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Acute heart failure in Africa: new causes, unchanged outcomes

More than 15 years ago, the original Sub-Saharan Africa
Survey of Heart Failure (THESUS-HF) provided one of
the first prospective, multinational descriptions of acute
heart failure in sub-Saharan Africa.* THESUS-HF found
that patients with acute heart failure in sub-Saharan
Africa were young, with near-equal incidence in men
and women, that incidence was driven overwhelmingly
by non-ischaemic disease, especially hypertensive and
rheumatic heart diseases, and that short-term prognosis
was poor.! The study reframed heart failure in Africa
as a distinct clinical entity rather than a footnote to
high-income cohorts.? Since then, much of the African
continent has urbanised rapidly, hypertension and
cardiometabolic disease have changed, and access to
therapy has widened unevenly? Whether the African
acute heart failure phenotype has moved with these
changes has largely remained a matter of inference.* In
The Lancet, Karen Sliwa and colleagues report THESUS-
HF I11,° the largest and most geographically ambitious
attempt yet to answer that question.

THESUS-HF 1l pragmatic, prospective,
observational cohort study in 50 hospitals across
17 African countries, coordinated by the Pan African
Society of Cardiology. Adults aged 18 years and older with
acute heart failure were enrolled during seven prespecified
24 h surveillance periods, with diagnosis anchored on
acute dyspnoea and congestion supported by mandatory
electrocardiography, chest radiography, and point-of-care
echocardiography.® 1578 patients were enrolled between
July 1, 2024, and July 31, 2025; the cohort was relatively
young (median age 56-0 years [IQR 40-0-69-0]), sex-
balanced (793 [50-5%] of 1570 patients were female),
and almost entirely of African descent (1533 [97-8%]
of 1567); just over half (784 [53-2%] of 1474) had a
reduced ejection fraction.> Hypertensive heart disease
(576 [36:5%] of 1578 patients), cardiomyopathy
(370 [23:4%]), and ischaemic heart disease (367 [23:3%])
accounted for most presentations.® In-hospital mortality
was 8-7% (95% Cl 7-3-10-2); all-cause mortality was 11-1%
(9-6-12-9) at 30 days and 20-6% (18-:4-23.0) at 180 days,
with a significant difference between aetiologies by
180 days (log-rank p=0-019).°

Viewed against the original registry, the findings from
THESUS-HF I tell a story of continuity and change. The
African acute heart failure phenotype endures: patients

was a

remain relatively young, the sexes are near-equally
affected, and de novo presentation predominates
(accounting for 1007 [64-2%] of 1568 presentations®),
still distinct from the older, ischaemia-dominated
cohorts of high-income settings. What has changed is the
aetiological balance: hypertensive heart disease decreased
from roughly 45% to 36-5%, whereas ischaemic heart
disease increased from 7.7% to 23-3%."** Rheumatic heart
disease, the second leading cause in the original THESUS-
HF study, is no longer identified as a dominant category.>
This is the pattern an epidemiological transition would
predict, set against three decades of increasing, poorly
controlled hypertension’ and, in the latest Global
Burden of Disease estimates, among the highest age-
standardised burdens of hypertensive heart disease of any
world region.®

The strengths of the THESUS-HF Il study are
considerable: scale, geographical breadth, a pragmatic
design suited to resource-limited settings, and the first
multicountry presentation-rate estimates for African
acute heart failure. A further strength is analytical
restraint. The authors are careful not to declare an
epidemiological transition to have been proven, noting
that ischaemic disease was assigned from clinical history,
electrocardiography, and troponin rather than systematic
angiography, which was available at only a minority of
centres. Some of the apparent three-fold increase in
ischaemic heart disease might therefore reflect better
recognition and wider troponin access rather than more
disease. The truly arresting signal needs no such hedging:
a relatively young cohort with a mean age in the mid-50s,
who are dying at rates approaching those of European
patients a decade or more older.® This contrast is the
Article’s central message.

The THESUS-HF Il study’s considerations and areas
for interpretation largely reflect the practical realities
of conducting multicentre research across diverse
African health systems, and the authors appropriately
acknowledge them. Sites were overwhelmingly tertiary
and public, limiting generalisability to primary and rural
care, and roughly 70% of sub-Saharan African countries
(32 of 48) were unrepresented; loss to follow-up
reached 33-7% by 180 days; and N-terminal pro-B-type
natriuretic peptide was measured in a minority of centres.
Additionally, the weekly acute heart failure presentation
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rate was 0-03 per 10000 people (95% Cl 0-02-0-05) and
is equated to an annual case-presentation rate of 1-72 per
10000 people (1-04-2-83).> However, this presentation
rate was derived from non-contiguous surveillance
periods, required echocardiography for inclusion, and was
at least ten-fold lower than rates reported in European
series. It should therefore be interpreted as an observed
rate at sentinel sites rather than as an estimate of
population incidence.”

Poor prognosis (middle-aged patients dying at the
rates of European patients a decade older) persists
despite a transformation in the therapeutic options for
heart failure. At discharge in THESUS-HF II,> 1053 (76-9%)
of 1369 patients received B blockers, 574 (42:3%) of
1358 patients received angiotensin-converting enzyme
inhibitors, 417 (30-8%) of 1356 received angiotensin
receptor blockers, 982 (71-9%) of 1366 received
mineralocorticoid receptor antagonists, and 743 (54-7%)
of 1359 received SGLT2 inhibitors, yet fewer than half
received target doses, and prescription was recorded
even where indications were absent’ Discharge
prescription should not be equated with effective
implementation: affordability, persistence, adherence,
titration, and continuity of care after discharge, often
paid out of pocket once patients leave a tertiary hospital,
were not captured comprehensively.™ The therapeutic
transition evident on the discharge prescription has yet
to translate into a clearly visible prognostic transition:
180-day mortality of 20-6% remains close to what
THESUS-HF reported 15 years ago, even as the drugs on
the chart have changed completely.
lies the
the insufficient diagnostic capacity and expertise
in many settings in Africa. Even at referral centres,
echocardiography, coronary imaging, and natriuretic
peptides were unevenly available, whereas electrocardio-
graphy was feasible at every site. In primary care,
the asymmetry is starker: echocardiography remains
confined to specialist centres and requires a trained
operator to acquire and interpret it on site, whereas
12-lead electrocardiogram (ECG) skills can be acquired
by non-specialist staff and, through tele-ECG networks,
interpreted  remotely, making it comparatively
widespread.” That patients present late, relatively
young, and often with reduced ejection fraction points
upstream to the silent, treatable phase of asymptomatic
left ventricular systolic dysfunction, which current

Herein field's most actionable lesson:

www.thelancet.com Vol 408 September 26,2026

pathways rarely detect. Deep-learning models have
been developed and validated retrospectively to detect
this signal from routine 12-lead ECGs, although the
evidence remains retrospective and hospital-based,
and prospective evaluation in African primary care has
yet to be done. Similar artificial intelligence (Al)-ECG
approaches are in development for diastolic dysfunction,
the precursor to heart failure with preserved ejection
fraction, although pooled accuracy remains moderate
and prevalence-dependent.* The validated value of
AI-ECGs lies not only in finding new cases but also in
identifying those most likely to benefit in settings where
confirmatory diagnostics tests are scarce.

There is a need for a reorientation of primary care
itself, historically built around maternal and child health,
towards non-communicable disease, with detection and
follow-up anchored in front-line units and supported by
telehealth and functioning referral and counter-referral
pathways, so that clinicians in remote areas can manage
these conditions. Models must be validated locally,
audited for fairness, and combined with affordable
treatment so that earlier detection becomes earlier,
sustainable therapy. THESUS-HF Il redraws the map of
acute heart failure in Africa and marks where research
and health care should be focused.
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Late-onset seizures as a sentinel of Alzheimer’s disease
progression in Down syndrome

Epilepsy is a common co-occurring condition in
older adults with Down syndrome and frequently
associated with the emergence
disease-related cognitive decline.* Likely to be under-
recognised and often untreated in the earlier stages,

of Alzheimer's

late-onset myoclonic epilepsy in Down syndrome
(LOMEDS) presents as myoclonic or tonic—clonic
seizures and can be both a manifestation of underlying
Alzheimer's disease pathology and an accelerator of
disease progression.? How seizure onset timing in
adults with Down syndrome relates to Alzheimer's
disease symptoms and progression remains unclear,
complicating interpretation of decline and clinical
management.

