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Background and Aims: The etiological investigation of the potential cardiac source of acute ischemic stroke is important for the
secondary prevention of recurrent and future embolization. Transthoracic echocardiography is one of the most useful investigations for
the assessment of the potential cardiac etiology of ischemic stroke. Our aim is to evaluate echocardiographic findings in patients with
acute ischemic stroke admitted to a tertiary care hospital in Mogadishu, Somalia.

Methods: This was a retrospective observational study conducted in the neurology department of a tertiary care hospital in
Mogadishu, Somalia. We enrolled 315 patients with acute ischemic stroke admitted to the hospital who had undergone transthoracic
echocardiography between March 2019 and March 2022. We analyzed transthoracic echocardiography findings, ischemic stroke
subtypes, and their associated comorbidities. We also compared the demographic data, comorbidity, and survival status of patients with
abnormal echo findings to those with normal echo findings.

Findings: The mean age of patients was 62412 years. Co-morbidities were present in about 251 (80%) of the subjects, hypertension
was the most common comorbidity 99 (31.4%), followed by diabetes 72 (23%), and hyperlipidemia 37 (11.7%). Overall cardiac
pathology in this study was 170 (54%). Forty-seven (15%) of the patients had low ejection fraction on transthoracic echocardiography.
Male patients had slightly less left ventricular systolic dysfunction than female patients. 100 (32%) had left ventricular diastolic
dysfunction (LVDD), while 113 (36%) had left ventricular hypertrophy (LVH). Patients with hypertension and diabetes had more echo
abnormalities compared to others (P-values of 0.047 and 0.024, respectively). More abnormal echo findings were seen in patients who
died during hospitalization than in those who survived (P = 0.008). Severe left ventricular systolic dysfunction was associated with
higher mortality (P < 0.001).

Conclusion: Most patients with stroke in this study had abnormal echocardiograms; however, only a few had cardioembolic strokes.
Abnormalities in echocardiography were more common in patients who died during hospitalization than in those who survived.
Keywords: acute ischemic stroke, cardiac dysfunction, echocardiography

Introduction
Stroke causes significant mortality and morbidity worldwide and is the third-largest cause of mortality in the developed
world. Ischemic stroke represents 85% of all forms of stroke.' Cardiovascular abnormalities are common in patients with
acute ischemic stroke, and they are one of the main causes of stroke mortality. Cardiac abnormalities can cause an acute
ischemic stroke through an embolic event.?

Transthoracic echocardiography (TTE) is a useful tool that can be used to diagnose cardiac disorders that may have
caused embolism, such as apical hypokinesia, atrial or ventricular thrombus, atrial fibrillation, and heart failure.>™ These
conditions can be managed to prevent cerebrovascular disorders (CVDs) and reduce morbidity and mortality.
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Transthoracic echocardiography can also be used to diagnose other etiologies of stroke that may need intervention,
including patent foramen ovale, atrial septal defect, atrial myxoma, and infective endocarditis.*” Reduced left ventricular
ejection fraction and left ventricular diastolic dysfunction are known risk factors for cerebrovascular disorders in patients
with acute ischemic stroke.®” When a patient with an acute ischemic stroke (AIS) is first admitted, a transthoracic
echocardiography evaluation should be performed to identify the possibility of a cardiac source of embolism as the cause
of the ischemic stroke. Early recognition and treatment of risk factors for future CVD after acute ischemic stroke is
clinically essential for enhancing the patient’s prognosis and also preventing future risks of CVD.'® Since TTE is
noninvasive and gives detailed information on the structures and functioning of the heart, it should be used for risk
stratification in patients with AIS to prevent possible future CVDs.

Our study’s goal is to analyze the echocardiographic results of AIS patients who were admitted to the neurology
department of our hospital in order to ascertain how frequently potential pathologic cardiac findings were seen on
transthoracic echocardiogram for secondary stroke prevention as well as to pinpoint circumstances in which echocardio-
graphy may be highly or minimally useful.

Methodology

The study was a retrospective observational study conducted in the neurology department of Mogadishu-Somalia Turkish
Training and Research Hospital. The study focused on the assessment of echocardiographic findings in patients with
acute ischemic stroke admitted to the neurology ward and intensive care unit. The data was retrieved from the electronic
records of patients admitted to the neurology department due to an acute ischemic stroke. Patients with acute ischemic
stroke who had undergone transthoracic echocardiography from March 2019 to March 2022 were enrolled.

