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INTRODUCTION

Patients presenting with HFrEF are common in South Africa.("?
These patients, presenting with a reduced ejection fraction and
dilated left ventricle not due to a volume-loading condition, are
often labelled as having a dilated cardiomyopathy (DCM). The
aetiology of this phenotype is diverse, and no aetiology is often
detected. Considerable resources are spent on determining the
likely cause, including coronary angiography, as CAD is a
common cause of HFrEF, particularly in high-income countries
(HIC).6% In our experience, most patients with a classical
phenotypic DCM do not have significant underlying CAD,
although this has not been studied in the population that
Tygerberg Hospital serves.

DCM is the most common of the cardiomyopathies and a
leading cause of HFrEF worldwide.®® It is characterised by
ventricular dilation and systolic dysfunction in the absence of

ABSTRACT

Background: Ischaemic heart disease (IHD) is a common
cause of heart failure with reduced ejection fraction (HFrEF)
and a dilated left ventricle not due to volume overload. While
coronary angiography is recommended to delineate coronary
anatomy, its utility in low- to middle-income countries (LMIC) is
limited by resource constraints and a lower prevalence of
coronary artery disease (CAD).

Methods: This retrospective study included 159 patients
referred to the SUNHEART Outreach Programme with HFrEF
and a dilated left ventricle not due to volume overload. Using
coronary angiography as the gold standard, clinical history,
electrocardiogram (ECG), blood results, and echocardiographic
features were analysed to differentiate ischaemic from non-
ischaemic aetiologies.

Results: Of 159 patients (median age 55 years, 79% male), 114
patients (72%) had non-ischaemic cardiomyopathy. Patients
with ischaemic cardiomyopathy were more likely to have
atypical regional wall motion abnormalities (RWMA) on
echocardiography (odds ratio [OR] 13.98, 5.60-34.91) and left
ventricular wall thinning (OR 4.85, 1.29-18.19). The absence of
angina, dyslipidaemia, atypical RWMA, and left ventricular wall
thinning on echocardiogram predicted a 95% probability of non-
ischaemic cardiomyopathy (p < 0.01).

Conclusion: The absence of angina, dyslipidaemia, atypical
RWMA, and left ventricular wall thinning on echocardiography
favours non-ischaemic cardiomyopathy, supporting selective
rather than routine angiography in resource-limited settings.
Keywords: heart failure with reduced ejection fraction, dilated
cardiomyopathy, non-ischaemic cardiomyopathy.

SA Heart® 2026;23:123-129

abnormal loading conditions and significant CAD.®) The
echocardiogram of patients with a classical phenotypic DCM has
a typical distribution of hypokinesis/akinesis, with  RWMA
predominantly of the left ventricular septum and apex, with a
base-to-apex gradient. Typically, the base of the posterior and
lateral left ventricular wall is spared.® Data accurately describing
the incidence and prevalence of DCM are lacking; however, the
prevalence is estimated at around 36 cases per 100 000
population in Europe.® Significant geographical variation exists,
and the prevalence of DCM is substantially higher in low-income
countries.”) Population-based studies are lacking, though DCM
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accounts for 1 in 5 admissions for heart failure in sub-Saharan
Africa.(V

The aetiology of DCM is diverse, with no cause found in most
patients.) Genetic factors are implicated in up to 40% of
patients, with a frequently encountered autosomal dominant
inheritance pattern.®¥ The most common genetic mutations
involve variants in the titin (TTN), lamin A/C (LMNA),
phospholamban  (PLN), and filamin-C (FLNC) genes. The
prevalence and impact of these variants have not yet been
studied in South Africa.*#9 In the absence of family clustering or
a significant family history, routine genetic testing is not
recommended.®' In the appropriate clinical scenario, less
common causes of DCM to screen for include systemic immune-
mediated disease, toxin/overload syndromes, drugs, and
metabolic/fendocrine disease.?)

