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Background: Documentation of cardiovascular diseases (CVDs) including major contributors to hospitalization and their outcomes in
sub-Saharan Africa and Ethiopia is important to prioritize further research, prevention and treatment strategies.

Objective: This study aimed to describe the clinical profiles of CVD admissions, risk factors, and patient outcomes at Ayder
Comprehensive Specialized Hospital (ACSH) in Tigray, Ethiopia.

Methods: Data of patients with the diagnosis of CVD was collected prospectively from Nov. 1, 2017 — Oct. 31, 2018 for patients
admitted to medical wards and ICU of ACSH. Socio-demographic profiles, final admission diagnosis, duration of hospital stay and
outcomes of hospitalization were variables recorded using a data abstraction checklist. Diseases were categorized using the World
Health Organization’s International Classification of Diseases (ICD)-10 coding system. Data was analyzed using SPSS version 26.
Results: Of the 2084 admissions over 1 year period, 767 (36.5%) had CVDs. The mean age of the study population was 53.4 + 19.4
years with 55% females. Leading CVD admissions were stroke (35%), Venous thromboembolism (17%), rheumatic heart disease
(RHD) (16.2%), ischemic heart disease (IHD) (11.3%) and cardiomyopathy (CMP) (7.4%). Heart Failure (HF) was found in 300
(39.1%) patients with structural heart disease. The structural cardiac lesions in those with HF were RHD (36%), CMP (19%), IHD
(18%) and Cor pulmonale (9%). The in-hospital mortality of all CVD admissions was 13.2%. Of the total 101 CVD deaths most were
because of stroke (n=37, 36.6%) followed by IHD (18.8%). Hypertension was the most frequent risk factor (28.8%).

Conclusion: This study shows stroke to be the most common form of CVD and RHD to be the main reason for HF among hospital
admissions in Northern Ethiopia, ACSH. Hypertension is the leading reported risk factor and hence the need to give high priority to
hypertension and RHD control programs.
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Introduction

Documentation of CVDs including major contributors to hospitalization and their outcomes in sub-Saharan Africa (SSA)
and Ethiopia is important to prioritize further research, prevention and treatment strategies. The considerable variation of
CVD epidemiology not only among countries but even within country (urban-rural gradient) is attributable to nutritional,
economic & the epidemiologic transition among others.' Cardiovascular Diseases (CVDs) are the leading causes of
death worldwide with above 70% in low and middle income nations.* CVDs almost doubled over three decades (1990—
2019) from 271 million to 523 million and the number of CVD related deaths increased from 12.1 million to 18.6 million
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in the same years as per the 2019 Global Burden of Diseases (GBD) study report.” In sub-Saharan Africa (SSA), CVDs
accounted for 38.5% of deaths due to Non Communicable Diseases from the report in GBD 2013 study and is expected
to surpass Communicable related deaths by 2035.°®

The few studies done in SSA on epidemiology of CVDs so far indicate hypertensive heart disease (HHD), RHD,
cardiomyopathy (CMP), ischemic heart disease (IHD) and strokes with or without HF to be the leading disorders of
CVDs.*® Limited data are available in SSA and within Ethiopia about CVDs and those available do have several
limitations where studies are limited to institutional surveys or a small segment of the population in an urban area and
also suffers from inconsistencies in definition of CVDs. For example, in some studies strokes and venous thrombosis are
excluded from CVD reports while the WHO International Statistical Classification of Diseases and Related Health
Problems 10th Revision (ICD-10) Version for 2010 groups these diseases under CVDs.’

In Ethiopia and other sub-Saharan African countries the few available hospital-based studies on CVDs have shown
a steady increment.'®'? Many studies have used different and inconsistent ways of estimation and classification of CVDs
leading sometimes to difficulty in knowing the exact disease burden and trends in a country/region and hence the need for
use of the standardized definitions of CVDs."® Ethiopia, the second most populous nation in Africa only has a few
hospital-based CVD studies, WHO STEPS Survey reports or verbal autopsy based community studies which address
CVD prevalence and CVD related deaths.'*'® These relatively recent studies report rheumatic heart disease, cardio-
myopathies, hypertension and related disorders like hypertensive heart diseases, strokes and ischemic heart disease to be
the dominant forms of adult CVDs in Ethiopia. Studies done in 1970-1990’s in Ethiopia showed CVDs constituting 4—
13% of medical ward admissions.'”"'®

Because of lack of data specific to SSA, studies and recommendations from other populations have been used to
inform cardiovascular disease prevention programs for SSA. Recommendations based on research outputs from else-
where to SSA populations is not the best way to implement preventive and curative programs/policies.'® The lack of
complete data is also accompanied by the lack of uniformity in defining and reporting types of CVDs in SSA and
Ethiopia and inconsistent utilization of International Classification of Diseases.’*° We did a prospective study using ICD-
10 system of classification of diseases and we aimed at looking for the clinical profiles of CVDs, main complications and
their risk factors and/or underlying causes and predictors of mortality in the CVD population admitted to Ayder
University Hospital.

