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Background—Little is known about the relationship between echocardiographic abnormalities and outcome among patients with
acute stroke. We investigated the pattern and association of baseline echocardiographic variables with 1-month disability and
mortality among patients with stroke in the SIREN (Stroke Investigative Research and Education Network) study.

Methods and Results—We enrolled and followed up consecutive 1020 adult patients with acute stroke with baseline transthoracic
echocardiography from west Africa. To explore the relationship between echocardiographic variables and 1-month disability (using
modified Rankin scale >3) and fatality, regression models were fitted. Relative risks were computed with 95% Cls. The participants
comprised 60% men with a mean age of 59.21+14.6 years. Ischemic stroke was associated with smaller aortic root diameter (30.2
versus 32.5, P=0.018) and septal (16.8 versus 19.1, P<0.001) and posterior wall thickness at systole (18.9 versus 21.5, P=0.004).
Over 90% of patients with stroke had abnormal left ventricular (LV) geometry with eccentric hypertrophy predominating (56.1%). Of
13 candidate variables investigated, only baseline abnormal LV geometry (concentric hypertrophy) was weakly associated with
1-month disability (unadjusted relative risk, 1.80; 95% Cl, 0.97-5.73). Severe LV systolic dysfunction was significantly associated
with increased 1-month mortality (unadjusted relative risk, 3.05; 95% Cl, 1.36—6.83).

Conclusions—Nine of 10 patients with acute stroke had abnormal LV geometry and a third had systolic dysfunction. Severe LV systolic
dysfunction was significantly associated with 1 month mortality. Larger studies are required to establish the independent effect and
unravel predictive accuracy of this association. (/ Am Heart Assoc. 2019;8:e010814. DOI: 10.1161/JAHA.118.010814.)
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frica is undergoing sociodemographic and lifestyle

changes leading to epidemiological transition, which is
currently driving an increased burden of stroke in the
region.”? Ischemic stroke includes cardioembolic stroke and
accounts for about 20% of all strokes.** While atrial
fibrillation, which accounts for half of all cardioembolic
strokes,® can be diagnosed with electrocardiography, other

nonarrhythmic cardioembolic diseases and cryptogenic stroke
require echocardiography. Although transesophageal echocar-
diography is more sensitive in excluding intracardiac/left
atrial appendage clot in cardioembolic stroke, transthoracic
echocardiography is more widely available and is more
commonly used in low-resource settings such as sub-Saharan
Africa.® Certain transthoracic echocardiography features such
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Clinical Perspective

What Is New?

» The role of echocardiography in the management of acute

stroke among African populations has not been well studied.

Nine of 10 patients with acute stroke of African descent had

abnormal left ventricular geometry and a third had left

ventricular systolic dysfunctions.

» Patients with acute stroke with severe left ventricular
systolic function were 3 times at risk of 1-month mortality.

What Are the Clinical Implications?

* Routine echocardiographic diagnosis and management of
cardiac dysfunction during acute stroke may be helpful in
preventing worse outcome.

as left atrial volume, spontaneous echo contrast or “smoke,”
increased left ventricular (LV) mass, and poor LV functions
have been previously associated with stroke and stroke
outcome.” Early detection of these conditions may be of
therapeutic value in the management of stroke. Despite the
aforementioned, the current recommendations for the man-
agement of acute stroke does not consider echocardiography
as an essential test in patients with stroke.® This may be the
result of global dearth of data on the usefulness of
echocardiography in the management of stroke. Therefore,
the purpose of this study was to describe the pattern of
echocardiographic abnormalities and predictors of outcome in
a large cohort of indigenous Africans with acute stroke.

Methods
Data Availability

The data, methods used in analysis, and materials that
support the findings of this study are available from the
corresponding author upon reasonable request.

Study Design

The SIREN (Stroke Investigative Research and Education
Network) study is a multicenter case-control investigation that
involves 15 sites in Ghana and Nigeria. The details of the
study protocol have been published elsewhere.’ Participants
who were 18 years and older with clinical (within 8 days of
current symptoms onset) and radiological evidence of stroke
were consecutively recruited. Using a pretested case report
form completed by trained research assistants and clinicians,
basic demographic and lifestyle data including ethnic origin of
the participants, socioeconomic status, and anthropometric
measurements were obtained. The current analysis was

restricted to 1020 participants with stroke who completed
echocardiographic assessment at baseline. We used validated
instruments such as the Stroke Levity Scale, modified Rankin
Scale (mRS), modified National Institute of Health Stroke
Scale (NIHSS), and Barthel Index to assess stroke outcome. In
this report, 30-day functional outcome was measured using
the mRS. Poor outcome was defined as an mRS >3. Lipid
profile and other clinical and laboratory information were
obtained according to the SIREN protocol.’

Metabolic syndrome was defined according to International
Diabetic Federation criteria by the presence of waist circum-
ference >94 cm in men and >80 cm in women and any 2 of
the following characteristics: triglycerides >150 mg/dL, high-
density lipoprotein cholesterol <40 mg/dL in men and
<50 mg/dL in women, blood pressure >130/85 mm Hg,
and fasting glucose >100 mg/dL.

Echocardiography

Experienced cardiologists at the participating centers per-
formed transthoracic echocardiographic examination of
patients in a partial left lateral decubitus position using
machines equipped with a 3.5-MHz transducer. Standard
echocardiographic measurements were obtained in accor-
dance with the guidelines of the American Society of
Echocardiography (ASE) and European Association of Cardio-
vascular Imaging. '® Two-dimensional guided M-mode echocar-
diograms were obtained according to the recommendations of
the committee on M-mode standardization of the ASE.'" Left
atrial end-systolic diameter was assessed from the trailing
edge of the posterior aortic—anterior left atrial complex.'%'?