Acute ischemic stroke was defined according to the International Diagnostic Criteria:'' development of new-onset
lateralizing/focal neurologic signs or changes in mental status; identification of acute lateralizing/focal neurologic deficits
by consultant neurologists, and neuroimaging evidence of acute ischemic stroke (non-contrast brain CT, or brain MRI
including diffusion sequences) within 48 hours of neurologic deficits. Stroke severity was assessed using the NIHSS
score (National Institute of Health Stroke Scale). Anatomic locations of infarct were classified into middle cerebral artery
(MCA) territory, anterior cerebral artery (ACA) territory, vertebrobasilar territory, and lacunar infarct (based on clinical/
radiological assessment). A total of 315 patients diagnosed with acute ischemic stroke admitted to the neurology
department had undergone transthoracic echocardiography within 24 hours of admission.

Two of the authors (M.S.H. and M.M.W.) retrieved the following data from the patients’ medical records: demo-
graphic data of the patients, including age and gender, ischemic stroke subtype and severity, admission status; and
intrahospital mortality. The retrieved data also included history of previous ischemic stroke or transient ischemic attacks,
prior history of atrial fibrillation, medication history, discharge summary, and echocardiogram findings (atrial diameter,
left ventricular functional status, LVID (ed), valvular abnormalities, LVID (es), intra-atrial and intraventricular wall
pathologies, presence of pulmonary hypertension, pericardial thickness and effusion, LVDD, LVH, presence of wall
motion abnormality, and presence of intracardiac thrombus).

The patients were divided into those with segmental contractility abnormalities (patients with present vs absent
contractility dysfunction), ejection fraction (EF) <40% Vs >40%, left atrial size (LA < 40 mm vs > 40 mm), left
ventricular end-diastolic dimension (EDD 56 mm vs 56 mm), mitral regurgitation severity (MR 2-3), mitral stenosis
severity (mild, moderate, and severe), aortic stenosis severity (mild, moderate, and severe), aortic regurgitation (AR1-3),
LVDD (normal, grade 1-3) and LVH (mild, moderate, and severe).

According to American Society of Echocardiography guidelines, LV measures were taken at end-diastole and end-systole,
and each parameter’s value was averaged across three cardiac cycles. The ventricular septal thickness at end-diastole (VSTd),
LV internal diameter at end-diastole (LVTDd) and end-systole, and the posterior wall thickness at end-diastole (PWTd)
parameters were evaluated.'? The transmitral Doppler flow velocities, mitral annular e’ velocity, E/e’ ratio, peak velocity of the
TR jet, and LA maximum volume index were used for the assessment of left ventricular diastolic dysfunction (LVDD). Results
from echocardiograms were taken from final reports written by a cardiologist with echocardiography training.
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Statistical Analysis

Continuous variables are represented by means and standard deviations; frequencies and percentages were used to
illustrate categorical variables. The Pearson chi-square test was used for the evaluation of categorical data. A P value of
<0.05 was considered statistically significant. SPSS software version 26 was used to conduct the statistical analysis.

Ethical Approval

The study was reviewed and accepted by the ethics committee of Mogadishu Somali Turkish Training and Research
Hospital (Ethics Protocol No: MSTH/9571). Due to the fact that our hospital is a research and training hospital. An
informed consent is taken from every patient/caregiver before admission to use their data without disclosing their names
for research purposes. In addition, as per our hospital protocol, informed consent is waived for retrospective studies as
long as patients’ data are not disclosed. The study complies with the Declaration of Helsinki, and this research did not
receive any specific funding.

Results
The echocardiographic findings of 315 acute ischemic stroke patients admitted to the neurology department of the
hospital were analyzed. All patients underwent transthoracic echocardiography. The mean age of patients was 62+12
years. The majority of the patients in the study were 60 years of age or older 210 (66.7%). The male subjects in the study
population.