Addressing this critical gap, Lucia Maure-Blesa and
colleagues® report timely and compelling evidence
of a marked increase in first-time seizures following
Alzheimer’s disease diagnosis in individuals with
Down syndrome, linked to accelerated cognitive
decline and increased mortality. In this multicentre,
observational, longitudinal study across
international cohorts with harmonised assessments,
the authors included over 4800 adults with Down
syndrome aged 18 years and older (median age
44 years [IQR 32-54]) between 2012 and 2025, who
had at least one longitudinal clinical assessment (mean
overall follow-up 3-38 years [SD 3-11]). Alzheimer's
disease diagnosis was standardised across cohorts, and
staging was done by clinical consensus: 3237 (67-4%)
were asymptomatic, 269 (5-6%) had non-Alzheimer’s
disease cognitive decline, 321 (6-7%) had prodromal
Alzheimer's disease, and 975 (20-3%) had Alzheimer’s

seven

disease dementia. Most participants were White,
2305 (48%) were female, 2498 (52%) were male, and
intellectual disability was mild in 1201 (25%), moderate
in 2738 (57%), and severe in 912 (19%). Prevalence
of active epilepsy (defined by ongoing antiseizure
medication use and =1 seizure within 5 years) was
149-8 per 1000 overall but increased significantly
with age and Alzheimer's disease symptoms (from
39-4 per 1000 at age 18-24 years to 389-6 per
1000 at age =60 years). This increase in prevalence
was primarily driven by individuals with symptomatic
Alzheimer's disease and presented as classical
myoclonic or tonic—clonic seizures. These findings were
supported by a sharp rise in cumulative incidence of
epilepsy from 9:5% at time of ALzheimer's disease
dementia diagnosis to 56-9% after 9 years. Given
that LOMEDS was associated with increased mortality
(hazard ratio 2-10 [95% Cl 1.57-2-82]; p<0-0001)
and faster cognitive decline, and that individuals
who did not receive antiseizure medication after
their first myoclonic incident frequently progressed
to generalised tonic—clonic seizures, it is crucial to
identify those who are at risk of seizures early in the
Alzheimer’s disease continuum.

Clinical trials investigating whether treatment of
myoclonus delays or prevents subsequent tonic—clonic
seizures and the potential for antiseizure medications
to slow Alzheimer’s disease-related cognitive decline
are urgently needed. Moreover, there are currently no
recommendations regarding which specific antiseizure
medications should be used for LOMEDS, as reflected
by the wide range of antiepileptic drugs prescribed to
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Aetiology, management, and outcomes of acute heart
failure in 17 African countries (THESUS-HF Il): a prospective,
multicentre, observational cohort study

Karen Sliwa*, Julia Hahnle*, Simon Stewart, Shaazia Allie, Albertino Damasceno, Duard Smit, Neusa Jessen, Mahmood U Sani, George Nel,
Ntobeko B A Ntusi, Chris Edwards, Koji Takagi, Beth Davison, Gad Cotter, Charle Viljoen, on behalf of THESUS-HF Il investigatorst

Summary

Background Contemporary data on the aetiology, management, and outcomes of acute heart failure across Africa are
scarce. We aimed to conduct a contemporary assessment of acute heart failure aetiology, treatment patterns,
presentation rates, and 180-day outcomes across Africa.

Methods THESUS-HF II was a prospective, multicentre, observational cohort study in 50 hospitals across 17 African
countries. Adults aged 18 years or older with acute heart failure were enrolled during seven 24 h surveillance periods
within an 8-week, site-specific window. Acute heart failure was identified by acute dyspnoea and congestion, supported
by electrocardiography, chest radiography, and point-of-care echocardiography. We assessed presentation rates per
10000 people in the adult catchment population per week, treatment patterns (including medication use at discharge),
readmission, and all-cause mortality through to 180 days. This study was registered with the Pan African Clinical Trial
Registry (PACTR202410553810557) and is completed; however, substudies are ongoing.

Findings Between July 1, 2024, and July 31, 2025, 1741 patients were assessed for eligibility at participating hospitals
and 1578 were included in the study cohort. 793 (50-5%) of 1570 participants were female, 777 (49-5%) were male,
and 1533 (97-8%) of 1567 were of African descent; median age was 56-0 years (IQR 40-0-69-0). The weekly acute
heart failure presentation rate was 0-03 per 10000 people (95% CI 0-02-0-05) overall and 0-02 per 10000 people
(0-01-0-04) for de novo acute heart failure. De novo acute heart failure accounted for 1007 (64-2%) of
1568 presentations. The leading aetiologies were hypertensive heart disease (576 [36-5%)] of 1578), cardiomyopathy
(370 [23-4%)]), and ischaemic heart disease (367 [23-3%)]). Median hospital ward stay was 6-0 days (IQR 4-0-10-0),
and in-hospital mortality was 8-7% (95% CI 7-3-10-2; 134 of 1542 patients). At discharge, renin-angiotensin—
aldosterone system inhibitors were prescribed in 1014 (73-9%) of 1373 patients, 8 blockers in 1053 (76-9%) of
1369 patients, mineralocorticoid receptor antagonists in 982 (71-9%) of 1366, and SGLI2 inhibitors in 743 (54-7%) of
1359; target doses were reached in fewer than half of patients. Of 1567 patients included in time-to-event analyses,
528 (33-7%) were lost to follow-up before 180 days. All-cause mortality was 11-1% (95% CI 9-6-12-9; 160 deaths) at
30 days and 20-6% (18-4-23-0; 255 deaths) at 180 days. All-cause mortality did not differ across aetiological groups
over 30 days (log-rank p=0-39), but differed over 180 days (p=0-019).

Interpretation Compared with THESUS-HF, THESUS-HF II suggests an evolving aetiological profile of acute heart
failure in Africa, although differences in ascertainment and diagnostic capability might have contributed to the apparent
aetiological shift. High mortality in this relatively young cohort highlights the importance of heart failure prevention,
access to cardiac care, guideline-directed therapy, and post-discharge follow-up. These findings suggest that short-term
acute heart failure outcomes are not driven by its demographic, aetiological, and echocardiographic factors.

Funding Cape Heart Institute, University of Cape Town; Hippocrate Foundation; The Heart Initiative; and Pan African
Society of Cardiology.

Copyright © 2026 Elsevier Ltd. All rights reserved, including those for text and data mining, Al training, and similar
technologies.