LV mass was calculated using the formula of Devereux
and Reichek'*: LV mass=0.8{1.04 [(IVS+LVIDd+PWTd)?
—(LVIDd)®]}+0.6; where LVIDd=LV internal diameter in end
diastole, PWTd=LV posterior wall thickness in end diastole,
and [VSTd=interventricular septal wall thickness in end
diastole. Measurements from this closely related to autopsy
measurements (~=0.90)'> and showed good interobserver
reproducibility (p=0.93) in one study.'®

LV mass index (LVMI) was calculated by dividing the value
of LV mass by height to its allomeric growth rate of 2.7.'7:'8
The partition value of 51 g/height®” was used since this was
the only criterion that was demonstrated as the optimal
threshold value for LV hypertrophy in blacks irrespective of
sex in 2 previous studies.'?"?°

Relative wall thickness (RWT) was derived from 2 x poste-
rior wall thickness/LV end-diastolic internal diameter.
Increased RWT was considered to be present when RWT
exceeded 0.42. This represents the 97.5th percentile in
normal patients.?' LV geometry was stratified using LVMI and
RWT. Normal geometry was defined as normal LVMI and RWT,
concentric remodeling as normal LVMI and increased RWT,
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Table 1. Demographic and Clinical Characteristics According to Sex

Variables All Participants (N=1020) Men (n=608) Women (n=412) P Value
Mean age, y 59.2 (14.6) 59.0 (13.9) 59.6 (15.5) 0.473
Education, %

No formal education 15.3 7.5 26.6 0.001*

Primary 20.5 18.5 23.4

Secondary 27.5 28.7 25.6

Higher 36.7 45.2 244
Height, m 1.66 (0.08) 1.69 (0.07) 1.62 (0.074) 0.001*
Weight, kg 73.5 (14.4) 73.9 (13.5) 72.8 (15.6) 0.331
BMI, kg/m? 26.6 (5.26) 25.8 (4.66) 27.8 (5.87) 0.001*
Systolic BP, mean (SD), mm Hg 155.0 (30.06) 155.0 (29.8) 155.0 (30.5) 0.979
Diastolic BP, mean (SD), mm Hg 93.9 (18.3) 94.7 (18.8) 92.7 (17.4) 0.097
Hypertension, % 75.3 76 74.3 0.533
Diabetes mellitus, % 13 13 13.1 0.958
Dyslipidemia, % 60.2 59.7 60.9 0.696
Stroke type, %

Ischemic 80 77.9 83 0.049*

Hemorrhagic 20 22.1 17
Family history of stroke, % 19.4 20.1 18.3 0.463
Metabolic syndrome, % 42,5 29.8 61.5 <0.001*
Waist circumference, cm 90.2 (14.0) 88.8 (12.7) 92.3 (15.5) 0.0002*
Triglyceride, mg/dL 133.9 (96.7) 133.8 (96.6) 134.3 (97.0) 0.937
Total cholesterol, mg/dL 193.4 (52.3) 188.1 (56.8) 200.9 (62.0) 0.0015*
HDL cholesterol, mg/dL 50.3 (22.5) 48.7 (24.2) 52.6 (19.7) 0.022*
LDL cholesterol, mg/dL 121.0 (50.4) 117.1 (46.0) 126.4 (55.6) 0.0081*
Lipids ratio: total cholesterol/HDL cholesterol 4.46 (2.23) 4.58 (2.34) 4.29 (2.08) 0.091
Lipids ratio: total cholesterol/LDL cholesterol 1.75 (0.62) 1.76 (0.66) 1.75 (0.57) 0.799

BMI indicates body mass index; BP, blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein.

*P<0.05.

eccentric hypertrophy as increased LVMI and RWT <0.45, and
concentric hypertrophy as increased LVMI and RWT >0.45.

LV dimensions and systolic function (ejection fraction [EF]
and fractional shortening) were derived from 2-dimensional—
guided M-mode measurements and, where impossible as a
result of regional wall motion abnormalities, the modified
Simpson’s method was used in assessing LV systolic function.
The degree of LV systolic dysfunction has been classified
according to ASE guidelines as normal range (52 to 72), mildly
abnormal (41 to 51), moderately abnormal (30 to 40), and
severely abnormal (<30) for men, while normal range (54 to
74), mildly abnormal (41 to 53), moderately abnormal (30 to
40), and severely abnormal (<30) for women.?

We also assessed for presence of valvular dysfunction by
semiquantitative method according to international guide-
lines.?®?* Other abnormalities assessed for included presence

of pericardial effusion and interventricular and interatrial
abnormalities (asymmetric wall motion abnormalities, septal
defects, presence of patent foramen ovale, interatrial septal
aneurysm).

Measurements were obtained in up to 3 cardiac cycles
according to the ASE convention. '

Experienced cardiologists performed all echocardiography
in the various centers; intraobserver concordance correlation
coefficient and measurement error have been reported.?>%®

Data Management and Statistical Analysis

We reported mean and SD or median and interquartile range
(IOR) for continuous variables, and categorical variables were
summarized using counts and percentages. These descriptive
measures were reported by sex (male versus female) and stroke
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type (ischemic versus hemorrhagic). Comparisons between
these categories were performed using the 2-sample ¢ test for
continuous variables or Mann—Whitney U test depending on
whether the variable was symmetrical (normally distributed) or
not. Chi-square test was employed for categorical variables. To
explore the relationship between echocardiographic parame-
ters and 1-month disability and fatality, univariate and multi-
variable generalized linear models were fitted. In order to obtain
relative risk (RR), which is the appropriate measure for a
prospective study, a generalized linear model with binomial
distribution and log-link function was employed. Both unad-
justed RRs and adjusted RRs were computed and reported with
their corresponding 95% Cls. Predictive model was fitted
separately for 1-month disability and fatality using backward
selection with removal of P value set at 0.20. Goodness of fit of
the final model was assessed using residual analysis and
Hosmer-Lemeshow test. To assess the predictive power of the
fitted model, cross-validation was performed and area under
the receiver operating characteristic curve (AUC) was esti-
mated with its 95% CI.?’ Statistical significance was assessed at
a level of 0.05. Analysis was performed using Stata MP version
14 (StataCorp).?®

Ethical Approval

Ethical approval for the study was obtained from the joint
University of Ibadan/University College Hospital ethical
review committee as the primary site and institutional review
board of each other participating institution. Informed consent
was obtained from each participant.

