survey programme (EHFS 1),
undertaken between 2000 and 2001 enrolled 11 327 patients from 115 hospitals in 24
countries in Europe.®® The aim of this study was to investigate whether patients with
known or presumed heart failure were being managed in accordance with the European
Society of Cardiology (ESC) guidelines. This study was followed up with EFHS 11 in
2006 which enrolled 3 580 patients from Northern Europe (3.5%), Western Europe
(20.4%), Central Europe (34.4%) and Mediterranean Europe (42.4%).“) The aims of
this study were to assess the aetiology and precipitating factors of acute heart failure
(AHF), the patient characteristics for acute new-onset HF and acute decompensated
chronic HF, as well as for clinical groups classified according to ESC AHF guidelines.

In 2005 the Acute Decompensated Heart Failure National Registry (ADHERE) was
published.® This observational study from the USA enrolled 105 388 patients from
274 hospitals and is the largest epidemiological study to date. The Organized Program
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to Initiate Lifesaving Treatment in Hospitalized Patients With Heart Failure
(OPTIMIZE-HF) study collected data on 48 612 patients hospitalised for HF at 259
hospitals in the USA.®” These large epidemiological studies have provided great
insight into the demographics, causes, treatment and natural history of HF in the
developed world.

In the developing world, improved control of infectious and nutritional disorders along
with epidemiological transition have increased the risk of cardiovascular
disease.*81 Considering this increased burden of cardiovascular disease, a review
of published data on HF in developing countries by Mendez and Cowrie in 2001 found
no published population-based studies of HF.™* Information on the epidemiology of
HF in sSA is mostly gained from hospital-based studies, showing that CVD accounts
for 7-10% of all medical admissions to African hospitals, with heart failure

contributing to 3-7% of these admissions.™

Four prospective hospital-based observational studies from the sub-continent stand
out. The first is the Heart of Soweto Study, which was published in 2008, and enrolled
844 patients presenting with de novo HF to Chris Hani Baragwanath Hospital in
Soweto, South Africa.® This was followed by the Sub-Saharan Africa Survey of Heart
Failure (THESUS-HF) published in 2012, which is the largest multicentre study to
date, with 1006 patients from 9 African countries.’® More recently the Abeokuta
Heart Failure Clinical Registry from Nigeria described 452 consecutive patients
presenting with AHF to the only tertiary hospital in Abeokuta, while the prospective
Tanzania Heart Failure (TaHeF) study examined 427 patients and the predictors of

heart failure.?%V

These studies along with a handful of smaller retrospective analyses have added to the
volume of knowledge regarding HF in sSA. When comparing the data from the above-
mentioned registries, certain epidemiological and demographic differences between
USA, Europe and Africa are revealed. Firstly, the mean age of patients with HF in
USA and Europe is between 70-73 years.®**?? This contrasts greatly with SSA, where
the patients are between the ages of 42-59 years.*!%?% This evidence discloses a

younger population of patients, who are in the socio-economic prime of their lives.
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The proportion of women affected with HF in the developed world ranges from 39-
65%.%4%2 |n sSA, the proportion of affected women compared to men varies by
region. Nigeria has a lower proportion of female patients than males when compared
to South Africa and the East African countries of Kenya and Uganda.®%%?) The
proportion of affected males compared to females of 40-60% is similar when

comparing the developed world to sSA. #1020

Diabetes mellitus (DM), hypertension and ischaemic heart disease (IHD) account for
the majority of the risk factors predisposing to the development of HF in developed
countries.®**2%) In sSA hypertension, cardiomyopathy and RHD are the main

(26

predisposing factors.*”) In recent years there has been an increase in the incidence of

DM, dyslipidaemia and obesity.*’

) This is thought to be most likely due to movement
of people from rural areas to the cities in search of work, resulting in a change in diet
and lifestyle.**?® Considering this transition, the incidence of IHD remains low and
this may be partly due to under reporting and a lack of resources to further investigate
patients presenting to health care services with invasive diagnostic tests such as

coronary angiography. %

Human immunodeficiency virus (HIV) infection affects 30 million people worldwide
with sSA carrying the majority of the disease burden (22 million people).®® The 2014
WHO Global Tuberculosis report estimates that in 2013, 9 million people developed
tuberculosis (TB). Almost one third (29%) of TB infections occurred in SSA with over
50% of TB cases co-infected with HIV.®Y In rural South Africa HIV and TB are the
leading causes of death in patients under the age of 65.%? HIV/TB co-infection has
been recognised as an important risk factor for the development of HF in sSA and this
further contributes to the relatively young age of patients with HF.(%%%39

Considering the differences in age, sex and risk factors for HF when comparing
developed countries with SSA, it is interesting to note that African-Americans share
similar characteristics with sub-Saharan Africans. Racial differences in the
demographics, causes and outcomes of HF have been noticed in the USA. A study
conducted at the Cook County Hospital in Chicago studied 301 black patients with
HF.®® Published in 1996, this study showed a younger population (56 years) with a
high incidence of hypertension and low incidence of myocardial infarction. These
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observations have been further confirmed by post-hoc sub-group analysis of African-
Americans compared to their Caucasian counterparts in the SOLVD, DIG, OPTIME-
CHF, RALES and OPTIMIZE-HF studies.®®™% A possible explanation for this
disparity may lie in the pathophysiology of HF in African-Americans underpinned by

differences in neurohormonal responses and genomic variances.*?
Aectiology

HF is a clinical syndrome recognised by the constellation of symptoms and signs of
poor effort tolerance and fluid retention as a result of neurohormonal responses to
cardiac dysfunction.*¥ Its causes are varied and differ in different parts of the world.

Cardiomyopathy, RHD and hypertension are considered to be the major causes of HF
accounting for 75.5% of cases in sSA.1%%4%4D |n developed countries IHD alone or
in conjunction with hypertension, atrial fibrillation and DM constitute the commonest

causes of HF, with dilated cardiomyopathy (DCM) in the minority.®*52%

Cardiomyopathy accounts for 30% of cases of HF in adult Africans.%*® DCM,
peripartum cardiomyopathy (PPCM) and endomyocardial fibrosis (EMF) are endemic
to sSA.(47) DCM carries a 4 year mortality of 34%.“® In African patients the
aetiological factors that have been studied include undiagnosed hypertension,
autoimmune disease, iron overload, alcohol abuse, myocarditis, pregnancy and
nutritional deficiencies.*” Familial and genetic associations such as HLA-DR1 and
DRw10 antigens, reported in South African patients, have furthered the understanding
of the pathogenesis of unexplained DCM. 9V

The THESUS-HF study showed that 7.7% of HF was due to PPCM.®® This disorder
of unknown cause occurs in the last month of pregnancy and the following 5 months
postpartum.®® African race along with gestational hypertension and multiparity are
some of the risk factors associated with the development of PPCM.®® Recent evidence
also suggests a familial and genetic predisposition to its development. ®** When
compared to idiopathic DCM, patients with PPCM have a better survival and a higher

rate of spontaneous recovery.®*>
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EMF is a form of restrictive cardiomyopathy caused by fibrosis in the mural
endocardium resulting in the restriction of ventricular diastole and entrapment of the
papillary muscles of the atrioventricular valves.“® In Uganda it accounts for 20% of
HF cases and is considered to be the most common form of heart disease.*® The
pathogenesis remains unknown. It is suggested that an interplay between the
environment (geography, social circumstances and infective agents) and the host (diet,
eosinophilia) may be the basis for this pathology.“®*® The prognosis of EMF is poor

even with medical treatment.“®)

In developing countries RHD is the most common cause of acquired heart disease in
children, adolescents and young adults.®” A study conducted to detect RHD in
scholars aged between 4-24 years in South Africa and Ethiopia using
echocardiographic screening showed a prevalence of 20.2 cases per 1000 and 31 cases
per 1000 respectively.(Sg) The high mortality of RHD is well illustrated by the clinical
outcomes of South African patients included in THESUS-HF, which showed an initial
in-hospital mortality of 17.5%, a 60-day mortality of 24.8% and a180-day mortality of
35.4%.57