Introduction
The Heart of Soweto Study' showed how dynamic

encompasses diverse geopolitical, socioeconomic, and
environmental settings that influence cardiovascular risk

socioeconomic factors and epidemiological transition
were associated with a changing spectrum of heart
disease in an wurban South African population.
Communicable and non-communicable pathways to
cardiovascular disease continue to coexist across Africa,
which is home to more than 1-5 billion people and

factors, disease presentation, and burden.”* Previous
African studies described heart failure in relatively young
patient populations (including a high proportion of
women), in whom non-ischaemic causes of heart failure,
such as idiopathic cardiomyopathy, rheumatic heart
disease, and hypertensive heart disease, were frequent.*®
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Research in context

Evidence before this study

We searched Cochrane Library, MEDLINE (PubMed), and
Embase for articles published between Jan 1, 2010, and

Jan 1, 2025, with the final search conducted on Jan 1, 2026. The
search was restricted to articles published in English and used
combinations of the terms “acute heart failure”, “de novo heart
failure”, “Africa”, “sub-Saharan Africa”, “epidemiology”,
“aetiology”, “management”, “treatment”, “outcomes”,
“mortality”, and “readmission”. We included observational
studies, registries, cohort studies, and other clinical studies
reporting the epidemiology, aetiology, clinical characteristics,
management, treatment, or outcomes of acute heart failure in
adult African populations. We excluded studies conducted
outside Africa, paediatric-only studies, studies limited to stable
chronic heart failure without a separately identifiable acute
heart failure population, case reports, editorials, commentaries,
and publications without relevant clinical data. We primarily
considered contemporary studies, while also including earlier
landmark publications identified through reference screening
when these were important to the historical context of acute
heart failure in Africa. The original THESUS-HF registry was the
principal multicountry study of acute heart failure in sub-
Saharan Africa. Conducted between 2007 and 2010 in

12 university hospitals across nine countries, it showed that
patients admitted with acute heart failure in Africa were
substantially younger than those in high-income settings, with
a near-equal distribution between men and women. Heart
failure was predominantly non-ischaemic, with hypertensive
heart disease and rheumatic heart disease as leading causes,
whereas ischaemic heart disease was uncommon. Despite this
distinct aetiological profile, short-term outcomes were poor,
with high mortality by 180 days. Since that study, many African
countries have experienced increasing urbanisation and a
growing burden of hypertension, diabetes, and obesity,
alongside wider but uneven access to contemporary heart
failure therapies. However, contemporary multicountry

In sub-Saharan Africa, hypertension, an antecedent of
heart failure, is highly prevalent among adults, and
elevated blood pressure is also common among
adolescents.”® Contemporary heart failure guidelines
recommend multiple evidence-based pharmacological
treatments.” However, although the clinical profile of
patients with heart failure varies by geography as well as
by age and sex," many established therapies for heart
failure management have been developed and tested
predominantly in high-income countries. African-
specific? and multinational®* studies are therefore
important to inform the application of these therapies
across diverse populations.

In this context, there is a need to establish whether
the clinical characteristics and therapeutic needs of
patients with heart failure in sub-Saharan Africa have
changed and whether contemporary guideline-directed

www.thelancet.com Vol 408 September 26,2026

evidence examining whether the aetiology, management, and
outcomes of acute heart failure in Africa have changed during
this period remain scarce.

Added value of this study

THESUS-HF II, comprising more than 1500 patients from

17 African countries, extends the existing evidence by providing
a contemporary assessment of the changing aetiological profile,
management, and outcomes of acute heart failure in Africa.
Hypertensive heart disease remained the leading contributor,
although its proportion was lower than in the original THESUS-
HF registry; the proportion attributed to ischaemic heart disease
was higher, and cardiomyopathy was also common. Patients
continue to present at a relatively young age, with near-equal
sex distribution and a high proportion of de novo heart failure.
The findings extend previous evidence by showing that
guideline-directed medical therapies were commonly prescribed
(although target doses were reached in fewer than half of
patients), access to advanced cardiac diagnostics and
interventions varied across participating hospitals, and 30-day
and 180-day mortality was high in this relatively young cohort.

Implications of all the available evidence

The available evidence suggests that acute heart failure in
Africa is compatible with an evolving epidemiological profile,
although differences in diagnostic ascertainment over time
mean that the extent of any true transition remains uncertain.
The findings support continued emphasis on heart failure
prevention, including detection and management of
hypertension, alongside improved access to appropriate
diagnostic services, guideline-directed medical therapy,
specialist cardiac care where indicated, and post-discharge
follow-up. Future research should move beyond broad
continental estimates towards regional and country-specific
analyses that can inform pragmatic, resource-sensitive
strategies to improve heart failure care and outcomes in Africa.

medical therapies are being used in this population.™**
The Sub-Saharan African Survey of Heart Failure
(THESUS-HF), conducted in 2008-10, was a
multicountry registry of people with acute heart failure
in Africa, providing important insights into the causes
and short-term outcomes of 1006 patients presenting to
12 cardiology centres across nine sub-Saharan African
countries.” Since THESUS-HF, there have been
few large multicentre studies to update its findings in
the context of the evolving burden of heart failure in
Africa.

To prospectively evaluate the clinical epidemiology of
acute heart failure and patterns of use of guideline-directed
medical therapy in Africa, we conducted THESUS-HF II
as a follow-up to the original THESUS-HF study.** We
also aimed to evaluate health outcomes up to 180 days after
presentation.
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Figure 1: Participating countries and hospital locations

Green shading shows countries with at least one participating hospital (Angola, Botswana, Cameroon, Democratic
Republic of the Congo, Ethiopia, Ghana, Mauritania, Mozambique, Namibia, Nigeria, Sdo Tomé and Principe,
South Africa, Sudan, Tanzania, Tunisia, Uganda, and Zambia). Plus signs (+) show locations of participating

hospitals.

1188

Methods
Study design and participants
THESUS-HF II was a prospective, multicentre,
observational cohort study carried out in 50 hospitals
located across diverse settings in 17 African countries
(Angola, Botswana, Cameroon, Democratic Republic of
the Congo, Ethiopia, Ghana, Mauritania, Mozambique,
Namibia, Nigeria, Sio Tomé and Principe, South Africa,
Sudan, Tanzania, Tunisia, Uganda, and Zambia; figure 1).
The rationale and design of THESUS-HF II have been
published previously.® The study design incorporated
a pragmatic approach to account for variation in
research and diagnostic capacity across the participating
settings.”” Each participating centre or referral hospital
was required to have the capacity to provide data on its
catchment population and undertake standardised
clinical profiling, including electrocardiography (ECG),
chest radiography, and point-of-care echocardiography.
The study comprised two components. First, an online
platform collected data on each hospital’s catchment
population, human resources, availability of specialised
cardiology services and diagnostic tools, and access to
essential heart failure treatments. Second, a prospective

observational study collected data on consecutive patients
aged 18 years and older with acute heart failure during
seven prespecified 24 h surveillance periods scheduled
within an 8-week, site-specific window between
July 1, 2024, and July 31, 2025. There were no specific
exclusion criteria, and sex data (male or female) were
recorded from medical records.

Clinical research teams at the participating sites
collected data during each 24 h surveillance period,
which were scheduled on different days of the week to
reduce potential day-of-week variation in case capture.
During these prespecified periods, patients with potential
acute heart failure were evaluated for inclusion if they
presented with typical acute dyspnoea and signs of
cardiac congestion (eg, peripheral oedema, raised jugular
venous pressure, or pulmonary crackles), with mandatory
ECG, and point-of-care echocardiography findings to
support the diagnosis of acute heart failure. Clinical
and point-of-care echocardiographic assessments were
performed by the physicians responsible for the
admission and management of patients at each
participating centre, reflecting routine clinical practice.
Chest x-rays and N-terminal pro-B-type natriuretic
peptide (NT-proBNP) concentrations were also recorded
when testing was performed as part of routine clinical
care.

De novo heart failure was defined as acute heart failure
occurring in a patient without a previous diagnosis of
heart failure. Previously diagnosed heart failure was
defined as a known diagnosis of heart failure before the
index presentation. Acute decompensation of chronic
heart failure was defined as an acute worsening of
symptoms and signs of heart failure in a patient with
previously diagnosed heart failure.’

On the basis of all available clinical evidence, site
investigators assigned heart failure aetiology according to
an expanded definition based on the European Society of
Cardiology heart failure guidelines.” Because coronary
angiography was not routinely available, classification of
ischaemic heart disease could include evidence of acute
or chronic coronary syndromes, ECG changes consistent
with myocardial ischaemia or previous infarction,
elevated troponin concentrations, previous percutaneous
coronary intervention or coronary artery bypass graft, and
regional wall-motion abnormalities on echocardiography.