Accounted 178 (56.5%), while females accounted for 137 (43.5%). Co-morbidities were present in about 251 (80%)
of the subjects. Hypertension was the most common comorbidity 99 (31.4%), followed by diabetes 72 (23%), and
hyperlipidemia 37 (11.7%). Other comorbidities were previous stroke, heart disease, respiratory disease, cancer, and
thyroid disorders (see Table 1). Hypertension, diabetes, stroke, and heart diseases were more prevalent with increasing
age (see Table 2). Diabetes, hypertension, and hyperlipidemia were slightly more prevalent among male patients, while

other comorbidities were equally distributed among patients (see Figure 1).

Table | Shows Patients’ Related Features

Variable N (%)
Age, years
2040 30(9.5%)
41-60 75(23.8%)
>61 yrs 210(66.7%)
Gender
Male 178(56.5%)
Female 137(43.5%)

Comorbidities

Hypertension 99(31.4%)
DM 72(22.9%)
Prior stroke or TIA 10(3.2%)
Heart Disease 14(4.4%)
Hyperlipidemia 37(11.7)
(Continued)
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Table | (Continued).
Variable N (%)
Cancer 14(4.4%)
Thyroid Disease 1(0.3%)
Respiratory Disease 4(1.3%)
None 64(20.3%)
Ischemic Stroke
Subtypes
MCA 146(46.3%)
ACA 45(14.3%)
Vertebrobasilar 63(20%)
Lacunar 61(19.4%)
Abbreviations: DM, Diabetes Mellitus; MCA, Middle
cerebral artery; ACA, Anterior Cerebral Artery; TIA,
transient ischemic attack.
Table 2 Findings of Transthoracic Echocardiography
Mitral Valve Normal 243 77.1%
MRI 54 17.1%
MR2 14 4.4%
MR3 2 0.6%
Moderate Stenosis | 0.3%
Severe Stenosis | 0.3%
Tricuspid Valve Normal 262 83.2%
TRI 37 11.7%
TR2 13 4.1%
TR3 3 1%
Pulmonary Valve Normal 313 99.4%
PRI 2 0.6%
Aortic Valve Normal 273 86.7%
ARI 37 11.7%
AR2 2 0.6%
AR3 | 0.3%
Moderate Stenosis 2 0.6%
Intra-atrial septum Intact 312 99%
ASD 2 0.6%
Foramen Ovale | 0.3%
(Continued)
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Table 2 (Continued).

IV septum Intact 314 99.7%
VSD | 0.3%
Pericordium Intact 306 97%
Effusion 9 3%
Wall motion Abnormality | Present 30 9.5%
Absent 285 90.5%
Intracardiac Thrombus Present 15 4.8%
Absent 300 95.2%
LvDD Normal 214 67.9%
Grade | 94 29.8%
Grade 2 7 2.2%
LVH Normal 202 64.1%
Mild LVH 70 22.2%
Moderate LVH 39 12.4%
Severe LVH 4 1.3%
Pulmonary Hypertension | None 286 90.8%
Mild 10 3.2%
Moderate 14 4.4%
Severe 5 1.6%

Abbreviations: LVH, left ventricular hypertrophy; LVDD, left ventricular diastolic dysfunction; IV,
intraventricular; TR, tricuspid regurgitation; MR, mitral regurgitation; AR, aortic regurgitation; PR,
pulmonary regurgitation.

Regarding echocardiographic findings, the study showed 4% of the patients had right atrial dilation, 8% had left atrial
dilatation, and 2% had aortic root dilatation. Patients over 60 years of age and female patients had a higher proportion of
left atrial dilatation. 47 (15%) of the patients had low ejection fraction on transthoracic echocardiography. Male patients
had slightly less left ventricular systolic dysfunction than female patients. Low ejection fraction was not associated with
a particular comorbidity (P = 0.156). Mitral valve disease was present in 72 (23%) of the patients, 53 (17%) of the
patients had tricuspid valve abnormality, while 41 (13%) of the patients had an abnormal aortic valve, with AR1 being
the most common pathologic finding (see Table 3). Only two patients had pulmonary valve disease. Eight (2.5%) of the
patients had atrial septal defect, while 1(0.3) had VSD. Twenty-nine (10%) had been associated with pulmonary
hypertension. Ten (3%) had pericardial effusion. One hundred (32%) had LVDD while 113 (36%) had LVH. Left
ventricular hypertrophy was more frequent in hypertensive patients (46% of hypertensive patients). Left ventricular
diastolic dysfunction (LVDD) was more common among diabetic patients (60% of diabetic patients). 30 (9.5%) had wall
motion abnormality. 15 (4.8%) of the patients had intracardiac thrombus. Overall cardiac pathology in this study
was 54%.