HIV-associated cardiomyopathy is characterised by global systolic functional
impairment with or without left ventricular dilatation.®® The exact prevalence in
Africa is not clear. The Heart of Soweto Study found HIV-associated cardiomyopathy
to be the most common cause (38%) of de novo HF in patients with HIV.®® Other
studies have described the prevalence to range from 5-57% in people living with
HIV.®Y The prognosis is poor without highly active antiretroviral therapy
(HAART).®%%) H|V and its direct effect on the myocardium along with its effect on
the immune system are the proposed mechanisms for the pathogenesis of the

(60)

cardiomyopathy. HIV-immunosuppression-related  myocarditis  due to

opportunistic infections such as TB have also been implicated.®*346162)

TB pericarditis accounts for the most common type of pericardial disease
worldwide.®® In sSA, TB accounts for > 90% of pericardial effusions in the HIV

infected population.®® Furthermore, the prevalence of myopericarditis in TB

pericarditis has been described to be 53% in a patient cohort from Cape Town.®¥

Constriction is a common and serious complication of TB pericarditis.®®
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Antituberculosis therapy, pericardiocentesis and pericardiectomy are used to treat TB
pericarditis and its complications, yet despite these interventions, the mortality
remains high especially in patients co-infected with HIV/.36

Right heart failure (RHF) accounts for a very small proportion of HF in the developed
world, amounting to only 3.2%. This contrasts considerably with findings in Africa
where in urban South Africa 28% of HF cases were due to RHF.®® The BOLD study
reported that South Africa has a high prevalence of chronic obstructive airways
disease.®) The reason for these observations is multifactorial and potentially
represents the sequelae of urbanisation.?*®” Exposure to pollution, dust from mining,
smoking, and the use of solid fuel heaters, along with HIV and TB, both important risk
factors for RHF, contribute to the increasing prevalence of airways disease and its

complications_(3o,33,65)

Treatment

The development of a number of international registries in the past decade have
provided invaluable epidemiological and clinical information aiding in the
management of HF.®® Current guidelines for the diagnosis and management of HF
advocate the use of ACE-inhibitors, p-blockers and mineralocorticoid antagonists for
symptomatic and mortality benefit.®*® Diuretics and digoxin are used for symptom
control while digoxin use aids in decreasing HF hospitalization.” Despite these
advances, evidence from high-income countries shows sub-optimal adherence to

medical recommendations."*"¥

Little is known regarding the treatment practices of HF in sSA. The THESUS-HF
registry in sSSA notes three important observations regarding the management of HF.
Firstly, there was a high incidence of the use of aspirin in patients with non-ischaemic
HF, while the use of the hydralazine hydrochloride and nitrates combination, shown
to be effective in patients of African decent, was hardly used.®*" B-blockers were

only used in 50% of patients at six months of follow-up."%

Retrospective post-hoc analysis of the SOLVD trial suggests a lesser response to ACE-
inhibitor in African-Americans and an increase in the rate of hospitalisations.“" V-

15



HeFT | studied the effect of the vasodilator combination of isosorbide dinitrate and
hydralazine on HF, finding that it has no clinical benefit in their Caucasian population.
However, in the African-American group it showed a significant survival benefit,
suggesting that nitric oxide may play a pivotal role in the pathogenesis of HF in this
group.® Following this trial, V-HeFT 11 was designed in order to test two therapies,
namely that of the nitrates and hydralazine combination and the ACE-inhibitor,
enalapril. A comparison of outcomes between Caucasians and African-Americans
once again shows a significant benefit of ACE-inhibitors over vasodilator therapy in
the Caucasian group. In the African-American group there was no difference in benefit
between the two therapies.”” Conclusions from the A-HeFT study state that the
addition of a fixed dose of isosorbide dinitrate and hydralazine to the standard therapy
for HF is effective and increases survival in African-American patients suffering from
advanced HF.™ The therapeutic benefit of the nitrate and hydralazine combination in
sub-Saharan Africans is unknown and is currently being investigated in a prospective,
placebo-controlled, double-blinded, randomised study comparing treatment with
hydralazine/isosorbide dinitrate versus placebo in addition to standard care in 500
African patients admitted with acute heart failure and left ventricular dysfunction (B-
AHEF).®)

In contrast to the developed world, the high prevalence of HIV and TB and their
cardiovascular manifestations add another dimension to the treatment of HF in sSA.
There is a paucity of evidence regarding the treatment of HIV in patients with HF, and
whether the early introduction of HAART in these patients changes the outcome of
HF is unknown. %% With regards to the treatment of TB pericardial disease, the IMPI
trial examined the use of prednisolone as an adjunctive therapy to TB therapy. The
results showed that prednisolone did not have a significant effect on the combined
outcome of death from all causes, cardiac tamponade requiring pericardiocentesis, or
constrictive pericarditis. However, the study did demonstrate that the use of adjunctive
glucocorticoids reduces the incidences of pericardial constriction and hospitalisation.
These beneficial effects are similar in both HIV-positive and HIV-negative patients.
There was however an increase in the incidence of HIV-associated malignancies in

immunosuppressed patients. /®
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Pharmacological therapy forms the cornerstones of HF treatment. However, evidence
from the developed world shows that despite appropriate prescribing of medication,
patient education and adherence to therapy, lifestyle and behavioural changes
contribute significantly to re-hospitalization and long-term outcomes in HF
patients.*®® This has prompted the development of HF management programs
utilizing a multidisciplinary approach in order to educate patients and their carers
about HF, provide support with regards to diet, risk factor modification and adherence
to therapy, along with early recognition of decompensating HF."*%) The
implementation of these strategies has aided in reducing mortality and re-

hospitalisation, improving quality of life and decreasing healthcare costs.®"*?

Information regarding medication adherence, self-care behaviour and knowledge
about HF in Africa is scarce." A study of urban Africans in Soweto, South Africa,
showed that individual medication adherence ranged from 64-79%, behavioural
adherence varied from 2.5-98% and that treatment knowledge was poor with half of

the patients unable to name medication side-effects or their functions.’

Considering the current understanding of HF in Africa, specific areas of management
have been highlighted. These include prevention and management of risk factors
associated with HF in the African context, improved adherence to current treatment
recommendations, long-term treatment and follow-up of PPCM, family screening for
cardiomyopathy in patients with unexplained DCM and increasing research into
treatments for HF including nitrate/hydralazine combination, digoxin, bromocriptine

and pentoxifylline.®
Outcome

HF is one of the most common causes of admission to hospital and carries with it poor
outcomes worldwide.®*##) The Framingham study shows that after receiving the
diagnosis of HF, the one year and five year survival rates are 57% and 25%
respectively for men, and 64% and 38% respectively for women.® The ADHERE,
EHFS 1l and OPTIMIZE-HF registries showed an in-hospital mortality of 3.8-
6.7%.%*!) De novo HF and patients treated in intensive care unit (ICU) had poorer
outcomes, while hypertensive heart disease had the best outcome.®* With regards to

17



outcomes, OPTIMIZE-HF reported 8.6% mortality at 90 days with a median time to
death of 42 days.“” The length of stay described in these registries varied from 3-14
days, with a clear distinction between Europe and USA, at 11 days and 4.3 days
respectively.®* This may represent differing practices and access to specialist opinion
thus affecting outcome, depending on the hospitals to which patients are admitted.®®

The limited data from sSA show similar in-hospital mortality, at 3.8% and 4.2% in the
Nigerian AHF registry and THESUS-HF, respectively.?®?® This similarity in
outcomes is of interest considering the demographic and aetiological differences
between the developed world and sSA. This suggests that once HF occurs, its
progression is independent of the patient characteristics.®® Despite the similar
outcomes, the causes of HF leading to death are different with endemic causes such as
DCM, PPCM and EMF accounting for the majority of deaths.“? However,
epidemiological transition with changes in diet and socio-economic context in many
of the developing countries may see non-endemic causes of HF increase the burden of
disease and mortality.®>*288) | ength of stay in studies from sSA are longer than
those reported in high income countries.**?% Sub-analysis of predictors and outcomes
of 60-day readmission or death and 180-day mortality of the THESUS-HF study shows
that the main predictors for adverse outcomes in sSA are similar to the rest of the
world. Exceptions to this include the effect of HIV status on mortality and the lack of
prediction by sodium on readmission and deaths.(88)