This study was coordinated by the Pan-African Society
of Cardiology (PASCAR). Central ethical approval was
obtained from the University of Cape Town Faculty of
Health Sciences Human Research Ethics Committee
(HR897/2023), with additional approval from each
participating site. Participants provided written informed
consent according to local ethical requirements.
THESUS-HF II conformed to the Declaration of
Helsinki, Good Clinical Practice, and the GATHER
statement.” This study was registered with the Pan-
African Clinical Trial Registry (PACTR202410553810557)
and is completed; however, substudies are ongoing.
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Procedures

Each participating centre provided detailed information,
where available, on its local and catchment population,
health resources, human resources, treatment avail-
ability, specialist cardiology services, and diagnostic
facilities. These data were collected to inform estimates
of acute heart failure presentation rates and future
analyses of health-system capacity and constraints in
relation to heart failure management.

Standardised clinical, aetiological, treatment, and
outcome data were collected during hospital admission
and up to 180 days after discharge. These data were
recorded using an online electronic case report form
within a centralised, secure, password-protected
Research Electronic Data Capture system. Each
participant was assigned a unique study identification
number to protect confidentiality during data transfer.
The database is hosted at the Cape Heart Institute,
University of Cape Town, under the responsibility of the
principal investigator (KS). No formal site-level source-
data verification or independent data audit was
performed. Central data review included checks for
completeness and internal consistency, including
identification of implausible or inconsistent dates.
Discrepancies were queried where possible, and
unresolved inconsistencies were excluded from the
relevant analyses.

All participants were followed up from their index
presentation until hospital discharge, with data collected
on length of stay, ward or intensive care unit admission,
and survival status at discharge. Additionally, for those
who survived the index hospital admission, we collected
survival and hospital readmission status from 30 days to
6 months through a brief telephone survey whenever
possible. Post-discharge readmissions were ascertained
by site investigators at the respective hospitals and were
not independently verified. Post-discharge vital status
was assessed from information provided by the patient,
family or caregivers, or the treating physician. Reported
deaths were not independently adjudicated or verified
against a mortality registry. When follow-up attempts
were unsuccessful, participants were considered lost to
follow-up and censored at their last known date alive.

Statistical analysis

No formal power calculations were performed for this
pragmatic observational study. Continuous variables are
reported as mean (SD) or median (IQR). Categorical
variables are reported as frequencies and percentages.
Unless otherwise stated, percentages were calculated
using the number of patients with non-missing data for
that variable as the denominator, rather than the total
enrolled cohort. We compared emergency department
stay, intensive care unit length of stay, and ward length of
stay across aetiological groups. Comparisons of
continuous and ordered categorical variables across
aetiological groups were performed wusing the
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Kruskal-Wallis test. Categorical variables were compared
using the X2 test or Fisher’s exact test, as appropriate.
Acute heart failure presentation rates were estimated
using Poisson regression with a log link and expressed as
cases per 10000 population at risk per week, with
estimated annualised presentation rates based on each
centre’s adult catchment population. Because case counts
showed overdispersion relative to the Poisson assumption,
standard errors for the pooled overall and de novo
presentation rates were obtained using a generalised
estimating equations approach with an independent
working correlation structure, clustering by country,
yielding cluster-robust (sandwich) standard errors, from
which 95% CIs were derived using a normal
approximation. No adjustment was made for potential
seasonal variation in acute heart failure presentations.
Kaplan—-Meier methods were used for time to first
hospital readmission, time to all-cause mortality, and a
composite of time to first readmission or all-cause
mortality at 30 and 180 days, with corresponding 95% Cls.
Differences across aetiological groups were assessed
using the log-rank test. Kaplan—-Meier curves for all-cause
mortality through 180 days are also presented. Patients
lost to follow-up were censored at their last known date
alive. Medication use at discharge was assessed in
patients discharged alive and with discharge medication
data available, whereas time-to-event outcomes were
assessed in patients with internally consistent dates.
Patients with internally inconsistent dates that could not
be resolved with source data were excluded from these
analyses. Missing data were not imputed, and the
mechanism underlying missingness was not formally
tested. Additional sensitivity analyses were not performed.
All analyses were conducted using SAS version 9.4, and
two-sided p<0-05 was considered statistically significant.

Role of the funding source

THESUS-HF II was supported by unrestricted research
funds held by KS at the Cape Heart Institute, University
of Cape Town. The Cape Heart Institute had a role in
study design, data collection, data management,
statistical analysis, data interpretation, manuscript
preparation, and the decision to submit for publication,
and hosted the complete study database. The Hippocrate
Foundation provided partial salary support for the study
medical officer but had no role in study design, data
collection, data management, statistical analysis, data
interpretation, manuscript preparation, or the decision
to submit for publication. The Heart Initiative
reimbursed research ethics application fees for selected
African sites and contributed to some of the statistical
analyses under a data-sharing agreement, but had no
other role in the study. PASCAR provided logistical
support for study coordination but had no role in study
design, data collection, data management, statistical
analysis, data interpretation, manuscript preparation, or
the decision to submit for publication.
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1741 patients assessed for eligibility at
50 hospitals in 17 African countries

85 outside of prespecified surveillance period

g 78 with indeterminate heart failure aetiology

v

1578 included in primary study cohort

11 excluded from time-to-event 134 died in hospital
analyses due to internally 36 self-discharged (pharmacology
> inconsistent dates > not documented) or lost to
3 died in hospital follow-up
4 y
1567 included in the time-to-event 1408 included in discharge medication
analyses analyses

36 self-discharged or lost to
follow-up
—»{ 160 died by day 30
125 died in hospital
163 lost to follow-up by day 30

A

1208 alive at 30 days

95 died between day 30 and
day 180
P 6 died in hospital
329 lost to follow-up between
day 30 and day 180

4
784 alive at 180 days

Figure 2: Patient flow diagram
The time-to-event and discharge-medication cohorts represent parallel analysis pathways.

Results
Of the 50 participating centres, 46 (92%) were public
hospitals and 43 (86%) were tertiary care facilities. All
47 centres providing site-level data had laboratory services
capable of providing a basic metabolic profile (including
electrolytes and renal function) and full blood counts,
although availability of cardiac biomarkers and advanced
cardiac diagnostic and therapeutic services varied
See Online forappendix ~ substantially across centres (appendix p 5). Ten (21%) of
47 centres had a dedicated heart failure clinic, but none
offered heart transplantation.

During the surveillance periods, 1741 patients were
assessed for eligibility, of whom 1578 had clinically
confirmed acute heart failure and were included in the
study cohort. Details of the derivation of the study cohort
and the reasons for exclusion at each stage, including the
two parallel analysis pathways (discharge status and
time-to-event), are shown in figure 2. Median age was
56-0 years (IQR 40-0-69-0), 793 (50-5%) of
1570 participants were female, 777 (49-5%) were male,

1190

and 1533 (97-8%) of 1567 were of African descent
(table 1). Overall, 561 (35-8%) of 1568 participants had a
history of heart failure, whereas 1007 (64-2%) presented
with de novo heart failure. Hypertension, diabetes, and
dyslipidaemia were the most common modifiable risk
factors. At presentation, most patients were classified as
New York Heart Association (NYHA) class III or IV, and
306 (20-9%) of 1464 patients were in atrial fibrillation or
flutter.

Data availability varied by variable. Laboratory testing
was undertaken according to clinical judgment rather
than mandated uniformly by the study protocol, so
absence of a recorded laboratory result does not
necessarily indicate incomplete data collection. Most
demographic and clinical variables had less than 2%
missing data (eg, NYHA class 1-8%, smoking status
1-6%), whereas atrial fibrillation or flutter status was
missing in 7-2% of patients (appendix p 6). Missingness
for laboratory measurements ranged from 15-8% to
20-7% for sodium, potassium, urea, creatinine, and
haemoglobin. NT-proBNP had the highest missingness
of any variable at 73-4%, even after incorporating B-type
natriuretic peptide-converted values, consistent with
variable laboratory access across sites. Denominators for
each parameter are reported in the corresponding tables
and in the appendix (p 4).