Results

Clinical and Echocardiographic Characteristics of
the Study Population

A total of 1020 patients with stroke comprising 60% men with
mean age of 59.2+14.6 years were studied (Tables 1 and 2).
Women were heavier, with higher mean waist circumference
and total and low-density lipoprotein cholesterol levels. Forty-
three percent of the participants had metabolic syndrome,
with a female preponderance (61.5% versus 29.8%, P=0.001).
Compared with ischemic stroke, hemorrhagic stroke occurred
in younger ages, was more common in men, and was
associated with higher mean systolic blood pressure, diastolic
blood pressure, mean arterial pressure, and prevalence of
hypertension (86.3% versus 72.6%; P<0.001) Table 2.

LV Structure and Functions

Echocardiographic features varied across sex and stroke types
(Tables 3 and 4). Male participants had larger mean aortic root

Table 2. Clinical Characteristics According to Stroke Type

Hemorrhagic
Variables Ischemic (n=814) (n=204) P Value
Mean age, y 60.5 (14.7) 54.0 (13.0) <0.001*
Sex, %
Male 58.1 65.7 0.049*
Female 41.9 343
Education, %
No formal education | 11.9 11.2 0.09
Primary 18.8 19.2
Secondary 34.2 34.6
Higher 35.1 3541
Height, m 1.66 (0.078) 1.67 (0.087) | 0.5074
Weight, kg 73.2 (14.7) 74.9 (14.4) 0.2179
BMI, kg/m? 26.5 (5.28) 27.0 (5.57) 0.3346
Mean systolic 151.8 (29.2) 167.7 (29.1) | <0.001*
BP, mm Hg
Mean diastolic 91.6 (17.3) 102.7 (18.7) | <0.001*
BP, mm Hg
MAP, mm Hg 90.8 (21.7) 99.2 (22.1) <0.001*
PP, mean, mm Hg 60.2 (19.6) 65.0 (20.6) 0.0039*
Hypertension, % 72.6 86.3 <0.001*
Diabetes mellitus, % 13.8 9.8 0.133
Dyslipidemia, % 61.6 54.4 0.063

BMI indicates body mass index; BP, blood pressure; MAP, mean arterial pressure; PP,
pulse pressure.
*P<0.05.

diameter (P<0.0001), LV internal dimension at systole
(P<0.0377) and diastole (P<0.0001), and septal wall thickness
at systole (P=0.0007). A greater proportion of women than men
had left atrial enlargement (21.4% versus 16.6%; P=0.006).
Ischemic stroke was associated with smaller aortic root
diameter, septal and posterior wall thickness at systole, and
poorer LV systolic function. Spontaneous echo contrast and
abnormal wall motion abnormalities were more common among
patients with ischemic stroke. Over 90% of patients with stroke
had associated abnormal LV geometry with eccentric hyper-
trophy predominating. Abnormal LV geometry was worse in
men than women and patients with hemorrhagic versus
ischemic stroke.

Predictors of 1-Month Disability and Fatality

After adjusting for variables that had significant bivariate
association, age was an independent predictor of 1-month
disability and fatality (Tables 5 and 6). Patients 60 years
and older had a higher risk of having disability (adjusted RR,
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Table 3. Echocardiographic Parameters According to Sex

Variables, Mean (SD), mm All Participants (N=1020) Men (n=608) Women (n=412) P Value
Left atrial diameter 29.7 (20.3) 30.3 (23.5) 28.9 (14.2) 0.295
Aortic root diameter 30.6 (11.6) 31.9 (14.5) 28.5 (4.4) 0.000*
Aortic valvular opening 19.2 (7.3) 20.1 (8.8) 17.8 (3.6) 0.000*
LVID 44.0 (9.9) 45.8 (10.1) 41.4 (8.9) 0.000*
LVIDs 32.2 (29.1) 33.9 (33.2) 29.7 (21.2) 0.038*
IVSTD 14.6 (8.1) 14.9 (7.8) 14.2 (8.6) 0.198
IVSTS 17.3 (5.5) 17.8 (6.0) 16.5 (4.6) 0.000*
LVPWTD 14.5 (7.4) 14.6 (7.4) 14.3 (7.5) 0.668
LVPWTS 19.5 (11.5) 19.3 (10.2) 19.9 (13.3) 0.427
EF, % 62.2 (30.8) 61.2 (31.6) 63.6 (29.6) 0.234
FS, % 35.2 (24.0) 33.5(16.3) 37.8 (32.2) 0.007*
LVM, g 240.0 (108.3) 261.2 (113.7) 207.7 (90.5) 0.000*
LVM/height®” 61.6 (27.0) 64.5 (26.8) 57.1 (26.8) 0.000*
LVH, % 62.1 66.3 55.5 0.006*
LV wall motion abnormality, No. (%) 137 (15.4) 88 (16.5) 49 (13.8) 0.292
Pericardial effusion, No. (%) 83 (9.5) 5 (10.4) 28 (8.1) 0.252
Mitral valve disease, No. (%) 128 (12.6) 4 (13.8) 44 (10.7) 0.143
Aortic valve disease, No. (%) 97 (9.5) 4 (10.5) 33 (8.1) 0.184
Spontaneous echo contrast, No. (%) 58 (6.3) 43 (7.8) 15 (4.1) 0.022*
Intracardiac clots, No. (%) 11 (1.2 4 (0.7) 7(1.9 0.128
LV geometry, %

Normal 9.4 8.9 10.3 0.053*

Concentric remodeling 25.3 221 30.2

Concentric hypertrophy 9.1 10.6 6.9

Eccentric hypertrophy 56.1 58.4 52.7
LV systolic dysfunction, %

None 68.3 67.6 69.4. 0.362

Mild 20.7 19.9 22

Moderate 6.3 7.0 53

Severe 4.7 55 34
Left atrial enlargement, %

None 81.5 83.4 78.6 0.006

Mild 12.6 12.2 13.1

Moderate 39 35 4.3

Severe 2.1 0.9 4

EF indicates ejection fraction; FS, fractional shortening; IVSTD, interventricular septal thickness at end diastole; IVSTS, interventricular septal thickness at end systole; LV, left ventricular;
LVH, left ventricular hypertrophy; LVID, left internal dimension at diastole; LVIDs, left internal dimension at systole; LVM, left ventricular mass; LVPWTD, left ventricular posterior wall
thickness at diastole; LVPWTS, left ventricular posterior wall thickness at systole.