Due to the heterogeneity of the underlying causes of DCM, a
thorough workup is required. The European Society of
Cardiology (ESC) and the American Heart Association propose
a stepwise approach. A detailed history, clinical examination,
ECG, chest X-ray, laboratory analysis, and echocardiogram are
indicated in all patients. Cardiac magnetic resonance imaging
(MRI) assists with evaluating ventricular structure and function,
as well as tissue characterisation.®” Endomyocardial biopsy
(EMB) is advised when conditions such as myocarditis,
hemochromatosis, or sarcoidosis are suspected and cannot be
confirmed by other diagnostic modalities.“”' Current guidelines
recommend coronary angiography or computed tomography
(CT) coronary angiogram to exclude significant CAD.®”) The
recommendation for coronary angiography is supported by the
2012 Appropriate Use Criteria for diagnostic catheterisation."?
The contrast between heart failure in LMICs and HICs has been
well described. However, data regarding the epidemiology of
heart failure in sub-Saharan Africa are still lacking and mostly rely
on hospital-based studies.” CAD is the major cause of heart
failure in HICs compared with rheumatic heart disease,
hypertensive heart disease, and idiopathic DCM in sub-Saharan
Africa?*™ Viral infections in particular play an important role in
the pathogenesis of heart failure in the African population."V
Human immunodeficiency virus (HIV) infection directly and
indirectly contributes to the cardiovascular disease burden in
Africa."? Affected patients are typically younger and present

with more advanced myocardial disease.">"?

While the rising burden of non-communicable cardiovascular
disease in Africa is well recognised, idiopathic DCM remains
more prevalent than ischaemic cardiomyopathy.®' Among the
spectrum of cardiovascular disease evaluated in the 2006 Heart
of Soweto Study, heart failure was the most common diagnosis.
DCM was identified as the leading cause in 35% of cases, while
CAD was responsible for 10%.? Similarly, a prospective study
from a Ghanaian referral centre (1992-1994) reported
cardiomyopathy as a major cause of heart failure (16.8%), while
CAD was present in 10% of cases. However, coronary
angiography was not routinely performed in that study. In The

Sub-Saharan Africa Survey of Heart Failure (THESUS-HF),
idiopathic DCM accounted for almost one-third of cases
of heart failure, whereas only 7.7% were attributed to IHD.("®
As with prior studies, the absence of routine coronary
angiography likely contributed to the underdiagnosis of ischaemic
aetiologies.™™ Thus, current data are limited, and the true
prevalence of IHD among patients with presumed idiopathic
DCM remains uncertain.

Few studies evaluate the combined wuse of clinical,
electrocardiographic, and echocardiographic data to predict an
ischaemic aetiology in patients with DCM or guide the need for
invasive coronary angiography. A 2019 retrospective study from
the United States, involving 100 patients admitted with new-
onset heart failure, found no significant differences in clinical,
laboratory, or ECG parameters between the ischaemic and non-
ischaemic groups. However, among 13 echocardiographic
variables, segmental thickness variability emerged as the most
sensitive and specific marker for ischaemic cardiomyopathy, with
a 94% negative predictive value, and when combined with
RWMA in a coronary distribution, demonstrated 100%
specificity.™ Another retrospective study of 273 patients
referred for coronary angiography used logistic regression
analysis to develop a risk score based on clinical and ECG
variables. Pathological Q waves and diabetes had the highest
diagnostic accuracy, with specificities of 88% and 72%, and
negative predictive values of 88% and 92%, respectively. Smoking,
hypertension, and other ECG changes were also included in the
model.1®

The exclusion of CAD is an important component in the
workup of patients presenting with HFrEF not due to an
abnormal loading condition. Given the high prevalence of CAD
in the developed world, routine coronary angiography is
recommended.®” Considering the resource limitation in LMICs
and the lower incidence of CAD as an aetiological cause of
DCM, the question arises whether a group of patients can be
identified in whom CAD is unlikely."*™® We set out to determine
whether clinical, ECG, and echocardiographic parameters could
predict non-ischaemic aetiology in patients with HFrEF and a
dilated left ventricle not due to volume overload.