Methods and Materials
Study Area and Setting

This study was conducted in Northern Ethiopia’s largest tertiary hospital, Ayder Comprehensive Specialized Hospital
(ACSH), in Mekelle University - College of Health Sciences located in Mekelle, 783 km north of Addis Ababa.
Established in 2008, ACSH is a 500 bed public hospital rendering tertiary health care services to a catchment area of
nearly 10 million.

The Internal Medicine department in ACSH has 116 beds and outpatient services with specialists and subspecialists in
different units. The cardiology unit has five cardiologists, an outpatient cardiology center equipped with
Echocardiography, Holter Blood pressure and ECG monitors, resting and stress ECG machines and a cardiac catheter-
ization laboratory which was established in 2015.

Study Design and Data Collection

This study was part of the prospective observational study which was published in the international journal of general
medicine which reported on the patterns of medical admissions to ACSH and hence the materials and methods with data
collection, quality control and operational definitions were outlined in the previous publication.?' Demographic and
clinical data on all patients (aged =18 years) admitted to Medical Wards and ICU at ACSH from November 1, 2017 —
October 31, 2018 were collected and those with CVDs were separately analyzed. Data were collected using a structured
questionnaire (see Annex) and data collectors were trained internal medicine residents. Patient was followed with
continuous clinical evaluation, imaging and laboratory testing until final diagnosis was settled. The final diagnosis was
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clarified with comments from subspecialists from within the department and interdepartmental consultations and
recorded at discharge. If a patient has more than one clinical condition, the main cause for the patients’ current admission
was taken as final diagnosis. We made the primary discharge diagnosis as the main cause patient was hospitalized
according to the definition of primary diagnosis in the WHO ICD-10 Version for 2010.° Data collected were socio-
demographic characteristics, main diagnosis, duration and outcomes of hospitalization.

Data Quality Control

During hospital stay and at discharge/death, data regarding each patient were recorded in the data collection format by
internal medicine residents and interns assigned in respective wards. Each week the quality of the data collected was
being cross checked and cleared by the team of investigators and compared to the ward’s discharge/death logs.

Operational Definitions
Heart failure (HF): diagnosed based on Echocardiographic evaluation in combination with clinical evaluation with
Framingham study criteria.??

Hypertensive heart Disease (HHD): Diagnosed if there is concentric left ventricular hypertrophy, increased left atrial
size, diastolic and/or systolic left ventricular (LV) dysfunction on echocardiography in patients with hypertension in the
absence of alternative explanation. LV mass index and/or volumes were not routinely measured.

Ischemic heart disease: Diagnosed if there is typical angina or acute myocardial infarction and/or typical ECG
abnormalities of acute myocardial infarction/myocardial ischemia, associated with cardiac regional wall motion abnorm-
ality as seen by 2D echocardiography or signs of coronary artery disease on invasive coronary angiography study.

Valvular heart disease, cardiomyopathies and other structural heart disease were diagnosed by the discretion of the
echocardiographer (cardiologist) and based on standard guidelines on the management of valvular heart disease and
world heart federation criteria to diagnose rheumatic heart disease.”

Final Diagnosis: is the diagnosis made by the treating team of investigators/treating physicians after proper history,
physical examination, laboratory and imaging studies were followed up and reviewed at discharge.

Outcome of Hospitalization: is patient’s situation at the end of hospital stay which may be: death, discharge, left
against medical advice (LAMA), referral or transfer to continue same treatment.

Complications
Hospitalization complications: Hospital acquired pneumonia (HAP), Aspiration Pneumonia, Acute Kidney Injury, UTI
and others.

Complications of the disease progression: which may or may not lead to death unless treated.

Data Analysis

Was performed using SPSS version 26. Descriptive and inferential statistics were applied to the data. Categorical
variables were described by using frequency, percentage, and graph. Continuous variables were described using an
appropriate combination of measure of central tendency and measure of dispersion.

Independent predictors of death among admitted patients were identified by fitting multivariable logistic regression.
Association between death and its predictors was reported using odds ratio with its 95% confidence interval and
significance value (ie, p-value). Goodness of fit (GOF) of the multivariable model was assessed using Hosmer-
Lemeshow test. Multicollinearity was also assessed using Variance Inflation Factor (VIF).

Ethical Considerations

Ethical clearance was obtained from the Mekelle University College of Health Sciences Institutional Review Board (Ref
No. ERC 1136/2017). Verbal informed consent was obtained from patients and was acceptable and approved by the
ethics committee. The study involves review of patient records while they were admitted and followed. Data was de-
identified and stored in a password-secured computer. There was no cost to patients in the study and no compensation or
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consent was necessary to subjects as we were registering the findings from the patient chart before patients discharge.
Our study complies with the principles of the Declaration of Helsinki.

Results

Sociodemographic Characteristics

Of the total 2084 medical ward and ICU admissions, 767 (36.8%) of them had CVDs and the admission pattern and
predictors of death for all medical admissions to ACSH during the study period for all patients was published
separately.”! The mean age was 53.4 + 19.4 years (with the most represented age group being 65-74 years (20.2%),
60.9% were 55 years and above, 55% were females. Most were from Tigray (92%) and reside in urban and semi urban
areas (56.2%) (See Table 1).