As shown in Table 4, gender was not a significant factor for abnormal echo findings. Patients with hypertension and
diabetes had more echo abnormalities compared to others (P-value of 0.047 and 0.024 respectively). More abnormal echo
findings were seen in patients who died during hospitalization than in those who survived (P = 0.008). Intrahospital

mortality was higher in patients with severe left ventricular dysfunction, patients with wall motion abnormalities, and
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Figure | Shows distribution of comorbidities versus gender of the patients.

patients with severe pulmonary hypertension. Of these, severe left ventricular dysfunction had the most significant
association with intrahospital mortality (P < 0.001).

The echocardiogram is useful for shaping the management of ischemic stroke with the aim of preventing potential
future recurrent strokes. Twenty-four (7.6%) of the patients with acute ischemic stroke had their management strategies
changed following their echocardiogram findings. Patients with intracardiac thrombus and those patients with cardiac
wall motion abnormalities were the most patients whose medical management strategies were changed.

Discussion

In high-income countries, stroke is the third leading cause of death and causes serious morbidity in survivors.'*'* The
main cause of an ischemic stroke is a thrombotic or embolic event, and emboli frequently come from the heart.'> Few
patients with stroke or TIA had clinically actionable echocardiography findings for subsequent stroke prevention,
whereas the majority of patients with stroke or TIA had normal echocardiograms. Patients with a cryptogenic stroke
had a higher frequency of clinically useful findings, particularly PFO.'® Similar to transesophageal echocardiography
(TEE), transthoracic echocardiography (TTE) with agitated saline can identify PFOs. Therefore, agitated saline was
given to those suspected of having a patent foramen ovale or even dropping out.'”

Table 3 Distribution of Comorbidities Among Different Age Groups

Age of the Patients
20-40 Years 41-60 Years >60 Years
Comorbidity | Hypertension 7(23.3%) 15(20.0%) 77(36.7%)
Diabetes 0(0.0%) 24(32.0%) 48(22.9%)
Prior stroke/TIA 0(0.0%) 5(6.7%) 5(2.4%)
Heart Disease 1(3.3%) 4(5.3%) 9(4.3%)
Hyperlipidemia 3(10.0%) 5(6.7%) 29(13.8%)
Cancer 2(6.7%) 3(4.0%) 9(4.3%)
Thyroid Disease 0(0.0%) 0(0.0%) 1(0.5%)
None 17(56.7%) 19(25.3%) 28(13.3%)
Respiratory Disease 0(0.0%) 0(0.0%) 4(1.9%)
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Table 4 Characteristics of Patients in Terms of Echo Findings

Characteristic Normal No. (%) of Patients with | P value
Echocardiography Abnormal
Echocardiography
Mean Age (yrs) 60+4 613 0.538
Gender, Male 83(62.9%) 95(51.9%) 0.281
Hypertension 43(32.6%) 56(30.6%) 0.047
DM 27(20.5%) 45(24.6%) 0.024
Dyslipidemia 18(13.6%) 19(10.4%) 0.092
Smoking 22(14.6%) 27(16.5%) 0.091
Prior stroke or TIA 3(2.3%) 7(3.8%) 0.088
Major Stroke per NIHSS Score 21(15.2%) 41(22.4%) 0.180
Intrahospital mortality 19(14.4%) 49(26.8%) 0.008

Abbreviations: DM, Diabetes Mellitus; TIA, Transient Ischemic Attack; NIHSS, National Institutes of Health Stroke Scale.