MATERIALS AND METHODS

We retrospectively reviewed the electronic medical records of
all patients evaluated as part of the SUNHEART programme
with a new diagnosis of HFrEF/cardiomyopathy from 2015 to
2023. All patients > 18 years of age, with a dilated left ventricle
(defined as a left ventricular end-diastolic diameter > 57 mm in
males and > 53 mm in females) and a < 40% ejection fraction by
echocardiography were included, provided a coronary angiogram
was performed. Patients were excluded if they presented with
an acute coronary syndrome, severe primary valve disease, or
previous percutaneous coronary intervention/coronary artery
bypass grafting. Ethical approval for this study was obtained
from the Stellenbosch University Health Research Ethics

Committee (number: $23/03/043).
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Patient demographics, history, cardiovascular risk factors, clinical
examination, ECG findings, and blood results were recorded
following the retrospective review of the digital notes generated
by the cardiology consultants during initial consultation. Echo-
and angiographic data, as well as cardiac MRl and positron
emission tomography (PET)-CT findings, if performed, were
obtained from alternative imaging platforms. A cardiologist
blinded to the coronary anatomy reviewed the echocardiogram
and classified the ventricular contractility on the initial
echocardiogram as typical (RWMA predominantly of the left
ventricular septum and apex, with a base-to-apex gradient) or
atypical for non-ischaemic DCM.

Coronary angiography was the gold standard for diagnosing
ischaemic cardiomyopathy and was deemed the cause when
> 70% stenosis was present in the left anterior descending
(LAD), left circumflex (LCX), or right coronary artery (RCA). A
50% threshold was used for the left main stem (LMS). In cases
of intermediate disease, fractional flow reserve was performed
in the LAD/LCX or RCA, while intravascular ultrasound was
used to quantify severity in the LMS.

Data were exported from REDCap in SPSS Statistics format.
SPSS Statistics was used to analyse the data. Numerical data with
a normal distribution were described using means and standard
deviations, while categorical data were described using
frequencies and percentages. Variables were evaluated for
sensitivity, specificity, and positive and negative predictive values
for diagnosing non-ischaemic cardiomyopathy, with invasive
coronary angiography as the gold standard. Pearson’s chi-square
test and t-tests with 2-sided p-values were used to assess
associations between categorical or continuous variables and
non-ischaemia. Binary logistic regression analysis was used to
assess associations between specified risk factors and the
outcome of non-ischaemic cause. Multivariable logistic regression
analysis was performed to identify independent predictors of
non-ischaemic cardiomyopathy. These variables were used in a
predictive odds model, in which each variable’s weight was
determined by its beta coefficient. The receiver operating
characteristics of the model are reported. A 2-sided p-value
< 0.05 indicates statistical significance, and 95% confidence
intervals (Cl) are reported.

RESULTS

A total of 2 528 patients were referred to the SUNHEART
programme and evaluated by a cardiologist over 84 months
between 2015 and 2023. Figure 1 outlines the screening process,
exclusion criteria, and final inclusion of patients in the study
cohort. Of the patients screened, 159 met the eligibility criteria
and were included in the final analysis. HFrEF/cardiomyopathies
accounted for almost 1 in 5 referrals. Of the 707 patients with
HFrEF/cardiomyopathy, 548 were excluded. The most common
reasons for exclusion were the absence of a coronary angiogram
and failure to meet the echocardiographic inclusion criteria.

(\7 a%ART“

Patients screened
(n=2528)

!

Exclusion (n = 548): Cardiomyopathies
No angiogram (n = 313) (n=707)

Did not meet echocardiographic criteria
(n=67)

Hypertrophic cardiomyopathy (n = 52)
Insufficient echocardiographic data
(n=33)

Post-partum cardiomyopathy (n = 28)

+ Severe primary valvular heart disease
(n=18)
Previous PCl or CABG (n = 14) v
Study participants

Ischaemic presentation (n = 13

Restrictive cardiomyopathy (n = 10) (n=159)

FIGURE I: Flow diagram illustrating the selection of the
study population.

CABG: coronary artery bypass grafting, PCl: percutaneous coronary
intervention.

ROC Curve
10

0.8

Sensitivity
o
o

o
~

0.2

0.0

0.0 0.2 04 0.6 0.8 1.0
1 - Specificity

FIGURE 2: Receiver operating characteristic (ROC)
curve for predicting non-ischaemic dilated cardiomyo-
pathy in patients with heart failure with reduced ejection
fraction.

The ROC curve illustrates the discriminative performance of the risk-
based prediction model (Table Ill) for identifying non-ischaemic dilated
cardiomyopathy. The area under the curve was 0.858 (95% Cl 0.786
to 0.931; p < 0.001), indicating good discriminatory ability.