*P<0.05.

1.42; 95% Cl, 1.06—1.88) and fatality (adjusted RR, 1.84; school education was protective, hypertension (unadjusted
95% Cl, 1.06-3.18) compared with younger patients. RR: 1.27; 95% Cl, 1.00-1.62) and LV posterior wall
Women were more likely to have functional disability thickness were associated with disability (unadjusted RR,
(unadjusted RR 1.26; 95% Cl, 1.05-1.51). While secondary 1.08; 95% ClI, 1.07-1.069).
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Table 4. Echocardiographic Parameters According to Stroke Type

Hemorrhagic

Variables, Mean (SD), mm Ischemic (n=814) (n=204) P Values
Left atrial diameter 29.5 (13.1) 29.9 (14.9) 0.991
Aortic root diameter 30.2 (7.2) 32.5 (22.7) 0.018*
Aortic valvular opening 18.9 (4.1) 19.0 (4.3) 0.805
LVID 442 9.9) 42,6 (10.2) 0.062
LVIDs 325 (30.9) 29.9 (22.9) 0.292
IVSTD 14.4 8.2) 15.4 (7.8) 0.192
IVSTS 16.8 (5.3) 19.1 (5.4) 0.000*
LVPWTD 14.2 (7.7) 14.8 (4.7) 0.2663
LVPWTS 18.9 (11.9) 21.5 (10.4) 0.004*
EF, % 59.7 (15.6) 62.9 (15.4) 0.009*
FS, % 329 (11.3) 35.0 (11.4) 0.029*
LVM, g 236.5 (106.7) 254.7 (113.9) 0.059
LVM/height?” 60.6 (26.5) 65.4 (28.6) 0.063
LVH, % 61.1 65.4 0.356
Wall motion abnormality, No. (%) 107 (15.1) 30 (16.8) 0.576
Pericardial effusion, No. (%) 66 (9.4) 17 (10.1) 0.759
Mitral valve disease, No. (%) 107 (13.1) 21 (10.3) 0.282
Aortic valve disease, No. (%) 79 9.7) 18 (8.9) 0.716
Spontaneous echo contrast, No. (%) 37 (5.0 21 (11.4) 0.002*
Intracardiac clots, No. (%) 9 (1.2 2(1.1) 0.614
LV geometry, %

Normal 10.6 5 0.015*

Concentric remodeling 25.1 25.9

Concentric hypertrophy 10.4 4.3

Eccentric hypertrophy 53.9 64.8
LV systolic dysfunction, %

None 67.8 70.8 0.741

Mild 20.7 20.8

Moderate 6.6 4.9

Severe 49 35

EF indicates ejection fraction; FS, fractional shortening; IVSTD, interventricular septal thickness at end diastole; IVSTS, interventricular septal thickness at end systole; LV, left ventricular;
LVH, left ventricular hypertrophy; LVID, left internal dimension at diastole; LVIDs, left internal dimension at systole; LVM, left ventricular mass; LVPWTD, left ventricular posterior wall

thickness at diastole; LVPWTS, left ventricular posterior wall thickness at systole.
*P<0.05.

Abnormal LV geometry was weakly associated with
disability, with concentric hypertrophy having the strongest
effect size (unadjusted RR, 1.80; 95% Cl, 0.97-5.73). After
cross-validation, the AUC for disability was 0.58 (95% ClI,
0.52-0.64). Severe LV systolic dysfunction was associated
with 1-month mortality (unadjusted RR, 3.05; 95% CI, 1.36—
6.83). The AUC obtained from cross-validation was 0.56 (95%
Cl, 0.52-0.64).

Discussion

This study demonstrated the clinical risk factor profile
for stroke as earlier reported.?”*° Low LVEF, sex, and
age were independently associated with poor stroke
outcome.

LV systolic dysfunction as defined by low EF has been
shown in several studies to be a strong determinant of stroke
outcome.®' This study revealed that the risk of fatality at
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Table 5. Clinical Features Associated With 1-Month Disability