Conclusion

The increasing prevalence of HF in the developed world is setting great health and
social challenges.>8%) |n USA alone, it is estimated that $12.7 billion per annum is
spent on the in-patient management of HF.® The development of large multicentre
registries in the USA and Europe has provided great insight into the aetiology,
treatment, and outcome of HF.®*™ Furthermore, the development of strategies
aimed at prevention, improved adherence to treatment and long-term monitoring of

HF show promising results. %82

In Africa, improvements in the control of communicable diseases and malnutrition

along with population migration to urban centres underpins the increase of
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cardiovascular disease, which is becoming a significant cause of morbidity and
mortality.®” In 2008 communicable, maternal, perinatal and nutritional conditions
accounted for the majority of deaths in South Africa. However, cardiovascular disease
was the main cause of death amongst non-communicable diseases."® There is still a
lack of information on HF in Africa and in order to tackle this increasing public health
problem, further epidemiological, etiological and treatment information is needed in
order to develop health policies for the diagnosis, management, prevention and control
of HF.847:9D Einally, given the contemporary understanding of HF in SSA, certain
areas of research have been suggested, including clinical trials on fixed-dose
isosorbide dinitrate/hydralazine combination and bromocriptine, the study of coronary
artery disease as a cause of HF and examining the use of molecular genetic testing in

the diagnosis and management of cardiomyopathies.®

References

1. Roger VL, Go AS, Lloyd-Jones DM, Adams RJ, Berry JD, Brown TM, et al.
Heart Disease and Stroke Statistics—2011 Update: A Report From the
American Heart Association. Circulation. 2011;123(4):e18-209.

2. Bui AL, Horwich TB, Fonarow GC. Epidemiology and risk profile of heart
failure. Nat Rev Cardiol. Nature Publishing Group; 2011;8(1):30-41.

3. Adams KF, Fonarow GC, Emerman CL, LeJemtel TH, Costanzo MR,
Abraham WT, et al. Characteristics and outcomes of patients hospitalized for
heart failure in the United States: rationale, design, and preliminary
observations from the first 100,000 cases in the Acute Decompensated Heart
Failure National Registry (ADHERE). Am Heart J. 2005 Feb;149(2):209-16.

4, Nieminen MS, Brutsaert D, Dickstein K, Drexler H, Follath F, Harjola V-P, et
al. EuroHeart Failure Survey Il (EHFS I1): a survey on hospitalized acute
heart failure patients: description of population. Eur Heart J. 2006
Nov;27(22):2725-36.

5. The SOLVD Investigators. Effect of enalapril on survival in patients with

reduced left ventricular ejection fractions and congestive heartfailure. N Engl
J Med. 1991;325(5):293-302.

6. MERIT-HF Study Group. Effect of metoprolol CR/XL in chronic heart

19



10.

11.

12.

13.

14.

15.

16.

17.

failure: Metoprolol CR/XL Randomised Intervention Trial in Congestive
Heart Failure (MERIT-HF). Lancet. 1999;353:2001-7.

CIBIS-II Investigators and Committees. The Cardiac Insufficiency Bisoprolol
Study Il. Lancet. 1999;353:9-13.

Packer M, Coats A, Fowler M, Roecker EB, Coats AJS, Katus HA et al.
Effect of carvidilol on survival in severe chronic heart failure. N Engl J Med.
2001;344(22):1651-8.

Stewart S, Wilkinson D, Hansen C, Vaghela V, Mvungi R, McMurray J, et al.
Predominance of heart failure in the Heart of Soweto Study cohort: emerging
challenges for urban African communities. Circulation. 2008 Dec
2;118(23):2360-7.

Damasceno A, Mayosi BM, Sani M, Ogah OS, Mondo C, Ojji D, et al. The
causes, treatment, and outcome of acute heart failure in 1006 Africans from 9
countries. Arch Intern Med. 2012 Oct 8;172(18):1386-94.

Ntusi NB a, Mayosi BM. Epidemiology of heart failure in sub-Saharan Africa.
Expert Rev Cardiovasc Ther. 2009;7(2):169-80.

Alwan A, Armstrong T, Cowan M, Riley L. Noncommunicable Diseases
Country Profiles 2011. Who. 2011;1-207.

Stewart S, Carrington M, Pretorius S, Methusi P, Sliwa K. Standing at the
crossroads between new and historically prevalent heart disease: Effects of
migration and socio-economic factors in the Heart of Soweto cohort study.
Eur Heart J. 2011;32(4):492-9.

Mendez GF, Cowie MR. The epidemiological features of heart failure in
developing countries: a review of the literature. Int J Cardiol. 2001;80(2-
3):213-9.

Cleland J. The EuroHeart Failure survey programme—a survey on the quality
of care among patients with heart failure in Europe Part 1: patient
characteristics and diagnosis. Eur Heart J. 2003 Mar ;24(5):442-63.

Kannel WB; Belanger A. Epidemiology of heart failure. Am Heart J.
1991;121(3 Pt 1):951-7.

Fonarow GC, Abraham WT, Albert NM, Gattis Stough W, Gheorghiade M,

20



18.

19.

20.

21.

22,

23.

24,

25.

26.

Greenberg BH, et al. Influence of a performance-improvement initiative on
quality of care for patients hospitalized with heart failure: results of the
Organized Program to Initiate Lifesaving Treatment in Hospitalized Patients
With Heart Failure (OPTIMIZE-HF). Arch Intern Med. 2007;167(14):1493—
502.

Damasceno A, Cotter G, Dzudie A, Sliwa K, Mayosi BM. Heart Failure in
Sub-Saharan Africa: Time for Action. J Am Coll Cardiol. 2007;50(17):1688-
93.

Yusuf S, Reddy S, Ounpuu S, Anand S. Clinical Cardiology : New Frontiers
Global Burden of Cardiovascular Diseases. Circulation. 2001;(104):2746-53.

Ogah OS, Stewart S, Falase AO, Akinyemi JO, Adegbite GD, Alabi A a., et
al. Contemporary profile of acute heart failure in Southern Nigeria: Data from
the abeokuta heart failure clinical registry. JACC Hear Fail. 2014;2(3):250-9.

Makubi A, Hage C, Lwakatare J, Kisenge P, Makani J, Ryden L, et al.
Contemporary aetiology, clinical characteristics and prognosis of adults with
heart failure observed in a tertiary hospital in Tanzania: the prospective
Tanzania Heart Failure (TaHeF) study. Heart. 2014;100(16):1235-41.

Fonarow GC, Stough WG, Abraham WT, Albert NM, Gheorghiade M,
Greenberg BH, et al. Characteristics, treatments, and outcomes of patients
with preserved systolic function hospitalized for heart failure: a report from
the OPTIMIZE-HF Registry. J Am Coll Cardiol. 2007 Aug 21;50(8):768-77.

Kuule JK, Seremba E, Freers J. Anaemia among patients with congestive
cardiac failure in Uganda - Its impact on treatment outcomes. South African
Med J. 2009;99(12):876-80.

McMurray JJ, Stewart S. Epidemiology, aetiology, and prognosis of heart
failure. Heart. 2000;83(5):596-602.

Zannad F, S B, Juilliere Y et al. Incidence, clinical and etiological features and
outcomes of advanced chronic heart failure: The EPICAL Study. J Am Coll
Cardiol. 1999;33(3):734-42.

Damasceno A, Mayosi BM, Sani M, Ogah OS, Mondo C, Ojji D, et al. The
causes, treatment, and outcome of acute heart failure in 1006 Africans from 9

21



27.

28.

29.

30.

31.
32.

33.

34.

35.

36.

37.

countries. Arch Intern Med. 2012 Oct 8;172(18):1386-94.

Stewart S, Wilkinson D, Becker A, Askew D, Ntyintyane L, McMurray JJ, et
al. Mapping the emergence of heart disease in a black, urban population in
Africa: The Heart of Soweto Study. Int J Cardiol. 2006 Mar;108(1):101-8.

Mayosi BM, Flisher AJ, Lalloo UG, Sitas F, Tollman SM, Bradshaw D. The
burden of non-communicable diseases in South Africa. Lancet. Elsevier Ltd;
2009 Sep 12;374(9693):934-47.

Sliwa K, Mayosi BM. Recent advances in the epidemiology, pathogenesis and
prognosis of acute heart failure and cardiomyopathy in Africa. Heart. 2013
Sep;99(18):1317-22.