The clinical, electrocardiographic, and echocardiographic
features of patients by cardiomyopathy type are summarised in
Table I. The median age of the study population was 55 years
(interquartile range [IQR] 46—61), with a male predominance
(79.2%). CAD was identified as the aetiology in 45 patients
(28.3%). Of the 114 patients (71.7%) with non-ischaemic
cardiomyopathy, 86% were classified as idiopathic (Table II).



PREDICTING NON-ISCHAEMIC DILATED CARDIOMYOPATHY IN HEART FAILURE

TABLE I: Baseline clinical, electrocardiographic, and echocardiographic characteristics of patients by cardiomyopathy type.
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Left ventricular wall thickness n (SD) 848 (2.3) 8.65 (2.1) 8.6 (2.2) 0.67

(n=42) (n=97) (n=139)

Left ventricular end-diastolic n (SD) 64.29 (6.3) 65.74 (6.8) 65.3 (6.7) 0.22
diameter
Angiogram Normal, n (%) 0 88 (77.2) 88 (55.3) <0.05

Minor CAD, n (%) 0 26 (22.8) 26 (16.4)

> 70% stenosis in LMS/LAD/ 45 (100) 0 (0) 45 (28.3)

LCXIRCA, n (%)
MRI performed n (%) 3(6.7) 8 (7.0) 11 (6.9) 1.0
PET performed n (%) 4 (89) 0 (0.0) 4 (25) 0.05

Baseline demographic, clinical, laboratory, electrocardiographic, and imaging characteristics are compared between patients with ischaemic and non-ischaemic dilated cardiomyopathy.
Data are presented as number (percentage), mean (SD), or median (IQR), as appropriate. The p-values refer to comparisons between ischaemic and non-ischaemic cardiomyopathy
groups. A p-value < 0.05 was considered statistically significant. Where indicated, subgroup totals reflect available data only.

* TAPSE categories were defined as mildly impaired (14—16 mm), moderately impaired (10—13 mm), and severely impaired (< 10 mm).

ANA: antinuclear antibody, CAD: coronary artery disease, ECG: electrocardiogram, HIV: human immunodeficiency virus, IQR: interquartile range, LAD: left anterior descending coronary
artery, LCX: left circumflex artery, LDL: low-density lipoprotein, LMS: left main stem, MRI: magnetic resonance imaging, NYHA: New York Heart Association, PET: positron emission
tomography, RCA: right coronary artery, SD: standard deviation, TAPSE: tricuspid annular plane systolic excursion, TSH: thyroid-stimulating hormone.

Patients with ischaemic cardiomyopathy confirmed on coronary TABLE II: Aetiology of heart failure with a reduced

ejection fraction in patients with a dilated left ventricle.

angiography were more likely to have angna (p < 0.01),
dyslipidaemia (p < 0.01), pathological Q waves on ECG (p <

Aectiology n (%)
0.05), wall thinning on echocardiography (p < 0.01), or RWMA \diopathic % (616)
not typical of a non-ischaemic cause (p < 0.01). Even though :

L L o Ischaemic 45 (28.3)

there was a statistically significant association between the
presence of pathological Q waves on ECG and the diagnosis of Sbsitanee b e
ischaemic cardiomyopathy, their absence was not an independent Alcohol 9
predictor of non-ischaemic cardiomyopathy after multivariate Methamphetamine 1
analysis (p = 0.60). Hypertension (p = 0.44), diabetes (p = 0.3), Unspecified 1
HIV status (p = 0.37), and a history of smoking (p = 0.35) were Chemotherapy 2(13)
anticipated risk factors that showed no significant differences Tachycardia-induced cardiomyopathy 1(0.6)
between the 2 groups. HIV-related 1(06)

Familial 1(0.6)
A risk score combining the absence of angina, dyslipidaemia, wall Total 159

thinning on echocardiogram, and the presence of typical non-
. . . ) ) This table summarises the underlying aetiology of HFrEF among the study population.
ischaemic RWMA generated the highest diagnostic accuracy e e of ¢ Y pop