Unadjusted Risk

Estimates Adjusted Risk Estimates
Variables Good mRS, (n=—626), % | Poor mRS (n=394), % | RR 95% Cl P Value | RR 95% Cl P Value
Age (mean), y 57.7 (13.9) 62.4 (14.4) 1.01 | 1.01-1.02 | <0.0001
Age >60 y 45.1 59.4 143 | 1.18-7.73 | <0.0001 | 1.42 | 1.06-1.88 | 0.017*
Sex
Male 61.7 52.5
Female 38.3 475 1.26 | 1.05-1.51 | 0.015* 1.05 | 0.80-1.39 | 0.720
Education
No formal education 12.6 16.4 1.00 1.00
Primary 15.3 247 1.12 | 0.85-1.47 | 0.420 0.91 | 0.62-1.33 | 0.622
Secondary 30.8 23.6 0.72 | 0.54-0.97 | 0.030* 0.65 | 0.42-0.99 | 0.046*
Higher 41.3 35.3 0.78 | 059-1.02 0.068 0.77 | 0.53-1.11 | 0.163
Hypertension 73 79.7 1.27 | 1.00-1.62 | 0.047* 1.22 | 0.87-1.71 | 0.246
Diabetes mellitus 14.3 9.8 0.76 | 055-1.06 0.107
Dyslipidemia 62.5 67 113 | 0.93-1.38 0.216
BMI 26.8 (5.19) 26.5 (5.41) 0.99 | 0.97-1.01 0.425
Echo parameters
Left atrial diameter 3.07 (2.68) 3.01 (1.26) 0.99 | 0.95-1.04 0.808
Aortic root diameter 3.05 (0.76) 3.00 (0.54) 0.93 | 0.79-1.10 | 0.403
Aortic valvular opening, cm | 1.99 (0.99) 1.90 (0.47) 0.85 | 0.65-1.12 0.261
LVID 4.44 (0.95) 4.32 (1.06) 0.91 | 0.82-1.01 0.082 0.99 | 0.75-1.31 | 0.977
LVIDs 3.18 (1.78) 3.35 (4.65) 1.02 | 1.01-1.02 | <0.0001 | 0.97 | 0.75-1.24 | 0.789
IVSTD 1.45 (0.98) 1.43 (0.58) 0.98 | 0.86-1.13 | 0.828
IVSTS 1.66 (0.57) 1.69 (0.56) 1.06 | 0.88-1.26 | 0.549
LVPWTD 1.43 (0.81) 1.53 (0.76) 1.07 | 0.97-1.18 | 00.189
LVPWTS 1.88 (1.04) 2.17 (1.62) 1.08 | 1.07-1.069 | 0.010* 111 | 1.07-1.15 | <0.001*
EF, % 63.0 (27.3) 61.9 (34.7) 0.99 | 0.99-1.00 | 1.00
EF <50% 16.9 20.4 1.15 | 0.91-1.44 | 0.248
FS, % 34.0 (11.4) 36.2 (28.6) 1.00 | 0.98-1.01 0.989
LVM indexed by height 2445 (107.8) 237.9 (108.2) 0.99 | 0.99-1.01 0.800
Abnormal LVM 63.6 63.0 0.98 | 0.72-1.34 | 0.915
LV geometry
Normal 14 7.7 1.00 1.00
Concentric remodeling 235 26.8 1.66 | 0.98-2.82 0.062 1.35 | 0.74-2.47 | 0.325
Concentric hypertrophy 7.3 9.5 1.80 | 0.97-5.73 0.058 1.77 | 0.89-3.52 | 0.103
Eccentric hypertrophy 55.2 56 1.54 | 0.94-356 | 0.095 1.48 | 0.86-2.55 | 0.158
LV systolic dysfunction
None 72.8 69.1 1.00
Mild 18.6 20.7 1.17 | 0.92-1.48 | 0.207
Moderate 5.7 6 1.11 | 0.81-1.52 | 0.529
Severe 3 42 1.30 | 0.80-2.12 | 0.292

BMI indicates body mass index; EF, ejection fraction; FS, fractional shortening; IVSTD, interventricular septal thickness at end diastole; IVSTS, interventricular septal thickness at end
systole; LV, left ventricular; LVID, left internal dimension at diastole; LVIDs, left internal dimension at systole; LVM, left ventricular mass; LVPWTD, left ventricular posterior wall thickness at
diastole; LVPWTS, left ventricular posterior wall thickness at systole; mRS, modified Rankin Scale; RR, relative risk.

*P<0.05.
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Table 6. Clinical Characteristics by 1-Month Fatality

No Fatality (n=926) Fatality (n=94) Unadjusted Risk Estimates Adjusted Risk Estimates
Variables % % RR 95% ClI P Value RR 95% ClI P Value
Age, mean, y 59.0 (14.2) 64.2 (14.3) 1.02 1.01-1.04 0.005*
Age >60 y 49.3 63.6 1.71 1.06-2.76 0.029* 1.84 1.06-3.18 0.029*
Sex
Male 58.6 54.6
Female 41.4 45.4 1.16 0.73-1.84 0.530
Education
No formal education 13.9 15.2 1.00
Primary 18.6 22.7 1.11 0.52-2.37 0.785
Secondary 279 30.3 1.00 0.49-2.05 1.000
Higher 39.6 31.8 0.76 0.37-1.55 0.449
Hypertension 75 80.3 1.32 0.74 to 2.36 0.348
Diabetes mellitus 12.6 10.6 0.83 0.39-1.77 0.637
Dyslipidemia 63.8 68.2 1.20 0.73-1.96 0.480
BMI 26.6 (5.3) 27.8 (4.9) 1.03 0.98-1.09 0.194
Echo parameters, mean (SD)
Left atrial diameter 3.03 (2.33) 3.21 (0.96) 1.02 0.95-1.09 0.600
Aortic root diameter 3.03 (0.69) 3.04 (0.55) 1.02 0.75-1.39 0.894
Aortic valvular opening 1.97 (0.88) 1.88 (0.39) 0.76 0.39-1.45 0.402
LVID 4.42 (0.96) 4.21 (1.20) 0.81 0.64-1.03 0.088 0.88 0.67-1.14 0.336
LVIDs 3.14 (1.59) 4.22 (9.13) 1.04 1.03-1.04 <0.001 1.01 0.99-1.03 0.394
IVSTD 1.44 (0.86) 1.55 (0.86) 1.09 0.89-1.35 0.384
IVSTS 1.67 (0.55) 1.69 (0.71) 1.09 0.72-1.65 0.687
LVPWTD 1.46 (0.81) 1.48 (0.59) 1.03 0.77-1.36 0.850
LVPWTS 1.98 (1.30) 2.13 (1.34) 1.06 0.92-1.23 0.412
EF, % 61.5 (15.3) 57.9 (15.6) 0.99 0.97-1.00 0.060 0.98 0.94-1.01 0.228
EF <50% 17.5 25.8 1.56 0.92-2.67 0.102
FS, % 34.0 (11.4) 31.9 (12.1) 0.98 0.96-1.01 0.154
LVM indexed by height 62.7 (28.8) 55.9 (24.7) 1.00 0.97-1.01 0.520
Abnormal LVM 63.8 58.3 0.81 0.37-1.76 0.594
LV geometry
Normal 12.3 6.7 1.00
Concentric remodeling 24.4 26.7 1.92 0.56-6.52 0.298
Concentric hypertrophy 8 8.9 1.95 0.46-8.22 0.364
Eccentric hypertrophy 55.3 57.8 1.84 0.58-5.88 0.302
LV systolic dysfunction
None 722 93 1.00 1.00
Mild 19.3 20.4 0.77 0.37-1.60 0.488 0.56 0.20-1.38 0.191
Moderate 5.6 7.4 1.38 0.68-2.82 0.372 0.71 0.20-2.49 0.589
Severe 2.8 9.3 3.05 1.36-6.83 0.007* 0.96 0.16-5.75 0.968
Left atrial enlargement 19.9 14.3 0.69 0.35-1.36 0.288

HOYVISHY TYNIDIYO

EF indicates ejection fraction; FS, fractional shortening; IVSTD, interventricular septal thickness at end diastole; IVSTS, interventricular septal thickness at end systole; LV, left ventricular;
LVID, left internal dimension at diastole; LVIDs, left internal dimension at systole; LVM, left ventricular mass; LVPWTD, left ventricular posterior wall thickness at diastole; LVPWTS, left
ventricular posterior wall thickness at systole; RR, relative risk.