Syed FF, Sani MU. Recent advances in HIVV-associated cardiovascular
diseases in Africa. Heart. 2013;99(16):1146-53.

WHO. Global tuberculosis report 2014 (WHO/HTM/TB/2014.08). 2014;

Tollman SM, Kahn K, Sartorius B, Collinson M a, Clark SJ, Garenne ML.
Implications of mortality transition for primary health care in rural South
Africa: a population-based surveillance study. Lancet. 2008;372(9642):893-
901.

Sliwa K, Carrington MJ, Becker A, Thienemann F, Ntsekhe M, Stewart S.
Contribution of the human immunodeficiency virus/acquired
immunodeficiency syndrome epidemic to de novo presentations of heart
disease in the Heart of Soweto Study cohort. Eur Heart J. 2012;33(7):866—74.

Syed FF, Ntsekhe M, Gumedze F, Badri M, Mayosi BM. Myopericarditis in
tuberculous pericardial effusion: prevalence, predictors and outcome. Heart.
2014;100:135-9.

Mathew J, Davidson S, Narra L, Hafeez T, Garg R. Etiology and
characteristics of congestive heart failure in blacks. Am J Cardiol.
1996;78(12):1447-50.

Dries DL, Exner D V, Gersh BJ, Cooper HA, Carson PE, Domanski MJ.
Racial differences in the outcome of left ventricular dysfunction. N Engl J
Med. 1999;340(8):609-16.

Mathew J, Wittes J, McSherry F, Williford W, Garg R, Probstfield J, et al.

22



38.

39.

40.

41.

42.

43.

44,

45.

46.

Racial differences in outcome and treatment effect in congestive heart failure.
Am Heart J. 2005 Nov [cited 2014 Jul 15];150(5):968-76.

Echols MR, Felker GM, Thomas KL, Pieper KS, Garg J, Cuffe MS, et al.
Racial differences in the characteristics of patients admitted for acute
decompensated heart failure and their relation to outcomes: results from the
OPTIME-CHEF trial. J Card Fail. 2006 Dec;12(9):684-8.

Cavallari LH, Groo VL, Momary KM, Fontana D, Viana MA, Vaitkus P.
Racial differences in potassium response to spironolactone in heart failure.
Congest Heart Fail. 2006;12(4):200-5.

Yancy CW, Abraham WT, Albert NM, Clare R, Stough WG, Gheorghiade M,
et al. Quality of care of and outcomes for African Americans hospitalized with
heart failure: findings from the OPTIMIZE-HF (Organized Program to Initiate
Lifesaving Treatment in Hospitalized Patients With Heart Failure) registry. J
Am Coll Cardiol. 2008 Apr 29;51(17):1675-84.

Exner D V, Dries DL, Domanski MJ, Cohn JN. Lesser response to
angiotensin-converting-enzyme inhibitor therapy in black as compared with
white patients with left ventricular dysfunction. N Engl J Med. 2001 May
3;344(18):1351-7.

Yancy C. Heart failure in African Americans: pathophysiology and
treatment*1. J Card Fail. 2003 Oct;9(5):S210-5.

Cowie MR, Mosterdft A, Wood D a, Deckers JW, Sutton GC, Grobbeef DE.
The epidemiology of heart failure. Eur Heart J. 1997;18:208-25.

Tibazarwa KB, Damasceno A a. Hypertension in developing countries. Can J
Cardiol. Canadian Cardiovascular Society; 2014;30(5):527-33.

Ojji D, Stewart S, Ajayi S, Manmak M, Sliwa K. A predominance of
hypertensive heart failure in the Abuja Heart Study cohort of urban Nigerians :
a prospective clinical registry of 1515 de novo cases. Eur J Heart Fail.
2013;(15):835-42.

Mayosi BM. Contemporary trends in the epidemiology and management of
cardiomyopathy and pericarditis in sub-Saharan Africa. Heart.
2007;93(10):1176-83.

23



47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Sliwa K, Damasceno A, Mayosi BM. Epidemiology and Etiology of
Cardiomyopathy in Africa. Circulation. 2005;112:3577-83.

Felker GM, Thompson RE, Hare JM, Hruban RH, Clemetson DE, Howard
DL, et al. Underlying causes and long-term survival in patients with initially
unexplained cardiomyopathy. N Engl J Med. 2000;342(15):1077-84.

Maharaj B, Hammond MG. HLA-A, B, DR, and DQ antigens in black patients
with idiopathic dilated cardiomyopathy. Am J Cardiol. 1990 Jun
;65(20):1402-3.

Moolman-Smook JC, Mayosi BM, Brink P a, Corfield V a. Molecular
genetics of cardiomyopathy: changing times, shifting paradigms. Cardiovasc J
S Afr. 2003;14(3):145-55.

Ntusi NB a, Wonkam A, Shaboodien G, Badri M, Mayosi BM. Frequency and
clinical genetics of familial dilated cardiomyopathy in Cape Town:
Implications for the evaluation of patients with unexplained cardiomyopathy.
South African Med J. 2011;101(6):394-8.

Sliwa K, Fett J, Elkayam U. Peripartum cardiomyopathy. Lancet. 2006. p.
687-93.

Abboud J, Murad Y, Chen-Scarabelli C, Saravolatz L, Scarabelli TM.
Peripartum cardiomyopathy: A comprehensive review. International Journal
of Cardiology. 2007. p. 295-303.

Tibazarwa K, Sliwa K, Wonkam A, Stevens J, Boulle A, Mayosi B. Familial
aggregation of dilated cardiomyopathy in patients with peripartum
cardiomyopathy. Circulation. 2012;125(19):E770-E770.

van Hoeven KH, Kitsis RN, Katz SD, Factor SM. Peripartum versus
idiopathic dilated cardiomyopathy in young women — a comparison of
clinical, pathologic and prognostic features. International Journal of
Cardiology. 1993. p. 57-65.

Freers J, Mayanja-Kizza H, Ziegler JL, Rutakingirwa M. Echocardiographic
diagnosis of heart disease in Uganda. TropDoct. 1996;26(0049-4755 (Print)
LA - eng PT - Journal Article SB - IM):125-8.

Zuhlke LJ, Engel ME, Watkins D, Mayosi BM. Incidence, prevalence and

24



58.

59.

60.

61.

62.

63.

64.

65.

66.

outcome of rheumatic heart disease in South Africa: A systematic review of
contemporary studies. Int J Cardiol .Elsevier Ireland Ltd; 2015 Jul 2;199:375-
83.

Engel ME, Haileamlak a., Zuhlke L, Lemmer CE, Nkepu S, van de Wall M,
et al. Prevalence of rheumatic heart disease in 4720 asymptomatic scholars
from South Africa and Ethiopia. Heart. 2015;1-6.

Magula NP, Mayosi BM. Cardiac involvement in HIV-infected people living
in Africa: a review. Cardiovasc J South Africa. 2003;14(5):231-7.

Prendergast BD. HIV and cardiovascular medicine. Heart. 2003;89(7):793—
800.

Ntsekhe M, Wiysonge CS, Gumedze F, Maartens G, Commerford PJ,
Volmink J a, et al. HIV infection is associated with a lower incidence of
constriction in presumed tuberculous pericarditis: a prospective observational
study. PLoS One. 2008 Jan;3(6):e2253.

Shaboodien G, Maske C, Wainwright H, Smuts H, Ntsekhe M, Commerford
PJ, et al. Prevalence of myocarditis and cardiotropic virus infection in
Africans with HIV-associated cardiomyopathy, idiopathic dilated
cardiomyopathy and heart transplant recipients: a pilot study: cardiovascular
topic. Cardiovasc J Afr. 2013;24(6):218-23.

Mayosi BM, Burgess LJ, Doubell AF. Tuberculous pericarditis. Circulation.
2005;112(23):3608-16.

Mayosi BM, Wiysonge CS, Ntsekhe M, Gumedze F, Volmink JA, Maartens
G, et al. Mortality in patients treated for tuberculous pericarditis in sub-
Saharan Africa. South African Med J. 2008;98(1):36-40.

Stewart S, Mocumbi AO, Carrington MJ, Pretorius S, Burton R, Sliwa K. A
not-so-rare form of heart failure in urban black Africans: Pathways to right
heart failure in the Heart of Soweto Study cohort. Eur J Heart Fail.
2011;13(10):1070-7.