Data are presented as number (n) of patients (percentage of the total cohort).
(90% sensitivity, 67% specificity, 87% positive predictive value,
and 73% negative predictive value) in predicting non-ischaemic

cardiomyopathy (Table lll). The log odds of non-ischaemic

Subcategories of substance-induced cardiomyopathy are presented as absolute
numbers only and sum to the parent category.
HFrEF: heart failure with reduced ejection fraction, HIV: human immunodeficiency

aetiology were calculated as: -2.853 + 2.637 (non-ischaemic s

RWMA present) + 0.818 (no angina) + 0.774 (no dyslipidaemia)

+ 1.578 (no area of wall thinning); where 1 = variable present,
and O = variable absent. This predictive odds model yielded
excellent discriminative power (area under the curve 0.858, 95%

Cl 0.786 to 0.931; p < 0.001) (Figure 2). Within this cohort, the
presence of all 4 variables was associated with an estimated 95%

probability of non-ischaemic cardiomyopathy.

TABLE IlI: Multivariable predictive odds model for diagnosing non-ischaemic cardiomyopathy in patients with heart failure and

a reduced ejection fraction.

Multivariable predictors of non-ischaemic cardiomyopathy
No angina history

No dyslipidaemia

Typical non-ischaemic RWMA

No area of wall thinning

Beta coefficient OR (95% CI)
0818 2.27 (0.874 to 5.873)
0.774 2.17 (0.847 to 5.554)
2637 13.98 (5.596 to 34.911)
1.578 4.85 (1.291 to 18.191)

This table presents the independent predictors of non-ischaemic cardiomyopathy derived from multivariable logistic regression analysis. Results are presented as beta coefficients and odds

ratios with 95% Cls. The final model equation for estimating the log odds of non-ischaemic aetiology is: log odds = -2.853 + 2.637 (typical non-ischaemic RWMA) + 0.818 (no angina

history) + 0.774 (no dyslipidaemia) + 1.578 (no area of wall thinning).
Cl: confidence interval, OR: odds ratio, RWMA: regional wall motion abnormalities.
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DISCUSSION

In patients presenting with HFrEF and a dilated left ventricle, the
absence of angina, dyslipidaemia, left ventricular wall thinning on
echocardiography, and the presence of RWMA typical of non-
ischaemic cardiomyopathy make an ischaemic cause highly
unlikely. Given these findings, routine angiography in this group
of patients may be reconsidered.

Ischaemic  cardiomyopathy and idiopathic DCM differ
fundamentally in their patterns of myocardial injury and
remodelling. Ischaemic cardiomyopathy develops following
myocardial infarction within a coronary artery territory, resulting
in myocardial scarring, wall thinning, and regional contractile
dysfunction corresponding to the affected vascular territory. On
the other hand, classic idiopathic DCM more commonly
demonstrates diffuse ventricular remodelling with global systolic
dysfunction and a characteristic non-coronary distribution of
wall  motion abnormalities.®*'®  These pathophysiological
differences explain why typical RWMA of non-ischaemic
cardiomyopathy and the absence of an area of left ventricular
wall thinning were strong independent predictors of non-
ischaemic cardiomyopathy. Combining clinical features with
these echocardiographic variables generated a predictive model
with a higher diagnostic accuracy.

Previous studies evaluating clinical predictors of ischaemic
cardiomyopathy found contradicting results when evaluating the
association between the diagnosis of ischaemic cardiomyopathy
and the presence of cardiovascular risk factors, such as diabetes,
dyslipidaemia, hypertension/smoking history.(>'® Hypertension,
diabetes, and smoking were highly prevalent across both groups
and, therefore, lacked discriminatory value within this cohort.
Conversely, the absence of angina or dyslipidaemia was the
most significant clinical predictor of non-ischaemic aetiology.

The association between pathological Q waves on ECG and
previous myocardial infarction is well known.1? Therefore, the
statistically significant association between its presence and an
ischaemic aetiology was expected. However, following
multivariate analysis, it was not an independent predictor of
ischaemic cardiomyopathy, likely due to confounding from the
pathophysiological association between the presence of
pathological Q waves on ECG and evidence of wall thinning on
echocardiography.