Types of Cardiovascular Diseases and Underlying Causes for Heart Failure

Majority of patients with CVD were admitted due to stroke (n=272, 35%) followed by Venous thromboembolism (VTE) (n =
132, 17%), rheumatic heart disease (RHD) (n=124, 16.2%), ischemic heart disease (IHD) (n=87, 11.3%) and cardiomyopathy
(CMP) (n=57, 7.4%). Majority of the stroke patients had ischemic origin (n=171, 62.9%). Atrial fibrillation was reported in
8.5% and heart failure in 300 of the CVD population (39.1%) (Table 2). Stroke constituted 13.1% of the total hospital
admissions while Venous thromboembolism (VTE) was seen in 6.3% of the total admissions over the study period. Rheumatic
heart disease, IHD, CMP and cor pulmonale constituted 6%, 4.2%, 2.7% and 1.8% of total admissions respectively.

All patients (n=57, 100%) admitted with cardiomyopathy or pericardial disease (n=4, 100%) as their underlying
cardiac structural lesion had symptomatic heart failure. While a significant majority of patients with hypertensive heart
disease (91.7%), degenerative valvular heart disease (87.5%), and rheumatic heart disease (87.1%) had heart failure. The
prevalence of heart failure was significantly different among the types of CVDs (p<0.001). Atrial fibrillation was present
in 8.5% of CVD admissions and it was most frequently seen in patients with rheumatic heart disease (n=24, 19.4%) and
ischemic stroke (n= 21, 12.3%) of the total CVDs. Within the Atrial fibrillation population, 36.9% of the cases were in
patients with underlying rheumatic heart diseases (Table 3).

The leading (top 4) underlying causes of heart failure were RHD (36%) followed by CMP (19%), IHD (18%) and cor
pulmonale (9%) (See Figure 1).

RHD, venous thrombosis and CMP were generally dominant before the age group 45-54 years and particularly the
first two declined as age advances while CMP had its peak at age group 45-54 years. Stroke and degenerative valvular

Table | Sociodemographic Characteristics of CVD Admissions to
ACSH, 2017-2018

Characteristics Frequency (Percentage), n=767
Age (Mean=53.4, SD=19.4)
<25 Years 64 (8.3)
25-34 Years 87 (11.3)
35-44 Years 105 (13.7)
45-54 Years 120 (15.6)
55—64 Years 113 (14.7)
65—74 Years 155 (20.2)
75 Years & above 123 (16.0)
Gender
Male 345 (45.0)
Female 422 (55.0)
Residence
Urban and Semi urban 431 (56.2)
Rural 336 (43.8)
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Table 2 Types of Cardiovascular Diseases in Patients Admitted to Medical Ward
and ICU in ACSH, Nov 2017- Oct 2018

Characteristics Frequency (Percentage), n=767

Type of Cardiovascular Disease
Stroke 272 (35.5)
Venous thromboembolism 132 (17.2)
Rheumatic heart disease 124 (16.2)
Ischemic heart disease 87 (11.3)
Cardiomyopathy 57 (7.4)
Cor pulmonale 38 (5.0
Degenerative valvular heart disease 24 (3.1)
Hypertensive heart disease 12 (1.6)
Miscellaneous Cardiovascular disorders* 9 (1.2)
Congenital heart disease 8 (1.0)
Pericardial disease 4 (0.5)

Note: *Peripheral arterial diseases, hypertensive emergencies, AV Block.

Table 3 Types of Cardiovascular Diseases with Frequency Distribution for Heart Failure or Atrial
Fibrillation in Patients Admitted to Medical Ward and ICU in ACSH, Nov 2017- Oct 2018

Type of Cardiovascular Disease Heart Failure, n (Row%) | Atrial Fibrillation, n (Row%)
No Yes No Yes
Rheumatic heart disease 16 (12.9) 108 (87.1) 100 (80.6) 24 (19.4)
Cardiomyopathy 0 (0.0) 57 (100.0) 50 (87.7) 7 (12.3)
Ischemic heart disease 32 (36.8) 55 (63.2) 85 (97.7) 2(2.3)
Hypertensive heart disease 1 (8.3) I (91.7) 10 (83.3) 2 (16.7)
Cor pulmonale 11 (28.9) 27 (71.1) 37 (974) I (2.6)
Degenerative valvular heart disease 3 (12.5) 21 (87.5) 21 (87.5) 3 (12.5)
Pericardial disease 0 (0.0 4 (100.0) 4 (100.0) 0 (0.0
Congenital heart disease 2 (25.0) 6 (75.0) 7 (87.5) 1 (12.5)
Ischemic stroke 168 (98.2) 3(1.8) 150 (87.7) 21 (123)
Hemorrhagic stroke 100 (99.0) I (1.0) 100 (99.0) 1 (1.0)
Venous thrombosis 126 (95.5) 6 (4.5) 130 (98.5) 2 (1.5)
Miscellaneous Cardiovascular disorders 8 (88.9) I (I.1) 8 (88.9) 1 (1.1)
Total 300 65
Chi-square test of association 2% (1) =525.233, p<0.00 % (11) =46.829, p<0.001

heart diseases sharply increased with age. Ischemic heart disease and cor pulmonale also steadily increased with age
peaking at the age group 55-64 years (Figure 2).