Buist AS, McBurnie MA, Vollmer WM, Gillespie S, Burney P, Mannino DM,
et al. International variation in the prevalence of COPD (the BOLD Study): a
population-based prevalence study. Lancet (London, England). Elsevier Ltd;

25



67.

68.

69.

70.

71.

72,

73.

74.

75.

2007 Sep 1;370(9589):741-50.

Dalal S, Beunza JJ, Volmink J, Adebamowo C, Bajunirwe F, Njelekela M, et
al. Non-communicable diseases in sub-Saharan Africa: what we know now.
Int J Epidemiol. 2011 Aug;40(4):885-901.

Marik PE, Flemmer M. Narrative Review: The Management of Acute
Decompensated Heart Failure. J Intensive Care Med. 2012;27(6):343-53.

McMurray JJ V, Adamopoulos S, Anker SD, Auricchio A, Bohm M,
Dickstein K, et al. ESC Guidelines for the diagnosis and treatment of acute
and chronic heart failure 2012: The Task Force for the Diagnosis and
Treatment of Acute and Chronic Heart Failure 2012 of the European Society
of Cardiology. Developed in collaboration with the Heart. Rev Port Cardiol.
2013;32(7-8):e1-641 — e61.

Yancy CW, Jessup M, Bozkurt B, Butler J, Casey DE, Drazner MH, et al.
2013 ACCF/AHA guideline for the management of heart failure: A report of
the american college of cardiology foundation/american heart association task
force on practice guidelines. Circulation. 2013;128(16):240-327.

Mpe MT, Chb MB, Klug EQ, Bch MB, Sliwa KS, Hitzeroth J. GUIDELINE
Heart Failure Society of South Africa ( HeFSSA ) perspective on the
European Society of Cardiology ( ESC ) 2012 chronic heart failure guideline.
South African Med J. 2013;103(9):661-7.

Cleland JGF, Cohen-Solal a, Aguilar JC, Dietz R, Eastaugh J, Follath F, et al.
Management of heart failure in primary care (the IMPROVEMENT of Heart
Failure Programme): an international survey. Lancet. 2002;360(9346):1631-9.

Komajda M. The EuroHeart Failure Survey programme—a survey on the
quality of care among patients with heart failure in Europe Part 2: treatment.
Eur Heart J. 2003 Mar;24(5):464—74.

Ruf V, Stewart S, Pretorius S, Kubheka M, Lautenschlager C, Presek P, et al.
Medication adherence, self-care behaviour and knowledge on heart failure in
urban South Africa: the Heart of Soweto study. Cardiovasc J Afr.
2010;21(2):86-92.

Taylor AL, Ziesche S, Yancy C, Carson P, D’Agostino R Jr, Ferdinand K,

26



76.

77.

78.

79.

80.

81.

82.

83.

Taylor M, Adams K, Sabolinski M, Worcel M CJA-AHFTI. Combination of
Isosorbide Dinitrate and Hydralazine in Blacks with Heart Failure. New
England Journal of Medicine. 2004. p. 2049-57.

Cohn JN, Archibald DG, Ziesche S, Franciosa JA, Harston WE, Tristani FE,
et al. Effect of vasodilator therapy on mortality in chronic congestive heart
failure. Results of a Veterans Administration Cooperative Study. The New
England journal of medicine. 1986.

Cohn JN, Johnson G, Ziesche S, Cobb F, Francis G, Tristani F, et al. A
comparison of enalapril with hydralazine-isosorbide dinitrate in the treatment
of chronic congestive heart failure. The New England journal of medicine.
1991.

Mayosi BM, Ntsekhe M, Bosch J, Pandie S, Jung H, Gumedze F, et al.
Prednisolone and Mycobacterium indicus pranii in tuberculous pericarditis. N
Engl J Med. 2014 Sep 18;371(12):1121-30.

Van Der Wal MHL, Jaarsma T, Van Veldhuisen DJ. Non-compliance in
patients with heart failure; How can we manage it? Eur J Heart Fail.
2005;7(1):5-17.

Stewart S, Horowitz JD. Detecting early clinical deterioration in chronic heart
failure patients post-acute hospitalisation - A critical component of
multidisciplinary, home-based intervention? Eur J Heart Fail. 2002;4(3):345-
51.

Roccaforte R, Demers C, Baldassarre F, Teo KK, Yusuf S. Effectiveness of
comprehensive disease management programmes in improving clinical
outcomes in heart failure patients. A meta-analysis. Eur J Hear Fail J Work
Gr Hear Fail Eur Soc Cardiol. 2005;7(7):1133-44.

McAlister F a., Stewart S, Ferrua S, McMurray JJJ V. Multidisciplinary
strategies for the management of heart failure patients at high risk for
admission: A systematic review of randomized trials. J Am Coll Cardiol.
2004;44(4):810-9.

Perna ER, Barbagelata A, Grinfeld L, Garcia Ben M, Cimbaro Canella JP,
Bayol P a, et al. Overview of acute decompensated heart failure in Argentina:
lessons learned from 5 registries during the last decade. Am Heart J. 2006

27



84.

85.

86.

87.

88.

89.

90.

91.

Jan;151(1):84-91.

Choi D-J, Han S, Jeon E-S, Cho M-C, Kim J-J, Yoo B-S, et al. Characteristics,
outcomes and predictors of long-term mortality for patients hospitalized for
acute heart failure: a report from the korean heart failure registry. Korean Circ
J. 2011 Jul;:41(7):363-71.

Ho KK, Pinsky JL, Kannel WB, Levy D. The epidemiology of heart failure:
the Framingham Study. J Am Coll Cardiol. 1993;22(4 Suppl A):6A — 13A.

Nieminen MS, Harjola V-P. Definition and epidemiology of acute heart
failure syndromes. Am J Cardiol. 2005 Sep 19;96(6A):5G — 10G.

Sliwa K, Wilkinson D, Hansen C, Ntyintyane L, Tibazarwa K, Becker A, 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;371:915—
22.

Ogah OS, Stewart S, Falase AO, Akinyemi JO, Adegbite GD, Alabi A a, et al.
Predictors of rehospitalization in patients admitted with heart failure in
abeokuta, Nigeria: data from the abeokuta heart failure registry. J Card Fail.
Elsevier Inc; 2014 Nov;20(11):833-40.

Fonarow GC, Corday E. Overview of acutely decompensated congestive heart
failure (ADHF): a report from the ADHERE registry. Heart Fail Rev. 2004
Jul;9(3):179-85.

Muna WF. Cardiovascular disorders in Africa. World Health Stat Q.
1993;46(2):125-33.

Commerford P, Mayosi B. An appropriate research agenda for heart disease in
Africa. Lancet . 2006;367(9526):1884-6.

28



Journal ready manuscript

Clinical Characteristics, Causes, Adherence to Heart Failure Treatment
Guidelines and Mortality of Patients with Acute Heart Failure: the Groote
Schuur Hospital Experience

Patryk Z Szymanski, MBChB;! Motasim Badri, PhD;? Bongani M Mayosi, MBChB,
DPhil

1. Department of Medicine, Groote Schuur Hospital and University of Cape Town,
Cape Town, South Africa.

2. Department of Medicine, The Cardiac Clinic, Groote Schuur Hospital and
University of Cape Town, Cape Town, South Africa.

Correspondence:

Dr Patryk Z Szymanski
Department of Medicine

J Floor Old Groote Schuur Hospital
Groote Schuur Drive
Observatory 7925

Cape Town

South Africa

Email: dr.patryk@gmail.com
Tel: +27 21 406 6200

Fax: +27 21 448 6815

29



Abstract
Background

There is limited information on acute heart failure (AHF) and the treatment thereof in
sub-Saharan Africa. Therefore, the aim of this study was to describe the clinical
characteristics, causes, adherence to heart failure (HF) treatment guidelines and
mortality of patients presenting to Groote Schuur Hospital with acute heart failure
(AHF).