The overall rate of acute heart failure presentation per
week was 0-03 per 10000 people (95% CI 0-02-0-05). If
this rate held constant, it would equate to an annual case-
presentation rate of 1-72 per 10000 people (1-04-2-83).
Among cases from centres with complete 7-day
surveillance data, 694 (67-0%) of 1036 were de novo
presentations. The corresponding pooled weekly
presentation rate for de novo acute heart failure was 0-02
per 10000 people (0-01-0-04), with an estimated
annualised presentation rate of 1-15 per 10000 people
(0-70-1-90).

Demographic characteristics differed across aetiological
groups, with patients with valvular or congenital heart
disease being the youngest (median age 41-0 years
[IQR 28-5-63-0]) and those with hypertensive heart
disease being the oldest (61-0 years [49-0-70-0]; table 1).
The proportion of female patients also varied across
aetiological groups, ranging from 155 (42:2%) of
367 patients with ischaemic heart disease to 94 (57-0%)
of 165 with valvular or congenital heart disease. Overall,
hypertensive heart disease (576 [36-5%] of 1578) was the
most commonly identified assigned aetiology, followed
by cardiomyopathy (370 [23-4%)] patients) and ischaemic
heart disease (367 [23-3%)] patients; table 1). Valvular
heart and congenital heart disease accounted for a further
168 (10-6%) of presentations, with pulmonary aetiologies
(including chronic obstructive pulmonary disease,
interstitial lung disease, pulmonary sarcoidosis, and
pulmonary arterial hypertension) and volume overload
syndromes (including chronic kidney and liver diseases)
accounting to the remainder.
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converted), pg/mL#

(140-0-7164-0)

(136:0-4561.0)

(518-8-7633-0)

(904-0-8017-0)

(1337-5-12000-0)

(1329-0-7150-0)

Overall (n=1578) Ischaemic heart Hypertensive heart  Valvular or Cardiomyopathy  Other (n=97) p value
disease (n=367) disease (n=576) congenital heart (n=370)
disease (n=168)
Demographics
Age, years 56-0 59.0 61.0 41.0 460 56-0 <0-0001
(40-0-69-0) (43-0-70-0) (49-0-70-0) (28:5-63-0) (31-0-63-0) (40-0-69-0)
Male 777/1570 (49-5%)  212/367 (57-8%) 286/574 (49-8%) 71/165 (43-0%) 162/367 (44-1%) 46/97 (47-4%) 0-0018
Female 793/1570 (50-5%)  155/367 (42-2%) 288/574 (50-2%) 94/165 (57-0%) 205/367 (55:9%) 51/97 (52-6%)
Ethnicity
African 1533/1567 (97-8%)  339/362 (93-6%) 570/574 (99:3%) 164/168 (97-6%) 364/367 (99-2%) 96/96 (100%) <0-0001
Other* 34/1567 (22%) 23/362 (6-4%) 4574 (0-7%) 4/168 (2:4%) 3/367 (0-8%) 0
Cardiovascular risk factors and comorbidities
Previous heart failure diagnosis 561/1568 (35-8%)  122/363 (33-6%) 203/572 (35:5%) 73/168 (43-5%) 136/369 (36-9%) 27/96 (28-1%) 0-10
Hypertension 988/1575 (627%)  220/366 (60-1%) 549/576 (95-3%) 41/168 (24-4%) 128/368 (34-8%) 50/97 (51-5%)  <0-0001
Diabetes 318/1564 (203%)  139/364 (38-2%) 125/569 (22-0%) 10/167 (6-0%) 29/367 (7-9%) 15/97 (155%)  <0-0001
Dyslipidaemia 249/1571 (15-8%)  125/365 (34-2%) 79/574 (13-8%) 11/167 (6-6%) 15/368 (4-1%) 19/97 (19-6%)  <0-0001
HIV-positive 54/1566 (3-4%) 4/363 (1-1%) 15/574 (2-6%) 5/165 (3-0%) 22/367 (6:0%) 8/97 (8-2%) 0-0003
Smoking status <0-0001
Current 79/1552 (5-1%) 35/363 (9-6%) 21/563 (3-7%) 7/167 (4-2%) 13/363 (3-6%) 3/96 (31%)
Previous 170/1552 (11-:0%)  61/363 (16-8%) 51/563 (9-1%) 8/167 (4-8%) 33/363 (9-1%) 17/96 (17:7%)
NYHA class at admission - <0-0001
| 65/1549 (4-2%) 33/364(9:1%) 11/560 (2:0%) 4/165 (2-4%) 9/364 (2:5%) 8/96 (8-3%)
Il 132/1549 (8-5%) 48/364 (132%) 34/560 (61%) 8/165 (4-8%) 26/364 (7:1%) 16/96 (16:7%)
11 459/1549 (29-6%)  101/364 (27-7%) 169/560 (30-2%) 44/165 (26-7%) 122/364 (33-5%) 23/96 (24-0%)
I\ 893/1549 (57-7%) 182/364 (50-0%) 346/560 (61-8%) 109/165 (66-1%) 207/364 (56:9%) 49/96 (51-0%)
Clinical presentation
BMI, kg/m? 237 236 246 219 232 243 <0-0001
(21-2-27-4) (21-5-27'5) (21-9-28-5) (20-0-24-6) (20-8-26-6) (20-8-28.7)
Systolic blood pressure, mm Hg 124-0 127-0 1380 114-0 110-0 122-0 <0-0001
(107-0-142-0) (110-0-140-0) (117-0-158'5) (100-0-130-0) (99-5-130-0) (108-0-140-0)
Diastolic blood pressure, mm Hg 80-0 80-0 875 70-0 755 76-0 <0-0001
(70-0-93-0) (70-0-94-0) (71:0-100-0) (63-0-80-0) (63-5-88.0) (66-0-88-0)
Heart rate, bpm 96-0 96-0 93.0 98.0 98.0 93.5 0-026
(82:0-108-0) (80-0-104-0) (81:0-104-0) (84-0-112-0) (82:0-112:0) (82:0-110-0)
Electrocardiography
Atrial fibrillation or atrial flutter 306/1464 (20-9%)  102/353 (28:9%) 83/517 (16-1%) 58/162 (35-8%) 46/338 (13-6%) 17/94 (18-1%) <0-0001
Echocardiography
LVEDD, mm 580 56-0 58-0 53:0 61-0 45-0 <0-0001
(49-:0-65-0) (51-0-64-7) (49-:0-65-0) (45-0-62-0) (53:0-67-0) (38:0-57-7)
LVEF, % 380 38.0 38.0 530 31.0 55-0 <0-0001
(28-0-55-0) (30-0-50-0) (29-0-55-0) (35:0-60-0) (24-0-41-0) (40-0-63-0)
Laboratory investigations
NT-proBNP, pg/mLT 1879-0 4235 2610-0 20845 4549-0 3500-0 <0-0001
(140-0-6305-0) (135:0-3625-0) (1129-0-8102-0) (890-0-8017-0) (1337-5-119180)  (1329-0-8164-0)
NT-proBNP (measured or BNP- 19930 7814 2185-0 2169-0 46741 37415 <0-0001

Data are median (IQR) or n/N (%), unless otherwise stated. Comparisons across aetiologies: Kruskal-Wallis test (continuous, ordered categorical), x’, or Fisher’s exact test (categorical). BNP=B-type natriuretic
peptide. LVEDD=left ventricular end-diastolic diameter. LVEF=left ventricular ejection fraction. NT-proBNP=N-terminal pro-B-type natriuretic peptide. NYHA=New York Heart Association. *Other ethnicities were
White, Asian, and mixed ancestry. TNT-proBNP was available for 345 patients (176 with ischaemic heart disease, 74 with hypertensive heart disease, 34 with valvular or congenital heart disease, 50 with
cardiomyopathy, and 11 other). #For patients without a directly measured NT-proBNP but with an available BNP result, BNP was converted to an NT-proBNP-equivalent value (additional n=74: 23 with ischaemic
heart disease, 20 with hypertensive heart disease, five with valvular or congenital heart disease, 20 with cardiomyopathy, and six other), giving a combined measured or BNP-converted total of n=419 (199 with
ischaemic heart disease, 94 with hypertensive heart disease, 39 with valvular or congenital heart disease, 70 with cardiomyopathy, and 17 other).