Length of Hospitalization and Outcome

Most patients stayed less than 10 days and the median hospital stay was 8 days. The in-hospital mortality of all CVDs
admissions was 13.2%. Majority (n=541, 83.4%) were discharged improved and 13.6% left against medical advice
(LAMA) (Table 4). Of the total 101 CVD deaths most were because of stroke (n=37, 36.6%) followed by IHD (18.8%),
CMP and Venous thrombosis (11.9% each) and RHD (8.9%). Out of the 300 patients with symptomatic heart failure, 50
patients died (17% in-hospital mortality) with Ischemic heart disease having the highest case fatality rate of 38%
followed by CMP (24%) and RHD (14%).
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Figure | Distribution of heart failure in patients with the types of CVD admissions in ACSH, Nov, 2017-Oct 2018.
Note: *Pericardial diseases, congenital heart diseases, venous thrombosis, miscellaneous CVDs.

a5

39.1

359 ——RHD

e CMP
e [HD
295 ———HHD

——cor pulmonale
DVHD
Others**

—sStroke

Venous thrombosis

Figure 2 Cardiovascular Disease distribution across age groups among medical ward and ICU admissions to ACSH, Nov, 2017-Oct, 2018.

Notes: **Pericardial diseases, Congenital heart diseases, miscellaneous CVDs, Y-axis = percent, X-axis: age in years.

Abbreviations: RHD, rheumatic heart disease; CMP, cardiomyopathy; IHD, ischemic heart disease; HHD, hypertensive heart disease; DVHD, Degenerative valvular heart
disease.

Cardiovascular Risk Factors

More than a third of patients (n= 276, 34.7%) had at least one CVD risk factor with 7.3% having two or more.
Hypertension was the most frequent risk factor (28.8%) and was found in 52% of stroke cases and in 32% of IHD cases.
Diabetes was the second most common type of CVD risk factor (9.6%) and was seen in 10.3% of stroke cases and in
31% of IHD cases. Dyslipidemia was found in 4.6% of the study population and was seen in 12.6% of IHD cases and
5.1% of stroke cases. Obesity was found in 3.7% and most were in those with IHD and CMP. Smoking and alcohol were
rare, all those with alcohol as a risk factor were diagnosed with Cardiomyopathy (Figure 3).

Complications

Any form of complication occurred in 139 (18.1%) of the CVD population. The top three complications among all CVD
admissions were aspiration pneumonia, hospital acquired pneumonia and cardiogenic shock contributing to 7.5%, 2.2%
and 2.1% respectively (Figure 4). The major underlying causes (risk factors) in the 58 patients with aspiration pneumonia
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Table 4 Length of Stay and Outcome of Hospitalization in Medical Ward and ICU
Admissions to ACSH, Nov 2017- Oct 2018

Characteristics Frequency (Percentage), n=767

Hospital stays (Median=8, IQR=8)

<5 days 249 (32.5)
6 to 10 days 257 (33.5)
Il to 15 days 139 (18.1)
>|5 days 122 (15.9)
Outcome of Hospitalization
Death 101 (13.2)
Discharge 650 (84.7)
Referral to better set up 9 (1.2)
Transfer to continue same treatment 7 (0.9)

Condition at Discharge

Improved 541 (83.4)
Same condition 20 (3.1)
Left Against Medical Advice (LAMA) 8 (13.6)

were found to be ischemic stroke (36.2%, n=58), hemorrhagic stroke (32.7), heart failure (13.8) and venous thromboem-
bolism (5.2%). Half of those with cardiogenic shock (8 patients) had ischemic heart disease with 7 of them having Killip
class IV ST Elevation Myocardial Infarction (STEMI) (contributing to 43.8% of the underlying cause of the cardiogenic

Smol%ng Alcohol 0.3%
Obesity 0.7%
3.1%

Dyslipidemia
46%

Diabetes

9.6% Hypertension
28.8%

Figure 3 Cardiovascular risk factors in patients admitted to Medical ward and ICU in ACSH, Nov 2017- Oct 2018.