Methods

This is a sub-study of The Sub-Saharan Africa Survey of Heart Failure (THESUS-
HF). This sub-study is a prospective and observational survey that focused on the
enrolment and follow-up of additional patients with AHF presenting to Groote Schuur
Hospital entered into the existing registry, following the publication of the primary
paper of THESUS-HF in 2012. The patients were classified into prevalent (or existing)

or incident (or new) cases of heart failure.
Results

Of the 119 patients included, 69 (58%) were female and the mean (SD) age was 49.9
(16.3) years. Prevalent cases were mostly of mixed ancestry (63.3%) with more
hypertension (70%), diabetes mellitus (36.7%), hyperlipidaemia (33.3%) and
ischaemic heart disease (36.7%) than incident cases. The main causes of heart failure
were cardiomyopathy (20.2%), ischaemic heart disease (IHD) (19.3%) and rheumatic
valvular heart disease (RHD) (18.5%). Most patients received renin-angiotensin
system blockers and loop diuretics on discharge. There was a low rate of B-blocker,
aldosterone antagonist and digoxin use. Rehospitalisation at 180 days occurred in
25.2%. In-hospital mortality was 8.4 % and the case fatality rate at six months was
26.1%.

Conclusion

In Cape Town the main causes of AHF are cardiomyopathy, IHD and RHD. AHF
affects a young population and is associated with a high rate of rehospitalisation and
mortality. There is a serious under-use of B-blockers, aldosterone antagonists and
digoxin. An emphasis on the rigorous application of treatment guidelines is needed

in order to reduce re-admission and mortality.
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Introduction

Heart failure (HF) is a worldwide phenomenon that affects millions of people yearly
and carries a high mortality. In the US, 5.8 million people are affected by HF and
worldwide >23 million people are thought to be affected.? The past three decades
have seen a rise in the research on HF. Large multicentre studies from USA (e.g.,
ADHERE) and Europe (e.g., EHFS I1) have provided a greater insight into the
aetiology, treatment and outcomes of patients with HF in the developed world.!*4

Observational studies from sub-Saharan Africa (SSA) show that hypertension,
rheumatic valvular heart disease and idiopathic cardiomyopathies are the main causes
of HF affecting a young population.>™ This epidemiological pattern is strikingly
different from that of the developed world where a much older population suffer from
HF, with ischaemic heart disease (IHD) the primary cause.2*! Despite these
differences, the epidemiological transition is resulting in the rise of diabetes mellitus
(DM), hypertension and IHD in sSA.["® In 2008 communicable, maternal, perinatal
and nutritional conditions accounted for the majority of deaths in South Africa.
However, cardiovascular disease was the main cause of death amongst non-

communicable diseases.™

There is limited information on the use of evidence-based interventions and outcome
of HF in Africa. Contemporary epidemiological, aetiological and treatment
information is needed in order to develop appropriate health policies for the diagnosis,

management, prevention and control of HF in Africa. ***2

This study aimed to explore the treatment practices of doctors and outcomes of patients
with congestive or acute heart failure (AHF) at Groote Schuur Hospital, a tertiary level
academic institution in Cape Town, South Africa that serves as a referral hospital for
5 million people. Furthermore, the clinical features and causes of heart failure were
explored.

Methods
Study design and clinical setting

This is a sub-study of The Sub-Saharan Africa Survey of Heart Failure (THESUS-
HF), a prospective, multicentre, observational survey of patients with AHF admitted
to 12 university hospitals in 9 countries.!! The sub-study that is reported here is based
on the enrolment of additional patients with AHF followed up in the existing
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THESUS-HF registry presenting to Groote Schuur Hospital. Patients with AHF
(incident (i.e., de novo) or prevalent (i.e., decompensation of previously diagnosed
heart failure)) were added to the registry following the publication of the primary paper
of THESUS-HF in 2012.

Inclusion and exclusion criteria

The inclusion and exclusion criteria are the same as the criteria published in the
THESUS-HF study. Briefly, patients older than 12 years with the diagnosis of AHF
based on clinical evaluation and confirmed by echocardiography were enrolled. The
exclusion criteria were acute ST-elevation myocardial infarction, known severe renal
failure (patients undergoing dialysis or creatinine >350 umol/L), nephrotic syndrome,

hepatic failure or other causes of hypoalbuminaemia.
Case definition and data collection

The diagnosis of HF was based on finding the clinical syndrome of effort intolerance
(i.e., shortness of breath, dyspnoea, and / or fatigue) associated with features of fluid
retention (i.e., peripheral oedema, orthopnoea, paroxysmal nocturnal dyspnoea, raised
jugular venous pressure, pulmonary oedema, and / or tender hepatomegaly) in the
presence of clinical signs of cardiac dysfunction (i.e., low blood pressure, displaced
apex, presence of third heart sound). The presence of cardiac dysfunction was
confirmed by echocardiography performed by a trained echocardiographer. The cause
of HF was based on information obtained from the history, physical examination,
echocardiography, and special aetiological investigations interpreted by the admitting
team on the index admission. Where no cause for HF was stated the research team
determined the aetiology from the given data.

For this study, consecutive patients that were enrolled into the Groote Schuur Hospital
THESUS-HF registry from 1 June 2012 to 31 May 2014 (24 months) with more than
90% completed data were selected. The THESUS-HF registry holds the basic clinical
information as determined by the clinical history and previous medical records, along
with an echocardiogram report confirming the diagnosis of HF. Furthermore, patients
were followed up for 180 days to document their clinical outcomes of rehospitalisation
and death. Their baseline demographic and clinical information, echocardiographic
findings, treatment and clinical outcomes were entered onto a data capture sheet by

the research nurse and echocardiographer. Outstanding demographic, clinical,

32



treatment and outcomes data were collected through folder review, pharmacy records
and telephonic consultations with the study participants. All completed data capture
sheets were entered into the THESUS-HF database.

Statistical analysis

Data were analysed using the Statistical Package for Social Sciences (SPSS) and
ROOT.™ Normally distributed continuous data are presented as the mean with
standard deviation, and non-Gaussian distributed variables as the median plus range.
Categorical data are presented as percentages. Case fatality rate was calculated at
discharge and at six months of follow-up.

Ethics

The University of Cape Town Human Research Ethics Committee granted ethics
approval for this study (Ethics number: REC REF: 579/2014). All patients entered into
the THESUS-HF registry gave written informed consent.

Results
Baseline patient characteristics on admission

One hundred and twenty patients were enrolled in the THESUS-HF registry at Groote
Schuur Hospital between 1 June 2012 and 31 May 2014. One patient was excluded
due to missing clinical details. Table 1 shows the baseline clinical characteristics for
the total cohort (119 patients) and compares the incident cases (first presentations)
with the prevalent cases (recurrent presentations). The mean (SD) age of the cohort
was 49.9 (16.3) years. Sixty-nine (58%) patients were female and the predominant
population groups were black African (n=59 [49.6%]) and mixed ancestry (n=54
[45.4%]).

The prevalent cases were more likely to be people of mixed ancestry with more
hypertension, DM, hyperlipidaemia, IHD, pericardial disease, cardiomyopathy and a
higher New York Heart Association (NYHA) functional class than incident cases.
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Table 1. Baseline Clinical Characteristics of 119 Patients with Acute Heart Failure at Groote Schuur

Hospital
Characteristics All cases Incident cases Prevalent cases P value
(N=119) (N=89) (N=30)

Age,y

Mean (SD) 49.9 (16.3) 48.6 (16.2) 53.7 (16.4) 143
Sex, No. (%) .349

Female 69 (58.0) 53 (59.6) 16 (53.3)

Male 50 (42.0) 36 (40.4) 14 (46.7)
Race, No. (%) .005

African 59 (49.6) 51 (57.3) 8(26.7)

Caucasian 4(3.4) 3(3.4) 1(3.3)

Mixed ancestry 54 (45.4) 35(39.3) 19 (63.3)

Asian 2(1.7) 0(0) 2(6.7)
No. of AHF admissions in last 12 Not
months, No. (%) applicable

0 89 (74.8) 89 (100)

1 22 (18.5) 22 (73.3)

2 4(3.4) 4(13.3)