Table 1: Clinical characteristics overall and by primary heart failure aetiology

Clinical profiles differed substantially according to
underlying aetiology: patients with cardiomyopathy had
the lowest median left ventricular ejection fraction (LVEF;
31:0% [IQR 24:0-41-0]), whereas those with other
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aetiologies had the highest median LVEF (55-0%
[40-0-63-0]; table 1). Of patients with available LVEF data,
784 (53 -2%) of 1474 had heart failure with reduced ejection
fraction (LVEF <40%), 228 (15-5%) had heart failure with
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Overall (n=1578) Ischaemic heart ~ Hypertensive heart Valvular or congenital Cardiomyopathy Other (n=97)  p value
disease (n=367)  disease (n=576) heart disease (n=168) (n=370)
Emergency 14-0 (4-0-37-0) 12.0 (3:0-48-0) 24-0 (6-0-40'5) 10-0 (3-0-24-0) 12.0 (3:0-24-0)  12-0 (2-0-24-0) 0-0002
department stay,
h
Intensive care 151/1461(103%)  57/356 (16:0%)  24/523 (4-6%) 20/149 (13-4%) 40/341 (11:7%)  10/92 (10-9%)  <0-0001
unit admission
Length of 3-0 (2:0-5-0) 3-0 (2:0-5-0) 5.0 (3:0-8-0) 2:0 (1:0-4-0) 3:0(2:0-6:0)  3:0(2:0-5:0) 0064
intensive care
unit stay, days
Admitted to 1340/1499 (89-4%) 309/356 (86-8%) 496/546 (90-8%)  142/154 (92-2%) 317/352(90-1%) 76/91(83-5%)  0-075
ward
Length of ward 60 (4-0-10-0) 5.0 (3-0-8-0) 70 (4:0-10-0) 6-0 (4-0-10-0) 6:0(4-0-10-0) 70 (4-:0-12:0) <0-0001
stay, days
In-hospital 134/1542 (8:7%) 29/365 (7-9%) 48/567 (8-5%) 13/158 (8-2%) 31/356 (8-7%)  13/96(13-5%)  0-53
mortality
Data are median (IQR) or n/N (%), unless otherwise stated. p values for continuous variables (emergency department stay, intensive care unit length of stay, and ward length
of stay) were calculated using the Kruskal-Wallis test; the p value for in-hospital mortality was calculated using the x test. Discharge status was missing for 36 patients; in-
hospital mortality is reported as a percentage of those with known discharge status (n=1542).
Table 2: In-hospital clinical outcomes overall and by primary heart failure aetiology

mildly reduced ejection fraction (LVEF 40-49%), and
462 (31-3%) had heart failure with preserved ejection
fraction (LVEF =50%; appendix p 2). Clinical laboratory
profiles by aetiological group are shown in the appendix
(p 4). Among the 419 patients with measured or BNP-
converted NT-proBNP values, median concentrations
were lowest in patients with ischaemic heart disease
(781-4 pg/mL [IQR 136-0—4561-0]) and highest in those
with cardiomyopathy (4674-1 pg/mL [1337-5-12000-0]),
with differences across aetiological groups (table 1).

On initial presentation, patients spent a median of 14 h
(IQR 4-37) in the emergency department. Length of stay
differed across aetiological groups and was longest in
patients with hypertensive heart disease (table 2).
1340 (89-4%) of 1499 patients were admitted to a hospital
ward and the median ward stay was 6 days (IQR 4-10).
151 (10- 3%) of 1461 patients were admitted to an intensive
care unit, with patients with hypertensive heart disease
having the longest stays. Overall, 134 of 1542 patients
died in hospital (8:7% [95% CI 7-3-10-2]), with no
significant differences observed across heart failure
aetiologies (table 2).

Medication use at discharge was assessed in
1408 patients who were discharged alive and had
discharge medication data available. Use of guideline-
directed medical therapy at hospital discharge varied by
drug class (table 3; figure 3). Overall, target doses were
achieved in fewer than half of patients (table 3). Patterns
of guideline-directed medical therapy varied across acute
heart failure aetiologies (table 3; figure 3).

Of the 1567 patients included in time-to-event analyses
(11 patients were excluded due to internally inconsistent
dates), 528 (33-7%) were lost to follow-up before 180 days.
Median follow-up was 180 days (IQR 30-180). Kaplan—
Meier estimates at 30 days were 3-0% (95% CI 2-1-4-1)
for readmission (36  observed events) and

11-1% (9-6-12-9) for all-cause mortality (160 observed
events), with a combined cumulative incidence of 13-5%
(11-8-15-4) for the composite outcome (192 observed
events). By 180 days, cumulative incidence was 13-4%
(11-3-15-9) for readmission (115 events), 20-6%
(18-4-23-0) for all-cause mortality (255 recorded deaths),
and 28-4% (25-8-31-1) for the composite outcome. At
30 days, Kaplan—Meier estimates of all-cause readmission
ranged from 2-2% to 6-2% across aetiological groups
and estimates of all-cause mortality at 30 days ranged
from 9-4% to 16-0%; there was no evidence of differences
across aetiological groups in readmission (log-rank
p=0-17) or all-cause mortality (log-rank p=0-39). Over
180 days, all-cause mortality differed across aetiological
groups (log-rank p=0-019), with Kaplan-Meier estimates
at 180 days of 14-2% (95% CI 9-3-21-2) for valvular
or congenital heart disease, 16-8% (13-0-21-5) for
ischaemic heart disease, 22-2% (17-6-27-7) for
cardiomyopathy, 22-6% (18-8-27-0) for hypertensive
heart disease, and 32-2% (22-3-45-0) for other
aetiologies (figure 4).