Transthoracic echocardiography can also spot other stroke etiologies that could need intervention, such as atrial
anomalies (like a patent foramen ovale or an atrial myxoma) or infected endocarditis.®'®'” The most frequent cause of
cardio-embolic events is a thrombus in the left atrium (LA) or, more commonly, the LA appendage (LAA), which is
frequently linked to atrial fibrillation. The risk of thromboembolism is comparable for paroxysmal and persistent AF.
However, it is heavily influenced by related cardiovascular risk factors.”® Echocardiography is crucial for identifying
other embolic heart conditions after an ECG, which can detect atrial fibrillation, which accounts for 50% of cardioem-
bolic strokes.”' The degree of LA enlargement and, subsequently, the chance of AF-associated thrombus development are
influenced by the severity and duration of these risk factors. Clinical prediction tools like CHADS2 and CHA2DS2-VASc
scores can be used to stratify stroke risk.”? Patients with ejection fractions below 40%, anterior wall MI, and LV
aneurysms had a higher risk of developing an LV thrombus.*>**

Left ventricular (LV) thrombus development due to stasis brought on by localized or systemic cardiac dysfunction is
most often linked to myocardial infarction (MI) and dilated cardiomyopathy (DCM). Between 1% and 2.5% of patients
with acute MI get stroke within 4 weeks, with 50% happening during the first 5 days.?>~°

TEE is more sensitive than TTE for most other therapeutically important diseases, with the exception of left
ventricular thrombus (LVT)."> As such, the left ventricular thrombus is used in routine normal echocardiography for
those suspected of having an intracardiac thrombus.?’

Acute ischemic stroke, which can appear in up to 40% of these patients, is the most frequent neurological consequence in the
context of [E, occurring in 25-70% of cases. Despite the fact that IE only accounts for less than 10% of all cardioembolic strokes
and is a very infrequent stroke risk factor due to its low global incidence, there is a strong correlation between IE and subsequent
stroke.?® Mitral stenosis-related thromboembolism presents in 10% of all ischemic strokes and 50% of all cardioembolic strokes.
Stroke incidence is higher in mitral stenosis patients with a history of AF, DM, male sex, HTN, hyperlipidemia, and obesity.**~*
The clinical implications of LV diastolic dysfunction are significant. Exercise intolerance is a common symptom of LV diastolic
dysfunction.®' Even in asymptomatic subjects, LV diastolic dysfunction has been linked to the development of heart failure, future
cardiovascular events, and increased mortality, even after controlling for comorbidities.*** In our echocardiography assessment,
left ventricular diastolic dysfunction was the most common finding among the assessed variables.

Hypertensive left ventricular hypertrophy (LVH) is an early manifestation of cardiovascular target organ damage in
patients with arterial hypertension and those patients with acute ischemic stroke (AIS) or transient ischemic attack (TIA).
Since hypertensive left ventricular hypertrophy (LVH) is common, these patients need more rigorous therapy as they are
at a greater risk of stroke. To ensure that these patients are managed as effectively as possible, transthoracic echocardio-
graphy (TTE) should be performed on all AIS and TIA patients.**"

Although pulmonary hypertension (PH) was associated with a longer hospital stay and an unfavorable discharge
status, it was not substantially linked to in-hospital death. In previous studies, male patients with pulmonary hypertension
had a higher hospital mortality rate than female patients.?®
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Limitations

Our investigation exclusively examined the echocardiographic findings of patients admitted to the hospitals for ischemic
stroke; therefore, the higher prevalence of echocardiographic abnormalities seen in the study. This might be because
individuals managed in the inpatient and intensive care units often have more comorbidities and severe forms of stroke
when compared to patients managed in the outpatient department. Another limitation is that we enrolled only patients
admitted to the neurology department with a stroke code. Similar patients admitted in other departments due to
concomitant comorbidities could have been missed.

Conclusion

The current study emphasizes how important echocardiography is for assessing the functional and structural integrity of the heart
and for detecting abnormalities that could have therapeutic implications for stroke survivors. Due to the necessity to adapt it in the
event of left ventricular dysfunction, TTE may be helpful in the planning of post-stroke rehabilitation.

Ethical Approval

The study was reviewed and accepted by the ethics committee of Mogadishu Somali Turkish Training and Research Hospital
(Ethics Protocol No: MSTH/9571). Due to the fact that our hospital is a research and training hospital. An informed consent is
taken from every patient/caregiver before admission to use their data without disclosing their names for research purposes. In
addition, as per our hospital protocol, informed consent is waived for retrospective studies as long as patients’ data are not
disclosed. The study complies with the Declaration of Helsinki, and this research did not receive any specific funding.
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