Hospital aquired pneumonia _ 2.2%

cardiogenic shock

Electrolyte abnormality - 1.4%

Acute kidney injury

Figure 4 Complications of hospitalization and disease progression in patients admitted to Medical ward and ICU in ACSH, Nov 2017- Oct 2018, n=767.
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Table 5 Predictors of Death Among Patients Admitted Due to Cardiovascular Diseases, ACSH, n=767

Variables Death, n (Row %) | COR [95% CI] | AOR [95% CI]
No Yes
Age in years
<40 210 (90.1) | 23 (9.9) | [
>40 456 (85.4) | 78 (14.6) 1.6 [1.0, 2.6] 1.6 [1.0, 2.7]
Comorbidity
Yes 197 (88.0) | 27 (12.0) 0.9 [0.5, 1.4] 0.9 [0.6, 1.5]
No 469 (86.4) | 74 (13.6) I |
Heart failure
Yes 250 (83.3) | 50 (16.7) | 1.6 [I.1,2.5] * 1.3 [0.8, 2.1]
No 416 (89.1) | 51 (10.9) [ [
Complication
No complication 567 (90.9) 57 (9.1) | |
Complications of hospitalization only 49 (754) | 16 (24.6) | 3.2 [1.7, 6.17% | 3.2 [1.7, 6.0]%*
Complications of disease progression only 42 (64.6) | 23 (35.4) | 54 [3.1, 9.7]¥* | 5.0 [2.7, 9.1]%*
Both complications of hospitalization and disease progression 8 (61.5) | 5(385) | 6.2[20, 19.6]* | 6.1 [I.9, 19.5]**

Notes: *p<0.05 *p<0.0] **p<0.001.

shock). The remaining underlying causes of cardiogenic shock were RHD (18.2%), Pulmonary thromboembolism (12.5)
and dilated cardiomyopathy (12.5%). The case fatality of cardiogenic shock was 75%.

Causes and Predictors of Mortality

When the various causes of heart failure are combined (RHD, CMP, IHD etc), they accounted for 47 (48.8%) deaths.
Stroke and pulmonary thromboembolism were responsible for 37 (38.1%) and 8 (6.2%) of total CVD deaths respectively.
Of the heart failure related deaths, IHD was the leading cause contributing to 19 (40.4%) deaths followed by
cardiomyopathy, cor pulmonale, and RHD which contributed to 11 (23.4%), 8 (17%), and 4 (8.5%) of heart failure
deaths respectively. Majority of those with IHD and who died had acute coronary syndrome (n=12, 63.2%).

Predictors of death were examined by fitting binary logistic regression. During bivariate analysis, heart failure and
complication were significantly related with death. But during multivariate analysis, only complication was found to be
significantly related with mortality. Accordingly, in comparison to patients with no complications, the adjusted odds of
death were 3.2, 5.0, and 6.1 times higher in patients with complications of hospitalization only, complication of disease
progression only, and both complications of hospitalization and disease progression, respectively. The final multivariable
logistic model was good fit for the data (Hosmer-Lemeshow test: y* (df=7, n=767) =4.2, p=0.521). There was no
multicollinearity issue (maximum VIF= 1.07, mean VIF=1.03) (Table 5).

Discussion

This study found stroke to be the leading cause of CVD (cardiovascular disease) and RHD (rheumatic heart disease) to be
the most common cause of heart failure among hospital admissions in Northern Ethiopia, ACSH. Hypertension was the
leading CVD risk factor. Epidemiological transition’s role in disease burden in a given society is well reported. The
variation in underlying pathologies, interaction with other organ systems, the segment of population affected and
variations in the methodologies and definitions used may contribute to a difference in the epidemiology and burden of
CVDs.**

Majority (60.9%) of the study population in our study has been 55 years and above and the mean age of our study
population (53.4 years) is higher than from a study in Jimma University (mean age = 43.5 years) and much higher than
another Ethiopian study from Black Lion Hospital (mean age = 31.63 years) which partly may be due to the fact that
these studies have included young population in addition to population aging and increased life expectancy over the last
few years.'>?* However, our study population appears younger compared to other reports from across Africa including
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the THESUS-HF study (mean age of 59 years), which is again less than those in the high income countries which has
been more than 70 years.'®??” The age at death due to CVDs in SSA is 1015 years younger than in western countries
thus reducing workforce capacity and their positive contribution in the region’s economy.*®

Most of the CVD population were females similar to a report from Addis Ababa and the heart of SOWETO study in
South Africa even though the proportion of females was a bit lower (55%) in our study as opposed to 59% in both
studies.'>*” Our finding is as opposed to findings from western countries where the proportion of males is dominant.*%*!
Studies suggest that there are some differences between men and women in terms of prevalence, clinical presentation and
outcomes of CVDs.

Top five causes of total CVD admission were stroke followed by venous thrombosis, rheumatic heart disease,
ischemic heart disease, cardiomyopathy and cor pulmonale. While in those with structural heart diseases, the leading
causes of admissions due to heart failure was rheumatic heart disease followed by cardiomyopathies, ischemic heart
disease, cor pulmonale and degenerative valve diseases. This study shows CVD admissions to have contributed to more
than a third (36.5%) of the total medical admissions which is consistent with previous studies showing the steady rise of
CVD admissions in SSA nations as evidenced by the contributions of CVD admissions increasing from 3.9% of medical
admissions in 1950-59 to nearly 20% in the decade 2000-2010.2°% More recent studies from Ethiopia also show the rise
of CVDs, increasing from 21.7% in 1981/82 to 58% in 2011/12, as major reasons for medical ICU admissions.'*
A literature review in 2001 has reported that CVDs contributed 7-10% of all medical admissions and our study shows up
to five times increment in the proportion of CVDs among medical admissions.**