*P<0.05.
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1 month was significantly higher at lower EFs. While some
studies have shown significant association with low EF and
poor clinical outcome, especially in cardioembolic stroke,
others have shown that the association is merely a reflection
of old age, increasing cardiac comorbidities, and more severe
clinical presentation than the EF alone.®”*® Similar to our
findings, Wira et al*' reported higher in-hospital mortality
rates in patients with stroke with LVEF <50%. The higher
mortality rate may be a result of loss of intrinsic cerebral
vascular autoregulation, making cerebral blood flow depen-
dent on cardiac function, which, if poor, will result in reduced
cerebral blood flow and poorer outcome.

While findings of association between low EF and worse
stroke outcome have been consistent, there are conflicting
reports with regard to the predictive accuracy of low EF and
mortality. In this study, low EF was associated with 1-month
fatality, with an AUC of 0.56, which is not strong.>* Similarly
in the ASTRAL (Acute Stroke Registry and Analysis of
Lausanne) study, despite an increased rate of morbidity and
death among patients with stroke with low EF, the AUC was
0.50.% In some studies, predictive accuracy of low EF was
only improved when combined with the NIHSS and lipid
disorders.®>*¢ Nevertheless, early detection and management
of patients with stroke with low EF through routine echocar-
diography and aggressive treatment of LV dysfunction in
patients with acute stroke may improve post-stroke morbidity
and death and prevent stroke recurrence.

The reasons for sex differences in stroke outcomes remain
unclear. In this study, men were more prone to functional
disability with no difference in mortality at 1 month. This
differs from findings from the Fukuoka Stroke Registry in
Japan, where women older than 70 years were more prone to
poor functional disability but no difference was seen in those
younger than 70 years.®” The reason for worse outcome
among men in our study may be partly caused by higher
frequency of LV systolic dysfunction among men. In addition,
this disparity may be the result of the sex-specific association,
with major cardiovascular risk factors similarly reported in
other studies38’3°; hormonal influences; and the effect of Y
chromosome on cardiovascular diseases.*

Elderly patients experiencing stroke generally have poor
functional outcomes afterwards.*’ Our finding of increased
risk of functional disability and death among patients older
than 60 years was not surprising. Elderly patients were more
prone to having atrial fibrillation and poor cardiac function, as
well as having a high likelihood comorbid conditions.*? In
another study, biological rather than chronological age was a
better predictor of worse stroke outcome.*® Biological age can
be modified by lifestyle and dietary practices such as
consumption of green leafy vegetables, which demonstrated
a strong protective effect against stroke occurrence and
severe stroke.?’

The clinical significance of LV geometry has been explored in
many populations.** Despite the increased risk of stroke in the
presence of abnormal LV geometry, information on the
prognostic implications of LV geometry in patients with
ischemic stroke is scanty. This study provides the first data
among indigenous Africans on the prognostic role of LV
geometric pattern in acute stroke. Over 90% of our study
participants had associated abnormal LV geometry with
eccentric hypertrophy predominating. Contrary to earlier
reports, abnormal LV geometry demonstrated in this study
was not associated with worse stroke outcome.*>*¢ Similar to
the current study findings, Field et al*’ in the SPS3 (Secondary
Prevention of Small Subcortical Strokes) trial showed that 70%
of the participants with lacunar stroke had abnormal LV
geometry with no significant association with worse stroke
outcome. The reasons for this discrepancy may be a result of
our small sample size and short follow-up duration.

Strengths, Limitations, and Future Direction

To the best of our knowledge, this is the largest echocardio-
graphic study among indigenous African patients with stroke
ever reported.? We provide evidence that LV systolic
dysfunction on baseline echocardiography is associated with
1-month outcome in this population. We could not establish
whether these factors were independent predictors of
outcome because of low predictive accuracy for low EF and
abnormal LV geometry (AUC 0.56 and 0.58, respectively).
Larger studies are required to establish their independent
effects and investigate mediators of such an effect. However,
aggressive management of LV systolic dysfunction and abnor-
mal geometry by cardiologists and stroke experts may improve
stroke outcome among the identified at-risk population.

A limitation of our study is our inability to assess diastolic
function because of incomplete tissue Doppler imaging data.
Follow-up echocardiography was not obtained in order to
document whether the abnormalities were transient.

Given the observed association of age, male sex, low EF,
and abnormal geometry with worse outcome, coupled with
our earlier reported ECG determinants of stroke outcome,*®
we plan to develop a post-stroke outcome prediction tool that
will be validated for use in people of African ancestry.

Conclusions

This study demonstrated strong relationships between
echocardiographic data and stroke outcome. LV systolic
dysfunction may be a useful determinant of outcome in acute
stroke among indigenous Africans. Routine echocardiographic
diagnosis and management of cardiac dysfunction during
acute stroke may be helpful in preventing worse outcome.
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Larger longitudinal studies are required for confirmation of
these findings.

Sources of Funding

This work is supported by the National Institutes of Health and
National Institute of Neurological Disorders and Stroke (grant
U54HG007479).

Disclosures

None.

References

1.

Feigin VL, Forouzanfar MH, Krishnamurthi R, Mensah GA, Connor M, Bennett
DA, Moran AE, Sacco RL, Anderson L, Truelsen T. Global and regional burden
of stroke during 1990-2010: findings from the Global Burden of Disease Study
2010. Lancet. 2014;383:245-255.

. Owolabi MO, Akarolo-Anthony S, Akinyemi R, Arnett D, Gebregziabher M,

Jenkins C, Tiwari H, Arulogun O, Akpalu A, Sarfo FS, Obiako R, Owolabi L,
Sagoe K, Melikam S, Adeoye AM, Lackland D, Ovbiagele B. The burden of
stroke in Africa: a glance at the present and a glimpse into the future.
Cardiovasc J Afr. 2015;26:S27-S38.