3 4(3.4) 4(13.3)
Hypertension, No. (%) 58 (48.7) 37 (41.6) 21 (70.0) .006
Diabetes mellitus, No. (%) 26 (21.8) 15 (16.9) 11 (36.7) .025
Smoking, No. (%) 46 (38.7) 31 (34.8) 15 (50) 105
Hyperlipidaemia, No. (%) 13 (10.9) 3(3.4) 10 (33.3) <.001
Ischaemic heart disease, No. (%) 17 (14.3) 6 (6.7) 11 (36.7) <.001
Atrial fibrillation, No. (%) 6 (5.0) 5 (5.6) 1(3.3) 526
Stroke, No. (%) 5(4.2) 3(3.4) 2(6.7) 372
Pericardial disease, No. (%) 3(2.5) 0(0) 3 (10) .015
Valvular heart disease, No (%) 12 (10.1) 10 (11.2) 2(6.7) 374
Cardiomyopathy, No. (%) 11 (9.2) 4 (4.5) 7(23.3) .005
Cor Pulmonale, No. (%) 7 (5.9) 3(3.4) 4(13.3) .066
HIV, No. (%) 14 (11.8) 10 (11.2) 4(13.3) 490
PVD, No. (%) 2(1.7) 2(2.2) 0(0) 558
NYHA, No. (%) <.001

[ 23 (23.7) 23 (34.3) 0(0)

I 20 (20.6) 17 (25.4) 3(10)

I 44 (45.4) 24 (35.8) 20 (66.7)

\Y; 10 (10.3) 3(4.5) 7(23.3)
Body mass index

Mean (SD) 27.4(9.8) 27.6 (10.5) 26.7 (7.6) 680
Systolic blood pressure, mm Hg

Mean (SD) 134.6 (33.2) 137.4 (32.9) 126.3 (33.3) 115
Diastolic blood pressure, mm Hg

Mean (SD) 81.9 (22.5) 82.4 (23.3) 80.5 (20.1) 688
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Heart rate, bpm

Mean (SD) 102.5 (22.7) 102.7 (24.3) 101.9 (17.3) 865
Respiratory rate, BPM

Mean (SD) 22.8 (5.3) 23.0 (5.7) 22.0 (3.5) 370
Oedema, No. (%) 762

0 37 (31.1) 27 (30.3) 10 (33.3)

1+ 1(0.8) 1(1.1) 0(0)

2+ 21 (17.6) 17 (19.1) 4(13.3)

3+ 60 (50.4) 44 (49.4) 16 (53.3)
Pulmonary oedema, No. (%) .038

0 46 (38.7) 33 (37.1) 13 (43.3)

1 4(3.4) 2(2.2) 2(6.7)

2 28 (23.5) 26 (29.2) 2(6.7)

3 41 (34.5) 28 (31.5) 13 (43.3)
LVEF, %

Mean (SD) 34.1(16.9) 35.9 (17.4) 28.2 (14.0) .085
Creatinine, umol/dL

Mean (SD) 109.7 (75.4) 110.2 (83.9) 108.4 (43.5) 912
Urea, mmol/L

Mean (SD) 10.2 (7.5) 9.7(7.2) 11.6 (8.3) 250
Sodium

Mean (SD) 136.9 (6.3) 137.0 (6.6) 136.9 (5.7) 943
Haemoglobin, g/dL

Mean (SD) 12.3 (2.6) 12.1 (2.7) 12.7 (2.4) 329
White cell count, No./uL

Mean (SD) 9.7 (4.5) 9.8 (4.5) 9.2 (4.5) 482

Abbreviations: AHF, acute heart failure; HIV, human immunodeficiency virus; LVEF, left ventricular ejection
fraction; NYHA, New York Heart Association class; PVD, peripheral vascular disease

Oedema:

0: Complete absence of skin indentation with mild digital pressure in all dependent areas

1+: Indentation of skin that resolves over 10-15 seconds

2+: Indentation of skin is easily created with limited pressure and disappears slowly (15-30 seconds or more)

3+: Large areas of indentation easily produced and slow to resolve (> 30 seconds)

Pulmonary oedema:

0: No rales heard after clearing cough

1: Moist or dry rales heard in lower 5 of one or both lung fields that persist after cough
2: Moist or dry rales heard throughout the lower half to % of one or both lungs

3: Moist or dry rales heard throughout both lung fields

Causes of heart failure

The main causes of HF were cardiomyopathy (n=24 [20.2%]), IHD (n=23 [19.3%)])
and valvular heart disease (n=22 [18.5%]). Hypertension accounted for 10.1% (n=12)
of the cohort. Due to the small sample size, cardiomyopathy represents the cumulative
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causes of cardiomyopathy, and includes PPCM, idiopathic DCM and HIV
cardiomyopathy. Figure 1 shows the causes of heart failure including other causes.
The other causes included toxins, arrhythmias, and Grave’s disease.
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Figure 1 Causes of heart failure

Therapies for heart failure: Admission and discharge/day 7 admission

Intravenous loop (IV) diuretics were the most commonly used IV therapy on
admission (n=94 [79%]), while renin-angiotensin system blockers were the most
commonly used oral treatment (n=70 [59.3%]). Mechanical ventilation and
dobutamine were used in only 0.9% (n=1) and 1.7% (n=2) of cases respectively.
Renin-angiotensin system blockers (73.0% [n=81]), loop diuretics (74.6% [n=82]) and
B-blockers (42.7% [n=47]) were most commonly issued on discharge. On discharge
only 26.1% (n=15) received aldosterone antagonists and 15.5% (n=17) digoxin. IV
dopamine, IV digoxin and oral hydralazine were never prescribed. Table 3 shows the

IV and oral therapies used in incident and prevalent cases.
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Table 3. Prescribed Medication on Admission and Discharge or Day 7 Admission

Treatment All Cases Incident Cases Prevalent Cases
Admission | Discharge/ | Admission Discharge/ | Admission Discharge/
(No/%) D7 (No/%) (No/%) D7 (No/%) (No/%) D7 (No/%)
Nitrates (IV) 4 (3.5) 0(0.0) 3(3.5) 0(0.0) 1(3.3) 0(0.0)
Furosemide (1V) 94 (79.0) 20 (18.0) 71 (79.8) 13 (15.9) 23 (76.7) 7(24.1)
Dobutamine 2(1.7) 0(0.0) 2(2.4) 0(0.0) 0 (0.0 0(0.0)
Mechanical 1(0.9) 0 (0.0) 0 (0.0) 0(0.0) 1(3.3) 0(0.0)
ventilation ' ' ' ' ' '
ACE 70 (59.3 81(73.0 48 (54.5 57 (69.5 22(73.3 24 (82.8
inhibitor/ARB (59.3) (73.0) (54.5) (69.5) (73.3) (828)
Loop diuretics 24 (20.7) 82 (74.6) 17 (19.8) 60 (74.1) 7(23.3) 22 (75.9)
Beta blockers 21(18.3) 47 (42.7) 13 (15.3) 32(39.5) 8(26.7) 15 (51.7)
Digoxin 15 (13.2) 17 (15.5) 9 (10.6) 12 (14.8) 6 (20.7) 5(17.2)
Nitrates 4 (3.5) 9(8.2) 3(3.5) 4(4.9) 1(3.3) 5(17.2)
Aldosterone 15(12.9) | 29 (26.1) 9 (10.5) 19 (23.2) 6 (20.0) 10 (34.5)
antagonists ' ' ' ' ' '
Simvastatin 36 (30.8) 36 (32.4) 21(24.1) 21 (25.6) 15 (50.0) 15 (51.7)
Aspirin 30 (25.6) 32(28.8) 19 (21.8) 19 (23.2) 11 (36.7) 13 (44.8)
All
anticoagulation 45 (38.5) 32(28.8) 32(36.8) 26 (31.7) 13 (43.3) 6 (20.7)

Anticoagulation: warfarin, heparin, enoxaparin

Length of stay, rehospitalisation, and case fatality rate

The mean length of stay in hospital for all cases was 9.2 days (SD=12.2) with a median

of 6 days (range: 1-109 days). Rehospitalisation at 180 days occurred in 25.2% (n=30)

of the total cohort. Twelve patients (10.1%) were lost to follow-up. The reasons for

this included no reply to telephonic calls (n=11) and one patient left for another

province. The rate of death during hospital admission was 8.4 % (10 of 119 patients)

and case fatality rate at six months was 26.1% (31 of 119 patients).
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Discussion

The main findings of this study include a relatively young population suffering from
HF, with prevalent cases more likely to have DM, HT, IHD and more advanced
disease. Furthermore, cardiomyopathy, IHD and rheumatic valvular heart disease
account for the majority of causes of HF. There is an under-use of B-blockers,
aldosterone antagonists and digoxin. Finally, there was high rehospitalisation and
mortality rates.