This study found stroke to be the leading reason for CVDs admission (35.7%) consistent with the global burden of
diseases, injuries and risk factors 2010 study on epidemiology of CVDs in SSA, but the subtype of stroke was
dominantly ischemic in our finding contrary to this report where hemorrhagic stroke was reportedly dominant.**
Stroke was followed by RHD (16.2%) in our finding similar to other studies done in hospitals and community in
Ethiopia which reported RHD usually in the top three causes of morbidity and mortality.'*' In previous studies done in
Ethiopia, RHD has been the leading cause of CVD even though there is a change in pattern with ischemic heart disease
and hypertension and related disorders like hypertensive heart disease, stroke and others steadily increasing.'’> A study
done in 2017 in six main referral hospitals in Ethiopia showed RHD, Congenital heart diseases and hypertensive heart
diseases to be the top three causes of cardiovascular disorders but this study did not include stoke/thrombosis cases in its
report and included children of all ages (those <13 years of age constituted 23.6% of the study population) and was an
outpatient based study in contrast to our study.'* In a study done in our setting, Mekelle University six years earlier
which was echocardiography based study and in ACSH outpatient cardiology unit, showed that valvular heart diseases
were leading echocardiographically detected cardiac abnormalities with RHD dominating in the young.*® The study from
Ethiopia, Jimma University out patient cardiac clinic which also reported RHD to be the leading cause of cardiac diseases
did not include strokes or venous thrombosis cases, unlike our study.*> A retrospective 30 year CVD trend analysis study
done in Addis Ababa black lion hospital, Ethiopia, which included pulmonary embolism cases showed stroke to be
a third cause of medical ICU admission after acute coronary syndrome and heart failure.'?

Among heart failure patients, the leading underlying cause in our study has been found to be RHD (36%)
corroborating the systematic review of heart failure epidemiology in Ethiopia in 2018 which reported that valve diseases
(dominated by RHD) constituted 29.2-81% causes of heart failure.*®> A study from St. Paul Hospital in Addis Ababa
reported that RHD constituted 30% of acute heart failure cases while a black lion hospital study also showed that 81.3%
of patients with advance heart failure (NYHA class III-IV) were having Valvular lesions with majority being RHD.'"-'>
A study from South west Ethiopia also has reported RHD as the leading cause of HF (32.8%) followed by hypertensive
heart diseases (HHD) (24.8%). Our finding was similar to a study done in Cameroon where rheumatic heart disease was
the leading causes of heart failure particularly in the young.>” This is contrary to studies from Nigeria and South Africa,
Ghana and Burkina Faso where hypertensive heart disease was the leading cause of heart failure.?®** % In the Nigerian
study, RHD was a third cause of HF.?® In general, still RHD continues to dominate the cause of Heart failure in Ethiopia
and a considerable number of SSA nations driven by low community awareness, poor socioeconomic status, over-
crowding and poor accessibility and availability of medical service predisposing communities to a high burden of
rheumatic fever and RHD.*' As the cost of cardiac surgery in Ethiopia is about 11,000 USD currently which majority of
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patients in Ethiopia with RHD cannot afford, it is important to focus on the primordial, primary and secondary prevention
activities of RHD in parallel to tertiary level care including availing cardiac surgery for those affected.*

In sub-Saharan Africa, reports since the mid of 20th century show that hypertensive heart disease (HHD) ranks in the
top three as a cause of heart failure (HF).** This study shows HHD to be a less frequent cause of CVD admission,
contributing to only 4%, even less than cor pulmonale which contributed to 9% of HF admissions. The fact that cor
pulmonale is an important cause of HF in SSA has been addressed in previous studies.** The unexpectedly low
prevalence of HHD in our study could be partly due to underdiagnosis on echocardiographic evaluations but the ongoing
existence and continued dominance of CVDs of post infectious complications like RHD, cardiomyopathy and cor
pulmonale is worth noting.***> Even though our study shows hypertension to be a not so common reason for heart
failure admissions it is the leading risk factor for overall CVDs. In line with our study’s finding, there is a study in 2011
from Cameroon where hypertension was a not so dominant cause of heart failure.>” In more recent studies particularly
from western Africa, HHD is reportedly the leading cause of HF in contrast to our finding where HHD contributed to
only 1.6% of total CVDs.'®?** Studies from South Africa and Nigeria have indicated the high prevalence of
hypertensive heart disease as major cause of HE.***” The variation could also emanate from variation in epidemiologic
transition, our study population being majority rural and semiurban or could arise from the definition and identification of
HHD with HF. But again, it is worth noting that in this study, hypertension was the leading risk factor for CVDs, present
in 28.9% of the total CVD population and in more than half of stroke and more than one third of IHD population.