. Adams HP, Bendixen BH, Kappelle LJ, Biller J, Love BB, Gordon DL, Marsh EE III.

Classification of subtype of acute ischemic stroke. Definitions for use in a
multicenter clinical trial. TOAST. Trial of Org 10172 in Acute Stroke Treatment.
Stroke. 1993;24:35-41.

. Kistler JP. The risk of embolic stroke—another piece of the puzzle. N Engl J

Med. 1994;331:1517-1519.

. Albers GW, Amarenco P, Easton JD, Sacco RL, Teal P. Antithrombotic and

thrombolytic therapy for ischemic stroke. Chest. 2001;119:300S-320S.

. de Abreu TT, Mateus S, Correia J. Therapy implications of transthoracic

echocardiography in acute ischemic stroke patients. Stroke. 2005;36:1565—
1566.

. Barnes ME, Miyasaka Y, Seward JB, Gersh BJ, Rosales AG, Bailey KR, Petty GW,

Wiebers DO, Tsang TS. Left atrial volume in the prediction of first ischemic
stroke in an elderly cohort without atrial fibrillation. Mayo Clin Proc.
2004,79:1008-1014.

. Powers WJ, Rabinstein AA, Ackerson T, Adeoye OM, Bambakidis NC, Becker K,

Biller J, Brown M, Demaerschalk BM, Hoh B. 2018 Guidelines for the early
management of patients with acute ischemic stroke: a guideline for healthcare
professionals from the American Heart Association/American Stroke Associ-
ation. Stroke. 2018;49:e46—e110.

. Akpalu A, Sarfo FS, Ovbiagele B, Akinyemi R, Gebregziabher M, Obiako R,

Owolabi L, Sagoe K, Jenkins C, Arulogun O. Phenotyping stroke in sub-Saharan
Africa: stroke investigative research and education network (SIREN) phe-
nomics protocol. Neuroepidemiology. 2015;45:73-82.

. Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Ernande L,

Flachskampf FA, Foster E, Goldstein SA, Kuznetsova T. Recommendations
for cardiac chamber quantification by echocardiography in adults: an update
from the American Society of Echocardiography and the European Association
of Cardiovascular Imaging. Eur Heart ] Cardiovasc Imaging. 2015;16:233-271.

. Sahn DJ, DeMaria A, Kisslo J, Weyman A. Recommendations regarding

quantitation in M-mode echocardiography. Results of a survey of echocardio-
graphic measurements. Circulation. 1978;56:1072—1083.

. Lester SJ, Ryan EW, Schiller NB, Foster E. Best method in clinical practice and

in research studies to determine left atrial size. Am J Cardiol. 1999;84:829—
832.

. Thomas L, Levett K, Boyd A, Leung DY, Schiller NB, Ross DL. Compensatory

changes in atrial volumes with normal aging: is atrial enlargement inevitable? /
Am Coll Cardiol. 2002;40:1630-1635.

. Devereux RB, Reichek N. Echocardiographic determination of left ventricular

mass in man. Anatomic validation of the method. Circulation. 1977;5:613—-618.

. Devereux RB, Alonso DR, Lutas EM, Gottlieb GJ, Campo E, Sachs I, Reichek N.

Echocardiographic assessment of left ventricular hypertrophy: comparison to
necropsy findings. Am J Cardiol. 1986;57:450-458.

6

20.

21.

22.

23.

24,

25.

26.

27.

28.
29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

. Palmieri V, Dahlof B, De Quattro V, Sharpe N, Bella JN, de Simone G, Paranicas
M, Fishman D, Devereux RB. Reliability of echocardiographic assessment of
left ventricular structure and function. The PRESERVE study. / Am Coll Cardiol.
1999;34:1625-1632.

. de Simone G, Daniels SR, Devereux RB, Meyer RA, Roman MJ, de Divitiis O,
Alderman MH. Left ventricular mass and body size in normotensive children
and adults: assessment of allometric relations and impact of overweight. / Am
Coll Cardiol. 1992;20:1251-1260.

. de Simone G, Devereux RB, Daniels SR, Koren MJ, Meyer RA, Laragh JH. Effect
of growth on variability of left ventricular mass: assessment of allometric
signals in adults and children and their capacity to predict cardiovascular risk.
J Am Coll Cardiol. 1995;25:1056—1062.

. Nunez E, Arnett DK, Benjamin EJ, Liebson PR, Skelton TN, Taylor H, Andrew M.
Optimal threshold value for left ventricular hypertrophy in blacks: the
Atherosclerosis Risk in Communities Study. Hypertension. 2005;45:58—63.

Adebiyi AA, Ogah OS, Aje A, Ojji DB, Adebayo AK, Oladapo OO, Falase AO.
Echocardiographic partition values and prevalence of left ventricular hyper-
trophy in hypertensive Nigerians. BMC Med Imaging. 2006;6:10.

Roman M]J, Pickering TG, Schwartz JE, Pini R, Devereux RB. Association of
carotid atherosclerosis and left ventricular hypertrophy. / Am Coll Cardiol.
1995;25:83-90.

Lang RM, Bierig M, Devereux RB, Flachskampf FA, Foster E, Pellikka PA, Picard
MH, Roman M), Seward J, Shanewise J. Recommendations for chamber
quantification. Eur Heart J Cardiovasc Imaging. 2006;7:79—108.

Baumgartner H, Hung J, Bermejo J, Chambers JB, Evangelista A, Griffin BP, lung
B, Otto CM, Pellikka PA, Quinones M. Echocardiographic assessment of valve
stenosis: EAE/ASE recommendations for clinical practice. / Am Soc Echocar-
diogr. 2009;22:1-23.

Lancellotti P, Tribouilloy C, Hagendorff A, Moura L, Popescu BA, Monin JL,
Pierard LA, Badano L, Zamorano JL, Sicari R. European Association of
Echocardiography recommendations for the assessment of valvular regurgi-
tation. Part 1: aortic and pulmonary regurgitation (native valve disease). Eur
Heart J Cardiovasc Imaging. 2010;11:223-244.