HIV  contributes substantially to the cardiovascular disease
burden in Africa, and HIV-associated cardiomyopathy remains
an important cause of non-ischaemic heart failure in sub-Saharan
Africa® Similar to previous studies from LMICs in Africa, 6% of
the study population was HIV-positive.? Despite the high
prevalence of HIV in the South African population, only 0.6% of
the study participants were diagnosed with an HIV-associated
cardiomyopathy, compared with 2.6% of all patients presenting
with acute heart failure in THESUS-HF.(3

We expected a higher prevalence of HIV-associated
cardiomyopathy in this cohort given both the regional HIV

burden and the diverse referral population served by the
SUNHEART  programme.("™  However, HIV status was
inconsistently documented due to the retrospective nature of
the study, and the diagnosis of HIV-associated cardiomyopathy
was not based on predefined criteria. Furthermore, previous
research illustrates left ventricular dysfunction related to HIV is
often subclinical, and once left ventricular dysfunction is present,
HIV-associated cardiomyopathy carries a poor prognosis.®2
This cohort represented elective outpatient referrals with
established HFrEF, which may have contributed to the

underrepresentation of HIV-associated myocardial disease.

International data suggest that up to 40% of DCM cases may
have a familial or genetic basis, although only 1 patient in our
cohort was clinically classified as familial DCM.?" The prevalence,
penetrance, and phenotypic expression of the more than 60
genes implicated in DCM have not been adequately studied in
African  populations. Moreover, genetic testing remains
expensive, is limited in the South African public sector, and often
yields variants of uncertain significance.®® Genetic testing was
not performed in this study, and its future role remains uncertain.

Cardiac MRI' may improve differentiation between ischaemic and
non-ischaemic myocardial injury through late gadolinium
enhancement patterns, but this was not evaluated in our
(6,21

study.®?" EMB remains the gold standard for diagnosing certain
inflammatory, infiltrative, and storage disorders; however, it is
invasive, operator-dependent, and limited to specialised
centres.?" None of the patients in this cohort met criteria for

EMB as part of their diagnostic workup.

In resource-constrained healthcare systems, routine invasive
coronary angiography for all patients presenting with HFrEF and
a dilated left ventricle may have important downstream
consequences. Beyond procedural risks, such as vascular
complications, bleeding, and contrast-associated kidney injury,
routine angiography places considerable strain on limited
catheterisation laboratory capacity, potentially contributing to
prolonged waiting times and inefficient allocation of specialised
cardiology resources.

In this cohort, the absence of angina, dyslipidaemia, or
echocardiographic evidence of left ventricular thinning, and the
presence of RWMA typical of non-ischaemic cardiomyopathy,
strongly favours a non-ischaemic aetiology. In contrast,
hypertension, diabetes, HIV status, and smoking history did not
reliably distinguish between ischaemic and non-ischaemic
cardiomyopathy.

These findings suggest that a combination of readily available
clinical and echocardiographic parameters can identify patients
with a low likelihood of significant CAD and guide a selective,
rather than routine, coronary angiography strategy. While
current ESC guidelines remain best practice, this study provides
a rationale for a risk-stratified adaptation of these
recommendations in a resource-limited setting, with the
potential for broader application following prospective,
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multicentre studies in South Africa. Given the high prevalence of
cardiovascular disease and limited resources, conserving the
need for invasive coronary angiography in our setting will have a
substantial clinical impact.

Study limitations and strengths

A limitation of this study is the retrospective review of a single
centre’s records. However, the information was obtained from a
tertiary referral centre’s perspective over an extended period
and is representative of the diverse patient population the
Division of Cardiology at Tygerberg Hospital and the SUNHEART
programme serves. Selection bias may have been present, as the
study population comprised only patients referred for cardiology
review. However, referral bias likely enhances the significance of
our current findings as patients were more often referred when
an ischaemic aetiology was suspected. The diagnosis of ischaemic
aetiology based solely on the gold standard of coronary
angiography represents a significant strength of this study.

CONCLUSION

Ultimately, these findings may support the development of a
context-specific South African diagnostic algorithm for patients
presenting with newly diagnosed HFrEF and a dilated left
ventricle, balancing the appropriate exclusion of CAD against
the realities of resource limitations within LMIC healthcare
systems. Developing a simplified bedside or mobile application-
based risk score may further enhance clinical applicability.
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