Discussion

Building on the original THESUS-HF study (2008-2010),
which included 1006 patients from nine countries,”
THESUS-HEF II, comprising 1578 patients recruited from
50 hospitals across 17 countries, provides a large,
contemporary, multicountry assessment of acute heart
failure in Africa. Several important findings emerged. As
in THESUS-HF, patients were relatively young, sex
distribution was balanced, and hypertensive heart
disease, cardiomyopathy, and ischaemic heart disease
together accounted for 1313 (83-2%) of 1578 of acute
heart failure presentations. Clinical profiles differed
across aetiological groups, and all-cause mortality
differed across aetiological groups over 180 days. Access
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Overall (n=1408) Ischaemic heart  Hypertensive Valvular or Cardiomyopathy Other (n=83) p value
disease (n=336) heart disease congenital heart  (n=325)
(n=519) disease (n=145)
Diuretics
Loop diuretics 1204/1372 (87-8%)  279/332 (84-0%) 449/506 (88-7%) 126/142 (88-7%)  288/315(91-4%)  62/77 (80-5%)  0-014
RAAS inhibitors
Any RAAS inhibitor 1014/1373 (73-9%)  269/334 (80-5%)  411/505 (81-4%) 64/139 (46-0%)  226/316 (71-5%)  44/79 (55:7%) <0-0001
At target dose 542/1367 (39-6%)  185/334 (55-4%)  203/503 (40-4%) 27/139 (19-4%) 97/314 (30-9%)  30/77 (39-0%)  <0-0001
ACE inhibitors 574/1358 (42:3%)  171/330(51-8%)  180/500 (36:0%)  43/139 (30-9%)  152/313(48:6%) 28/76 (36:8%) <0-0001
Attarget dose 280/1354 (20.7%)  111/328(33-8%)  78/500 (15-6%)  11/139 (7-9%) 58/311(18-6%)  22/76 (28:9%) <0-0001
Angiotensin receptor 417/1356 (30-8%)  93/328 (28:4%)  219/504 (43-5%) 20/137 (14-6%) 67/310 (21-6%)  18/77 (23-4%)  <0-0001
blockers
Attarget dose 254/1345 (18:9%)  76/327 (232%)  117/499 (23-4%)  15/137 (10-9%) 35/309 (113%)  11/73(151%) <0-0001
Angiotensin receptor-  83/1345 (6-2%) 41/325(12:6%)  25/500 (5-0%) 2/138 (1-4%) 12/307 (3-9%) 3/75(4-0%)  <0-0001
neprilysin inhibitor
Attarget dose 56/1344 (4-2%) 32/324(9:9%) 15/500 (3-0%) 2/138 (1-4%) 6/307 (2-0%) 1/75(13%)  <0-0001
Other GDMT
B blockers 1053/1369 (76-9%)  285/333(85-6%)  374/501 (74:7%) 94/140 (67-1%)  253/317(79-8%)  47/78 (603%) <0-0001
Attarget dose 425/1363 (312%)  163/332(49-1%) 106/500 (212%)  45/139 (32:4%)  81/315(257%)  30/77 (39:0%) <0-0001
Mineralocorticoid 982/1366 (71-9%) 205/331(61:9%) 384/503 (76:3%)  109/140 (77-9%)  236/314 (752%) 48/78 (61.5%) <0-0001
receptor antagonists
Attarget dose 440/1361 (32:3%)  124/329 (37:7%)  153/503 (30-4%)  51/140 (36-4%)  86/312(27:6%) 26/77 (33-8%)  0-049
SGLT2 Inhibitors 743/1359 (54-7%)  220/332 (66-3%) 269/499 (53-9%)  56/138 (40-6%)  170/313 (543%)  28/77 (36-4%) <0-0001
Attarget dose 675/1352 (49-9%)  211/330(63-9%) 229/495(463%)  51/138(37-0%)  157/313(50-2%)  27/76 (35:5%) <0-0001
Other cardiovascular medications
Thiazide diuretics 175/1360 (12:9%)  79/330(23-9%)  44/502 (8-8%) 16/140 (11-4%) 25/312(8:0%)  11/76 (14-5%) <0-0001
Digoxin 365/1367 (26:7%)  104/328 (31:7%)  112/504 (222%)  43/140 (307%)  94/318 (29-6%) 12/77(15:6%)  0-0022
Amiodarone 81/1354 (6:0%) 31/326 (9-5%) 23/499 (4-6%) 9/139 (6:5%) 13/315 (4-1%) 5/75 (6:7%) 0-027
Vitamin K antagonist 198/1356 (14-6%) 72/328 (22:0%) 42/497 (8-5%) 42/141 (29-8%) 31/314 (9-9%) 11/76 (14-5%) <0-0001
Non-vitamin K 276/1355 (20-4%)  59/331(17-8%)  112/494 (22:7%)  21/138 (15:2%) 70/315 (222%)  14/77 (182%)  0-19
antagonist oral
anticoagulant
Data are n/N (%), unless otherwise stated. All analyses in this table were restricted to patients discharged alive (n=1408). Patients could be counted in more than one
component category of each medication class (eg, they could have received more than one RAAS medication); therefore, numerators for subcategories may total more than
that for the overall medication class. Target-dose percentages were calculated among all patients with non-missing derived target-dose status; patients who were not
prescribed the corresponding medication were classified as not being at target dose. Target dose was defined as follows. B blockers: bisoprolol 10 mg once daily; carvedilol
25 mg twice daily (50 mg twice daily if body weight >85 kg); metoprolol succinate (controlled release or extended release) 200 mg once daily; nebivolol 10 mg once daily.
ACE inhibitors: captopril 50 mg three times daily; enalapril 10-20 mg twice daily; lisinopril 20-35 mg once daily; ramipril 10 mg once daily; trandolapril 4 mg once daily.
Angiotensin receptor-neprilysin inhibitor: sacubitril-valsartan 97 mg-103 mg twice daily. SGLT2 inhibitors: dapagliflozin 10 mg once daily; empagliflozin 10 mg once daily.
Mineralocorticoid receptor antagonists: eplerenone 50 mg once daily; spironolactone 50 mg once daily. Comparisons across aetiologies: Kruskal-Wallis test (continuous,
ordered categorical), and ¥’ or Fisher’s exact test (categorical). ACE=angiotensin-converting enzyme. GDMT=guideline-directed medical therapy. RAAS=renin-angiotensin-
aldosterone system.
Table 3: Main medication use at discharge in patients discharged alive

to advanced cardiac services remained variable and
mortality was high, including an in-hospital mortality
of 8-7%. Guideline-directed medical therapies were
commonly prescribed at discharge at participating
centres. Together, these findings provide a contemporary
multicountry assessment of the clinical epidemiology,
management, and outcomes of acute heart failure in
Africa.

However, fewer than half of patients reached target
doses of guideline-directed medical therapies at
discharge. This finding is consistent with those from
the STRONG-HF study,* in which many patients were
not receiving full guideline-directed medical therapy
doses at baseline and rapid up-titration to recommended
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doses was undertaken during the first 2 weeks after
discharge. Imperfect adherence, as assessed by drug-
level testing, has also previously been shown in patients
with heart failure in Mozambique and Nigeria.”
Adherence data were not available in the present study,
and high prescription rates alone should not be
interpreted as evidence of optimal guideline-directed
medical therapy implementation. These findings should
also be considered in relation to the underlying heart
failure aetiology. For example, SGLT2 inhibitors were
prescribed to 56 (40-6%) of 138 patients classified as
having valvular or congenital heart disease. Although
some prescriptions might have reflected coexisting
diabetes or left ventricular dysfunction, the clinical

1193



Articles

Patients (%)

100

80

60

40

20

Aetiology

@ Ischaemic heart disease  ® Hypertensive heart disease @ Valvular or congenital heart disease
® Cardiomyopathy @ Other @ Prescribed O Attarget dose

T
ACE inhibitors, ARBs, or

ARN inhibitors

(any RAAS inhibitor)

Mineralocorticoid SGLT2 inhibitor

receptor antagonists

B blockers

Figure 3: Medication use at discharge by heart failure aetiology and target dose
ACE=angiotensin-converting enzyme. ARB=angiotensin-receptor blocker. ARN=angiotensin receptor-neprilysin.
RAAS=renin-angiotensin-aldosterone system.
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Figure 4: Kaplan-Meier estimates of 180-day overall survival by heart failure aetiology

Numbers at risk reflect the 1567 patients included in the time-to-event analyses. 11 patients (eight with
hypertensive heart disease and three with cardiomyopathy) were excluded because of internally inconsistent dates
that could not be resolved with source data.
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indication for SGLT2 inhibitor treatment in these
patients was not captured.