Ogah OS, Adebanjo AT, Otukoya AS, Jagusa TJ. Echocardiography in Nigeria:
use, problems, reproducibility and potentials. Cardiovasc Ultrasound.
2006;4:13.

Adebiyi AA, Aje A, Ogah OS, Ojji DB, Oladapo 0O, Dada A, Falase AO.
Correlates of left atrial size in Nigerian hypertensives: cardiovascular topic.
Cardiovasc | S Afr. 2005;16:158-161.

Luque-Fernandez MA, Maringe C, Nelson P. CVAUROC: Stata module to
compute cross-validated area under the curve for ROC analysis after predictive
modelling for binary outcomes. 2017.

StataCorp L. Stata treatment-effects reference manual. 2015.

Owolabi MO, Sarfo F, Akinyemi R, Gebregziabher M, Akpa O, Akpalu A, Wahab
K, Obiako R, Owolabi L, Ovbiagele B. Dominant modifiable risk factors for
stroke in Ghana and Nigeria (SIREN): a case-control study. Lancet Glob Health.
2018;6:e436—e446.

Adeoye AM, Ovbiagele B, Kolo P, Appiah L, Aje A, Adebayo O, Sarfo F,
Akinyemi J, Adekunle G, Agyekum F. Exploring overlaps between the genomic
and environmental determinants of LVH and stroke: a multicenter study in
West Africa. Glob Heart. 2017;12:107—-113.

Wira CR lll, Rivers E, Martinez-Capolino C, Silver B, lyer G, Sherwin R,
Lewandowski C. Cardiac complications in acute ischemic stroke. West J Emerg
Med. 2011;12:414.

Bym J, Jung K, Kim Y, Kim J, Roh J. Cardiac function and outcome in patients
with cardioembolic stroke. PLoS One. 2014;9:95277.

Milionis H, Faouzi M, Cordier M, D’Ambrogio-Remillard S, Eskandari A, Michel
P. Characteristics and early and long-term outcome in patients with acute
ischemic stroke and low ejection fraction. Int J Cardiol. 2013;168:
1082-1087.

Seshan VE, Gonen M, Begg CB. Comparing ROC curves derived from
regression models. Stat Med. 2013;32:1483-1493.

Wouters A, Nysten C, Thijs V, Lemmens R. Prediction of outcome in patients
with acute ischemic stroke based on initial severity and improvement in the
first 24 h. Front Neurol. 2018;9:308.

Fidha Rahmayani P, Setyopranoto I. The role of ejection fraction to clinical
outcome of acute ischemic stroke patients. / MNeurosci Rural Pract.
2018;9:197.

Irie F, Kamouchi M, Hata J, Matsuo R, Wakisaka Y, Kuroda J, Ago T, Kitazono T.
Sex differences in short-term outcomes after acute ischemic stroke: the
Fukuoka Stroke Registry. Stroke. 2015;46:471-476.

McSweeney J, Pettey C, Lefler LL, Heo S. Disparities in heart failure and other
cardiovascular diseases among women. Womens Health (Lond). 2012;8:473—
485.

DOI: 10.1161/JAHA.118.010814

Journal of the American Heart Association 10

HDOYVHASHY TVYNIDIYO



6T0Z ‘7 3aunc uo Aq Bio'sfeulnofeyey/:dny woly papeojumoq

Echocardiographic Predictors of Stroke Outcome

39.

40.

41.

42.

43.

Adeoye et al

Jarvie JL, Foody JM. Recognizing and improving health care disparities in the
prevention of cardiovascular disease in women. Curr Cardiol Rep.
2010;12:488-496.

Charchar FJ, Bloomer LD, Barnes TA, Cowley MJ, Nelson CP, Wang Y, Denniff
M, Debiec R, Christofidou P, Nankervis S. Inheritance of coronary artery
disease in men: an analysis of the role of the Y chromosome. Lancet.
2012;379:915-922.

Wang T, Li B, Gu H, Lou Y, Ning X, Wang J, An Z. Effect of age on long-term
outcomes after stroke with atrial fibrillation: a hospital-based follow-up study
in China. Oncotarget. 2017;8:53684.

Silver FL, Norris JW, Lewis AJ, Hachinski VC. Early mortality following stroke: a
prospective review. Stroke. 1984;15:492-496.

Soriano-Téarraga C, Giralt-Steinhauer E, Mola-Caminal M, Ois A, Rodriguez-
Campello A, Cuadrado-Godia E, Fernandez-Cadenas I, Cullell N, Roquer J,
Jiménez-Conde J. Biological age is a predictor of mortality in ischemic stroke.
Sci Rep. 2018;8:4148.

44

45.

46.

47.

48.

. Kim AS, Johnston SC. Global variation in the relative burden of stroke and
ischemic heart disease. Circulation. 2011;124:314-323.

Wang S, Xue H, Zou Y, Sun K, Fu C, Wang H, Hui R. Left ventricular
hypertrophy, abnormal ventricular geometry and relative wall thickness are
associated with increased risk of stroke in hypertensive patients among the
Han Chinese. Hypertens Res. 2014;37:870-874.

Di Tullio MR, Zwas DR, Sacco RL, Sciacca RR, Homma S. Left ventricular mass
and geometry and the risk of ischemic stroke. Stroke. 2003;34:2380-2384.

Field TS, Pearce LA, Asinger RW, Smyth NG, De SK, Hart RG, Benavente OR.
Left ventricular geometry on transthoracic echocardiogram and prognosis
after lacunar stroke: the SPS3 trial. / Stroke Cerebrovasc Dis. 2015;24:1423—
1429.

Adeoye AM, Ogah OS, Ovbiagele B, Akinyemi R, Shidali V, Agyekum F, Aje A,
Adebayo O, Akinyemi JO, Kolo P. Prevalence and prognostic features of ECG
abnormalities in acute stroke: findings from the SIREN study among Africans.
Glob Heart. 2017;12:99-105.

DOI: 10.1161/JAHA.118.010814

Journal of the American Heart Association 1

HDOYVIASHY TVYNIDIYO