The in-hospital mortality may vary based on the age of the population studied and clinical characteristics among
others. The in-hospital mortality of CVD admissions in this study was similar to the 12.4% mortality reported from
Nigeria but was lower than the 21.9% report from Tanzania.*®*’ In-hospital mortality was also lower in our study as
compared to a study done in Addis Ababa (24.4%) but higher than the 9.2% mortality reported in a study done in
Cameron.’” The reason for the higher rate from Addis Ababa may be due to the clinical characteristics of the patients as
they included solely acutely decompensated heart failure population.'' In acute decompensation of HF, deaths as high as
27% at four weeks follow up and 46% at one year follow up was reported from France.?” A study from Nigeria in 2007
reported a mortality of 67% among advanced HF admissions.*® Mortality of Heart failure in Africa has been reported as
9-12.5%." The mean age at death for RHD in our study was 53 years and again this is different from previous reports in
Ethiopia with most RHD patients dying before 30 years of age as has been reported in one study by Oli K. and Asmera
J. the mean age at death was 26 years.”®

To the best of our knowledge, the prevalence of venous thromboembolism (VTE) is not well documented in Ethiopia
except for a few studies on risk factors and even in SSA.>"3? In SSA, the prevalence of venous thrombosis has been
reported to be 2.4-9.6% in postoperative cases, and 380—448 per 100000 births/year in pregnant/postpartum mothers.
Venous thromboembolism is in the top three causes of death globally from CVD following ischemic heart disease (IHD)
and stroke.” This is in line with our finding of VTE being the second most common cause of CVD admission and
contributing to 6.3% of all admissions. The prevalence of VTE is higher in our study than a in a study done in Jimma
University, Ethiopia which showed a prevalence of 2.2% (221 out of the 10,080 admissions).”* This difference could
partly be because our study has also included pulmonary embolism cases as opposed to the limitation in the report from
Jimma where they did not use Pulmonary CT angiography to support the diagnosis while this imaging modality was
available in our set up.

Ischemic heart disease has been steadily increasing in SSA including Ethiopia although still of a lesser burden when
compared to other CVDs in Ethiopia and SSA.**> Ischemic heart disease has been of low prevalence in Ethiopia as
evidenced by a study done in 1980’s in the country’s largest hospital, Tikur Anbessa, where IHD constituted to 0.35% of
medical admissions while the finding of our study shows a 12 times increment in the contribution of IHD to medical
admissions in Northern Ethiopia.’® Our finding is another evidence for the increasing burden of ischemic heart disease in
hospitalized patients in Ethiopia contributing 4.2% of total medical admissions, 11.3% of total CVD admissions and has
been found to be a third cause of heart failure admissions similar to studies in Addis Ababa done recently.'!:'%15-33-57
A recent prospective study from Jimma and Ambo University hospitals in Ethiopia has shown that IHD is the leading
cause of HF even though they have excluded causes of right sided heart failure and they did not report details of the
diagnostic methods they used other than mentioning that the diagnosis was based on echocardiography reports.>® The
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study from Jimma and Ambo University hospitals were done in a setting where there was no coronary angiography,
nevertheless, the study gives clues to the rise of IHD in Ethiopia but needs to be replicated in a rigorously conducted
study with detailed diagnostic methodologies of IHD including clinical details, echocardiography, resting and Exercise
ECG, CT Coronary angiography and invasive coronary angiography which unfortunately are lacking in most settings in
Ethiopia and other SSA.

In SSA, the contributions of chronic diseases like HIV / AIDS, schistosomiasis and tuberculosis to cor pulmonale has
been there, unfolding more but again neglected and is a double burden to the non-communicable disease care.*®>’
Considerable proportion of heart failure patients in our study (9% of total CVD admissions and 1.8% of total medical
admissions) had cor pulmonale albeit lower than reported from the heart failure in Soweto studies.**° The prevalence of
pulmonary hypertension has been much lower than our finding in a study done using a retrospectively collected data from
January 2001 to December 2012 at Tikur Anbessa hospital in the capital Addis Ababa which was 0.5% of all CVDs and
2% among those with advanced NYHA class ITI-IV HF.'> Again, the prevalence of cor pulmonale in our study is more
than two times higher than the 3.8% prevalence reported among CVDs in the study done in Jimma University in Ethiopia
in 2008.%° It is thought from previous reports and clinical experience that cor pulmonale develops mostly following
pulmonary tuberculous complications like pulmonary fibrosis and bronchiectasis, possible indoor air pollution, schisto-
somiasis or pulmonary arterial hypertension related with HIV/AIDS.®® An echocardiography based report from ACSH in
2014 shows that pulmonary hypertension of any etiology was diagnosed in 30.6% of the 1028 echocardiograms even
though the most common cause would understandably be due to left heart failure but it is indicative of the burden of
potential burden of right heart failure in the Ethiopian setting and hence the need for further study on the burden of cor
pulmonale and/or right side heart failure in Ethiopia and SSA.*

Atrial Fibrillation was present in 8.5% of CVDs and most were in patients with rheumatic heart disease (36.9%) and
ischemic stroke (32.3%). This is less than the prevalence reported in the Gulf acute heart failure registry (Gulf CARE)
and in Nigerian study where AF was seen in 14% and 20.7% respectively, even though the patients from the Nigerian
study had advanced heart failure’>®' The prevalence of atrial fibrillation in our study is similar, albeit a little higher in
our case, to a study from Ghana where atrial fibrillation was present in 7.1% of the study population and the dominant
underlying structural cardiac abnormality was RHD in 45% in the Ghanaian study and 36.9% in our study.®?