One of the key questions underlying THESUS-HF II
was whether the aetiological profile of acute heart failure
in Africa is changing in the context of shifting
environmental conditions, rapid urbanisation, increasing
obesity and sedentary behaviour, persistently high
rates of hypertension, and the continuing burden of
communicable diseases with cardiac implications.>*#%
Although the demographic profiles of THESUS-HF and

THESUS-HF II were broadly similar, the contribution of
hypertensive heart disease in this study was lower than
the 45% reported previously, whereas the proportion
attributed to ischaemic heart disease increased from
7-7%" to 23-3%. These findings are compatible with an
epidemiological transition, but do not establish it
definitively. Ischaemic heart disease was identified from
the totality of the available clinical evidence, including
acute or chronic coronary syndromes, electrocardio-
graphic and troponin findings, previous coronary
revascularisation, and regional wall-motion abnormalities
on echocardiography, rather than by systematic coronary
angiography in all patients. Differences between
THESUS-HF and THESUS-HF II in diagnostic
definitions, access to and sensitivity of troponin testing,
availability of coronary imaging, and clinical recognition
might therefore have contributed to the observed
increase. Accordingly, the higher proportion of patients
with ischaemic heart disease might reflect both a genuine
change in disease burden and improved ascertainment
compared with the original registry. Right heart failure
associated with lung disease has previously been
described in the Heart of Soweto Study (2006-08).* In
that cohort, among patients with right heart failure,
concurrent left-sided heart disease was present in 31%,
chronic lung disease in 26% (including chronic
obstructive pulmonary disease and tuberculosis), and
pulmonary arterial hypertension in 20%.%

Overall, compared with patients with acute heart
failure in many international cohorts, predominantly
from European and North America, patients in this
African cohort were younger and had a more balanced
sex distribution, with women comprising approximately
half of the cohort.” Moreover, the contribution of
hypertension is higher (although similar to that reported
from east and southeast Asia*) whereas the contribution
of ischaemic heart disease is still far lower than in most
parts of the world.” Beyond tracking the evolving
aetiology and characteristics of those presenting with
acute heart failure, to our knowledge, THESUS-HF II is
the first study to describe acute heart failure presentation
rates across multiple African countries. Overall,
we observed a presentation rate of 0-03 cases per
10000 people per week, corresponding to an estimated
annualised presentation rate of 1-72 per 10000 people.
For de novo acute heart failure, the corresponding
estimated annualised presentation rate was 1-15 per
10000 people. This compares with a Danish hospital
series during the COVID-19 pandemic that reported an
acute heart failure incidence of 9-1 per 10000 people per
annum.” As reported by Groenewegen and colleagues,”
comparison of heart failure incidence rates across studies
is problematic, with reported population-based estimates
varying substantially. Our presentation-rate estimates
should therefore not be interpreted as population
incidence rates. The observed presentation rates were
substantially lower than population-based incidence
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estimates reported in other settings, although these
measures are not directly comparable. The low observed
presentation rates could reflect incomplete capture of
acute heart failure occurring outside participating
hospitals, including patients who did not reach facilities
with diagnostic capacity.

A central finding of THESUS-HF II is the high
mortality following acute heart failure in this relatively
young cohort. Despite a median age of only 56-0 years,
in-hospital mortality was 8-7%, 11-1% of patients had
died by 30 days, and more than one in five by 180 days.
This 180-day mortality already approaches the lower end
of the 1-year mortality reported in European acute heart
failure cohorts, ranging from 21-6% to 36-5%, in which
patients are generally considerably older than in our
cohort.”** A similarly high 1-year mortality of 22-8% was
reported in a prospective north African cohort from
Tunisia, although those patients were approximately a
decade older and only 30% were women.” The
combination of heart failure presenting at a relatively
young age and high short-term mortality highlights the
substantial burden of premature mortality associated
with acute heart failure in this cohort. These findings
highlight potential opportunities for earlier detection and
prevention of heart failure, improved access to acute and
specialist care, implementation of guideline-directed
therapy, and strengthened post-discharge follow-up,
tailored to local aetiologies, patient characteristics, and
available resources. Further regional and country-specific
analyses are planned to explore these findings in greater
detail.”® No inference regarding the subsequent outcomes
of patients lost to follow-up can be made. The similar
rates of mortality in this study and European registries”*
suggest that once acute heart failure has occurred, its
short-term (30 days) prognosis is no longer determined
by demographicvariables (such as age), echocardiographic
ejection fraction, or aetiological causes (such as hyper-
tensive versus ischaemic). Our findings that longer-term
mortality at 180 days differs by aetiologies highlights the
importance of those in the outcome of heart failure in
the longer, chronic term but not during and immediately
after the acute episode.

From many perspectives, the management of acute
heart failure remains challenging.” Our findings,
including variable availability of specialist cardiac
services and the heterogeneous aetiologies represented,
reinforce this challenge from an African perspective. The
observed prescribing patterns should also be interpreted
in the context of the study setting: most participating
hospitals were tertiary centres and might not reflect
treatment access or prescribing in primary care, rural, or
lower-resource settings across Africa. Moreover, high
prescription rates should not be interpreted as evidence
of optimal guideline-directed medical therapy imple-
mentation, particularly given that target doses were
reached in fewer than half of patients. Further work is
required to examine treatment availability, affordability,
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implementation, and access across different health-care
settings in Africa.

The study methodology was appropriate for capture of
real-world clinical epidemiology data across participating
hospitals in Africa. Beyond well recognised methodological
limitations (eg, the use of prespecified surveillance periods
rather than contiguous surveillance), there are several
important limitations to consider. First, although we were
able to expand the number of contributing centres
and countries, several sub-Saharan African countries,
including many low-income countries, were not
represented, which limits the geographical represent-
ativeness of the study. Furthermore, the predominance of
tertiary-care hospitals among participating sites limits the
generalisability of treatment access and prescribing
findings to primary care, rural, and other lower-resource
health-care settings.

The mandatory use of ECG and echocardiography for
patientinclusion strengthened diagnostic ascertainment
but might have introduced selection bias, because these
investigations are not universally available. Clinical
assessments and point-of-care echocardiography were
performed as part of routine care by admitting
physicians at participating centres. Variation in clinical
expertise, echocardiographic interpretation, and
diagnostic capability across sites might therefore have
contributed to interobserver variability and diagnostic
misclassification. NT-proBNP was unavailable in a
substantial proportion of participants, reflecting hetero-
geneous access to laboratory testing and limiting
analyses involving natriuretic peptide concentrations.

A further limitation relates to the classification of heart
failure aetiology. Because access to advanced diagnostic
investigations was limited and varied across participating
centres, aetiology was assigned using the totality of the
available clinical evidence. Although this pragmatic
approach reflects clinical practice in the participating
hospitals, some aetiological misclassification remains
possible. Differences between the original and contem-
porary registries in diagnostic definitions, troponin
availability and sensitivity, clinical assessment, and
disease recognition might also have influenced
comparisons of aetiological distributions.

There was substantial loss to follow-up, with 528 (33-7%)
of 1567 patients lost to follow-up before 180 days. Although
these patients were censored at their last known date alive,
incomplete follow-up might have affected estimates of
longer-term mortality and readmission.

Presentation-rate estimates were based on centre-
reported adult catchment populations, which might have
been imprecisely defined, and annualised estimates
were extrapolated from seven non-contiguous, 24 h
surveillance periods. These estimates should therefore
be interpreted cautiously and should not be regarded as
population incidence rates. The limited surveillance
strategy also prevented assessment of potential seasonal
variation in acute heart failure presentations across
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Africa. Finally, despite the overall size of the cohort, some
aetiological subgroups were relatively small, increasing
the possibility of type II error in between-group
comparisons.

To our knowledge, THESUS-HF II is one of the largest
contemporary multicountry studies of acute heart failure
conducted in Africa to date. Compared with the original
THESUS-HF registry,” the contemporary aetiological
profile appears to have changed, with hypertensive heart
disease, cardiomyopathy, and ischaemic heart disease
now the leading contributors to acute heart failure
presentations. However, these differences should be
interpreted cautiously, as changes in diagnostic
definitions, ascertainment, and access to diagnostic
testing might also have contributed to the observed shift.
Although guideline-directed medical therapy was
commonly prescribed at participating centres, access to
advanced cardiac diagnostic and therapeutic services
remained variable. Acute heart failure was associated
with high 30-day and 180-day mortality despite the
relatively young age of the cohort and approximately
equal sex distribution. These findings highlight the
importance of strengthening heart failure prevention
and management and addressing gaps in cardiac care
across Africa.
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