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ABSTRACT

Background: Africa has a growing burden of stroke with associated high morbidity and a 3-year fatality rate of
84%. Cardiac disease contributes to stroke occurrence and outcomes, but the precise relationship of abnor-
malities as noted on a cheap and widely available test, the electrocardiogram (ECG), and acute stroke out-
comes have not been previously characterized in Africans.

Objectives: The study assessed the prevalence and prognoses of various ECG abnormalities among African
acute stroke patients encountered in a multisite, cross-national epidemiologic study.

Methods: We included 890 patients from Nigeria and Ghana with acute stroke who had 12-lead ECG
recording within first 24 h of admission and stroke classified based on brain computed tomography scan or
magnetic resonance imaging. Stroke severity at baseline was assessed using the Stroke Levity Scale (SLS),
whereas 1-month outcome was assessed using the modified Rankin Scale (mRS).

Results: Patients’ mean age was 58.4 � 13.4 years, 490 were men (55%) and 400 were women (45%), 65.5%
had ischemic stroke, and 85.4% had at least 1 ECG abnormality. Women were significantly more likely to
have atrial fibrillation, or left ventricular hypertrophy with or without strain pattern. Compared to
ischemic stroke patients, hemorrhagic stroke patients were less likely to have atrial fibrillation (1.0% vs.
6.7%; p ¼ 0.002), but more likely to have left ventricular hypertrophy (64.4% vs. 51.4%; p ¼ 0.004).
Odds of severe disability or death at 1 month were higher with severe stroke (AOR: 2.25; 95% confidence
interval: 1.44 to 3.50), or atrial enlargement (AOR: 1.45; 95% confidence interval: 1.04 to 2.02).

Conclusions: About 4 in 5 acute stroke patients in this African cohort had evidence of a baseline ECG
abnormality, but presence of any atrial enlargement was the only independent ECG predictor of death or
disability.

Stroke is a common neurologic condition in all regions
of the world. Of the 14.1 million people who died of
cardiovascular diseases (CVD) in 2012 in the world, stroke

accounted for 6.7 million deaths [1]. Many people who
suffer acute stroke have underlying CVD such as hyper-
tension, atrial fibrillation, and ischemic heart disease [2].
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These underlying CVD are associated with several pre-
existing electrocardiographic (ECG) anomalies such as
rhythm and conduction abnormalities, and left ventricular
hypertrophy (LVH) with or without St-T wave changes.

However, several researchers have postulated the exis-
tence of a brain-heart axis whereby structural brain lesions
by themselves result in electrocardiographic changes [3].
The precise mechanism that leads to the development of
these ECG changes is still uncertain, though increasing
evidence suggests that it is mainly due to autonomic ner-
vous system dysregulation [3,4]. Whereas some authors
attribute these ECG changes in acute stroke to underlying
CVD, others have demonstrated their presence in acute
stroke patients without underlying CVD [5,6].

Irrespective of pre-existing cardiac diseases or not,
observing an abnormal ECG in an acute stroke patients
more than doubled their mortality rate at 6 months [5] and
these abnormal ECG changes have not been shown to be
perfect predictive tool for stroke subtypes [6,7]. Although
cardiac arrhythmia, such as atrial fibrillation, and LVH
have been linked with the occurrence and prognosis of
acute stroke, the prognostic value of repolarization changes
commonly seen after stroke such as ST-segment depression
as well as T-wave and U-wave abnormalities still remains
unclear [8,9].

Despite the common occurrence of stroke in Africa,
there is sparse data on the prevalence and prognostic
significance of ECG abnormalities in acute stroke in the
region. In addition, there is inadequate data on the con-
tributions of cardiac arrhythmias, conduction abnormal-
ities, LVH, QTc prolongation, and QRS prolongation on
1-month case fatality in acute stroke especially in the
African context. Understanding these interactions will
help develop interventions to reduce the morbidity and
mortality associated with acute stroke.

We investigated the prevalence of specific baseline
ECG abnormalities in Africans with acute stroke and their
prognostic effect on severe disability or death at 1-month
after stroke.

METHODS

Study design
Design of the SIREN (Stroke Investigative Research And
Education Network) study has been described elsewhere
[10]. It is a multicenter case-control study involving several
sites in Nigeria and Ghana, which has been running since
August 2014. Ethical approval was obtained from the
institutional ethical committees of all study sites and
written informed consent was obtained from all subjects.

Cases included consecutively consenting adults
(18 years of age or older) with first clinical stroke within 8
days of current symptom onset, or “last seen without
deficit” with cranial computer tomography or magnetic
resonance imaging scan performed to confirm diagnosis
within 10 days of symptom onset. We excluded those with
stroke mimics, primary subarachnoid hemorrhage and

previous strokes that were not radiologically ascertained.
Stroke severity was assessed at baseline using the Stroke
Levity Scale (SLS) [11]. One-month outcome was assessed
using the modified Rankin scale (mRS) [11]. Other clinical
and laboratory information were obtained according to the
SIREN protocol [10].

Electrocardiography
A standard (resting) 12-lead ECG was performed in each
subject using a commercially available ECG machine at 25
mm/s and 1 mV/cm calibration. All the 12-lead ECGs
were obtained within 24 h after the onset of stroke. The
ECG tracings were independently analyzed by the cardi-
ologists who were unaware of the details of the clinical
status of the patients. Abnormalities obtained from the
ECGs were defined according to standard criteria as
shown in Table 1 [12,13]. Left ventricular hypertrophy
was diagnosed using the following criteria: Sokolow-Lyon
voltage (sum of the amplitudes of S-wave in V1 and R-
wave in V5 or V6 �3.5 mV), sex-specific Cornell voltage
(sum of the amplitudes of S-wave in V3 and R-wave in
aVL of 2.0 mV in women and of 2.8 mV in men). Cor-
nell’s product (CP) was calculated as the product of
Cornell voltage times QRS duration. Repolarization ab-
normalities in leads V5 or V6 indicated typical strain
when there was down-sloping convex ST segment with an
inverted asymmetrical T-wave opposite to the QRS axis
[14,15]. QT interval was determined using the tangent
method [16]. The measured QT interval was corrected for
heart rate using the Bazett’s formula. Prolonged QT in-
terval was considered present when the QTc was >450
ms and >440 ms in women and men, respectively.
Presence of other St-T wave changes were documented
according to standard criteria [12]. ECG definitions of
criteria are in Table 1.

Data management and analysis
Quantitative variables were summarized using mean � SD
for normally distributed and median for asymmetric
variables. Frequency and percentage was computed for
categorical variables. To investigate the statistical signifi-
cance of the difference in continuous variables according to
sex and stroke type, independent samples Student t test
was used. For categorical variables, the chi-square test for
the comparison of proportions was used.

Total mRS scores of 0 to 3 and 4 to 6 were categorized
as good and poor, respectively. Association among
selected demographic, clinical characteristics, and ECG
findings was investigated at bivariate and multivariate
levels. For bivariate analysis, chi square test was used
while binary logistic regression was used for multivariate.
Criteria for inclusion of variables in the logistic regression
model was a p value <0.05 in the bivariate or previous
report in literature or basic demographic factors (age and
sex). Goodness of fit was assessed using the Hosmer-
Lemeshow test.
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