Registry data from the Euro-Heart failure survey, the organized program to initiate lifesaving treatment in hospitalized
patients with heart failure (OPTIMIZE-HF) and the acute decompensated national registry (ADHERE) from the United
States and Europe has shown that the in hospital mortality of patients with acute heart failure varied from 4—7%.%%*

The documentation of CVD risk factors and implementation of control strategies have contributed in the reduction of
mortality seen in developed nations.”**® Hypertension has been a significant contributor for the burden of CVDs in SSA
and globally which is consistent with our finding.®>*® Hypertension and Diabetes were the most prevalent risk factors
particularly in those with stroke and ischemic heart diseases similar to reports from Addis Ababa, Ethiopia.'**’ In
a study done in 300 patients with coronarography proven ischemic heart disease (IHD) in Addis Ababa, Ethiopia, the
leading risk factors of IHD were dyslipidemia, hypertension and diabetes seen in 63%, 61.2% and 41% of patients
respectively whereas in our study hypertension, diabetes and dyslipidemia were found in 32%, 31% and 4.6% of the IHD
population.’” The reason for the low prevalence of dyslipidemia in our IHD patients may be due to the limitation of lipid
profile work up due to financial restrictions. The fact that stroke has been the main cause of hospital CVD admission with
hypertension, diabetes, obesity, dyslipidemia, smoking and alcohol being important risk factors reported indicates the
relevance of these risk factors as also reported in previous studies in other parts of Ethiopia, SSA & western countries.>®®

The top three CVD related causes of mortality in our study were heart failure (48.8%), stroke (38.1%) and pulmonary
thromboembolism (6.2%). In a similar study in Nigeria consisting of CVD admissions, stroke followed by heart failure
were the leading causes of death. This difference could be explained by the high prevalence of hypertension (reported in
55.7%) in the Nigerian study population.*® Of the heart failure related deaths, IHD was the leading cause contributing to
19 (40.4%) deaths. RHD contributed only for 4 (8.5%) of heart failure deaths, even if it was the most common cause of
heart failure admission; and this can be partly explained by the younger age population of RHD.

To tackle HF and stroke, implementation of prevention strategies on their most common causes and risk factors (RHD
and hypertension) is of paramount importance. In studies done in communities affected by RHD the awareness on sore
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throat, acute rheumatic fever and RHD has been reported to be low.®’ One of the challenges in the prevention and
control of RHD is the availability of Benzathine Penicillin G (BPG) and the fear of adverse events following the injection
of BPG by health professionals as well as patients’'-’”* In a systematic review of data from 33 surveys, the prevalence of
hypertension has been reported to be 30% in SSA and among these 27% were aware of their hypertensive status, 18%
were on treatment, and only ~7% had controlled blood pressure.”>”* Hence, it is important to raise these low level of
awareness, prevention and treatment of RHD and hypertension to prevent complications that emanate from sore throat
and high blood pressure and obviously needs immense mobilization of resources to the needy.

Limitations and Strengths

The present study has some limitations. This is only a single center study as well as both medical ward and ICU
admissions are reported together. Being a study done only in a tertiary hospital, it may have inherent weakness in its
applicability to the larger community and hence the need for multicenter studies. However, in the absence of robust
community based studies, this hospital based study can help as a source of evidence on the CVDs patterns in the
community it serves and the eastern Africa region in particular and SSA in general. Heart failure was classified based on
the ventricular systolic function and other modalities like Cardiac MRI, SPECT, Cardiac CT and Brain natriuretic peptide
were not used in this study as they were not available. This study was limited to in-hospital and there was no follow up
for a period of time after discharge. The documentation of CHA2DS2-Vasc score in patients with atrial fibrillation is
important and is lacking in our study and we recommend future studies to include this important risk score.

However this study is the only of its kind in the region and being a prospective study it lays a firm ground for further
studies. All patients with stroke had brain imaging (CT Scan or MRI) and all heart failure patients with ECG and
Echocardiography as well as when indicated, exercise stress and/or cardiac catheterization were done.

Focused research in CVDs in a prospective design at multinational and multisite level is required to properly
document the actual burden CVDs in Ethiopia and SSA to recommend appropriate interventions.

Conclusion

This study has revealed the dominance of stroke as the leading form of CVD with hypertension as the most prevalent risk
factor and the persistence of RHD as the top cause of heart failure in Northern Ethiopia, ACSH. A high priority should be
given to prevent stroke and RHD and their risk factors to forestall the CVD epidemic in the future. Multisite, multi
country, prospective cohort studies are required to clarify the CVD epidemiology, risk factors, prognosis and implement
preventive and treatment strategies in Ethiopia and SSA.
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