The mean age of patients with AHF is 49.9 years and 58% are female. These findings
are similar to what has been observed in other registries from sSA.2%314 This s
significant as it demonstrates that HF in Cape Town affects the bread-winner

generation, rather than the elderly as has been noted in the developed world.!**

Secondly there is a difference in the clinical characteristics between patients with new-
onset disease and those with a previous diagnosis of HF. The patients with prevalent
disease are mostly from the mixed ancestry community. This may be representative of
Cape Town’s population demographics where the mixed ancestry community
constitute the largest group in the Western Cape.[15] Furthermore those with prevalent
disease have more hypertension, DM, hyperlipidaemia and IHD. Finally, their baseline
NYHA functional class is higher possibly indicating a group of patients with more
advanced HF, which may reflect sub-optimal treatment of HF along with poor follow-
up and education regarding HF.

In sSA hypertension, RHD and the endemic cardiomyopathies account for the majority
of HF cases.! In this study, cardiomyopathy, IHD and rheumatic valvular heart
disease are the leading causes of AHF in Cape Town, accounting for 60% of cases
referred to tertiary care. Of interest is the high prevalence of IHD. Observational
studies from sSA state the incidence of IHD as a cause of HF to be between 0.4-
99%.1>013141 | this study 19.3% of patients were diagnosed with an ischaemic cause of
heart failure. One of the possible reasons for the disparity in observations may be due
to the effects of urbanisation. It has been shown in the literature that movement of
people from rural areas to urban centres results in a change in diet and lifestyle
predisposing to the development of IHD."8 Another reason may be the availability of

a specialist cardiology service to this study cohort, which may have allowed for better
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diagnostic tests (angiography and echocardiography) resulting in the increased
diagnosis of IHD. Hypertensive HF is less prevalent in this study than is described in
other studies from sSA. The reason for this is not clear, and requires further

investigation.

The rate of B-blocker use was low in this study, 42.7%, when compared with EHFS 11
(61%) but similar to rates of use observed in the Tanzania Heart Failure (TaHeF) study
(42%) and THESUS-HF (50%).15¢1 The low rate of B-blocker use may be due to the
severity of HF treated. In this cohort over half of the patients presented with NYHA
functional class of Il and IV combined. On discharge 26.1% of patients received
aldosterone antagonists and 15.5% received digoxin. This is considerably lower than
has been described in the rest of SSA, where aldosterone and digoxin are prescribed in
60-75% and 31-72% of cases respectively.®%*14 The side-effect profiles, potential
drug interactions and close monitoring of these therapies in a population group where
compliance to follow-up and access to specialist care is sub-optimal may explain their
limited use. Hydralazine use was low possibly because of its limited availability at
Groote Schuur Hospital, and also known low use by physicians in sub-Saharan
Africa.l®¥ In this study 28.8% of patients were discharged with aspirin. This is far less
than is described in THESUS-HF, where more than 50% of patients were discharged
on aspirin despite the low prevalence of ischaemic HF.L! This study shows a
population with a high prevalence of IHD. Whether the use of aspirin in this study is
in keeping with the prevalence of IHD as identified in this cohort, needs to be further
evaluated.

The mean length of stay was 9.2 days and is similar to the number of admission days
described in studies from developed nations and sSA."®! The six-month
readmission rate was 25.2%. The reasons for this high re-admission rate may be three
fold. Firstly, sub-optimal adherence to evidence based treatments may be resulting in
high re-admission rates. Gaps in the patients’ understanding of HF and importance of
treatment follow up and lifestyle adherence may be a further contributory factor. And
finally, hospital bed pressure may lead to premature discharge of HF patients. The in-
hospital and six month mortality rates were 8.4% and 26.1% respectively. This is
higher than is described in the rest of SSA. THESUS-HF, the largest multicentre study
on HF to date, reported an in-hospital mortality of 4.2% and a six month mortality of
17.8%.°! These high mortality rates may be due to the different aetiological pattern in
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Cape Town with a significant contribution of IHD, and a lower prevalence of
hypertension as the primary cause of AHF. There was also a low adherence to life
saving medications such as p-blockers and aldosterone inhibitors. These observations
stress the importance of adhering to evidence based treatment guidelines. Furthermore,
the management of HF is complex and requires a multidisciplinary approach
encompassing routine follow-up with patient education, optimisation of treatment and

social support.[*®

This study has a number of limitations. The sample size was small and may
underrepresent the causes of HF. A second limitation was that rehospitalisation to
other institutions may not have been documented in all cases. Furthermore, only
admission and discharge treatment practices are described in this study. It may be that
the use of aldosterone and B-blockers as well as other HF treatment may have increased
during ambulatory care in the community. There is also lack of data on HF survival
benefit drug dosages used. Finally, 10.1% of the patient cohort was lost to follow up
which may have contributed to an under-estimate of the case fatality rate in this study.

Conclusion

This study provides important insights into the demographics, causes, treatment and
outcomes of patients with AHF in Cape Town. It confirms observations noted in earlier
sSA HF studies showing that a young adult population is affected by HF.
Cardiomyopathy, IHD and rheumatic valvular heart disease account for 60% of cases
AHF. However, of concern is the high prevalence of IHD in this cohort, the highest
reported thus far in sSA. Furthermore, there is a serious under-use of B-blockers,
aldosterone antagonists and digoxin. The high re-admission rate and six month
mortality may be a reflection of the sub-optimal adherence to evidence based treatment
guidelines. There needs to be an emphasis on the rigorous application of treatment
guidelines in order to reduce re-admission and mortality associated with AHF in Cape

Town.
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01112007 _ Informed Consent THESUS-HF Version 1
| UNIVERSITY OF CAPE TOWN Duke Clinical Research Institute
FUN'VESIIMI TASEXAFASUNIVITSITEIT VAN CAAPSIAD DUKE UNIVERSITY MEDICAL CENTER

| THE SUb-Saharan Africa Survey of Heart Failure - THESUS-HF

in collaboration with the Departments of Medicine of GF Jooste Hospital and Groote Schuur Hospital

Tel/fax 021 690 1053 email: nschrued Wi \'2
Department of Medicine Principal investigator: Prof BM Mayosi

INFORMED CONSENT FORM AND STATEMENT

Dear Mr/Mrs./Ms ....... sssniii iesss R R

Explanation and purpose of the research:
You have been admitted to hospital with the diagnosis of heart failure. The information surrounding the characteristics,

causes, treatment and short term outcome of acute heart failure in Africa is largely unknown.

We are doing an observational study researching these aspects of acute heart failure in order to improve our knowledge
and future care of patients with acute heart failure.

We would like to know if you would like to participate in the study to help us improve our knowledge about the condition
of acute heart failure.

Procedure and duration:
The study will entail us asking you a few questions relating to your health and symptoms, examining you and doing a

specialized test on the heart called an echocardiogram (ECHQ) and recording all this information on a special case
report form. This echocardiogram uses sound waves to give us a picture and movie of the heart and will not be painful.

We will repeat the examination for the first two days after admission and on the 7™ day or day of discharge to review
your progress and to record this information. Wq would like to gather other relevant information from your file and record
this on the case report form.

We will not require any special blood tests or be testing any medicines at any time. We will not be taking over your
treatment from your admitting doctor whil= you are in hospital.

We would like to contact you in between une (1) months and one (1) year's time via telephone to enquire about your
progress. If you are re-admitted to hospital during this time we would like to access the information from your file relating
to your re-admission.

Possible risks:
The only risk to you is the breach of confidentiality by the investigators collecting the information. However we will not be

putting your name or contact information on the case report form and you will only be assigned a unique study patient
number.

Any publications of the information and study findings will not contain identifying data and only the study patient number
will be used. The contact information and identifying details for follow up will be safeguarded by the investigators to
reduce the risk of breach of confidentiality.

Possible benefits:
The benefit to you is getting a specializer: assessment and test of your heart (ECHO). If further specialized care for your

heart condition is required based on the accepted standard of practice, you will be referred to Groote Schuur Hospital for
further assessment and care.
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