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Abstract

Introduction: Ghana is one of the fastest growing economies in sub-Saharan
Africa which is expected to undergo a significant epidemiologic transition
because of industrialisation and economic development. Having transitioned
from low to middle income status recently, this study investigated the epide-
miology of left ventricular dysfunction (LVD) in patients who were referred
for echocardiography. Material and Methods: We conducted a retrospective
cross-sectional study on an out-patient population who were referred to the
Precise Specialist Clinic in Kumasi, Ghana for echocardiography, from Janu-
ary 2016 to December 2018. Descriptive statistical analyses were performed
and the results summarised in the proportions, tables and pie charts. Cate-
gorical variables and proportions were compared using Fisher’s exact test and
test of proportions respectively. P-value < 0.05 was considered to be statisti-
cally significant. Results: The results show that 61% of the out-patient popu-
lation referred for echocardiography between 2016 and 2018 had LVD at a
mean age of 59 years. In this LVD population, Heart Failure with preserved
ejection fraction (HFpEF) and Heart Failure with reduced ejection fraction
(HFrEF) accounted for 73% and 27% respectively. The majority of patients
with HFrEF also had left ventricular diastolic dysfunction, mitral regurgita-
tion and tricuspid regurgitation. Conclusion: This study shows that, HFpEF
was seen in over 70% of patients with LVD, and it occurred at a relatively
younger age. Efforts should be made for prevention, early detection and con-
trol of conditions such as hypertension, diabetes and obesity which have been
shown to be associated with HFpEF.
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1. Introduction

Heart failure is a global health problem affecting over 26 million people world-
wide, with sub-Saharan Africa (SSA) having the highest mortality rate of 34%
[1]. Over the past decades, heart failure in SSA followed a unique trend, fre-
quently associated with left ventricular systolic dysfunction (LVSD), with the
commonest underlying conditions being hypertension, rheumatic heart disease,
and cardiomyopathy [2] [3] [4]. However, heart failure in SSA is expected to
undergo a significant epidemiologic transition by 2030, because of industrialisa-
tion and economic development [5]. The projected change in epidemiologic
transition would reflect the increasing life expectancy and the adoption of de-
trimental lifestyles which were previously alien to SSA [6] [7].

In relation to the epidemiologic transition, recent data suggest that heart fail-
ure with preserved ejection fraction is becoming more common in SSA like the
developed world [6] [8] [9]. Heart failure with preserved ejection fraction
(HFpEF) refers to left ventricular diastolic dysfunction (LVDD) in a heart fajlure
patient who maintains a normal left ventricular ejection fraction (LVEF) of >50%.
While heart failure with reduced ejection (HFrEF) is widely known to be related
to LVSD and has well documented treatment options, the management of HFpEF
is non-specific and dependent on the underlying condition [10]. Recent studies
have confirmed that comorbidities associated with HFpEF include chronic
hypertension, obesity and diabetes which are on the rise in SSA and poorly ma-
naged in many patients [11] [12]. The rising prevalence of HFpEF may therefore
reflect how well underlying comorbidities are being managed in SSA. However,
knowledge on the characteristics of HFpEF versus HFrEF in middle-income and
low-income countries remain scanty [13]. Given the persistently high mortality
rate from heart failure in SSA [1] [14], adequate knowledge on the current epi-
demiology of left ventricular dysfunction (LVD), including the prevalence of
HFpEF and HFrEF, can be helpful to targeting prevention and intervention
strategies that could minimize mortality rate.

Transthoracic echocardiography is a good investigation tool for assessing
HFpEF and HFrEF which was rarely used in SSA for the investigation and diag-
nosis of heart failure until recently. In particular, the diagnosis of HFpEF has so
many confounders and requires a much more objective method [11]. Existing
data on the prevalence of heart failure in most SSA countries were reported be-
fore Tissue Doppler Imaging (TDI) became common. As a result, the prevalence
of HFpEF and HFrEF were either not reported, or determination of HFpEF was
based on only pulsed wave (PW) Doppler which is limited in terms of differen-
tiating normal diastolic function from pseudo-normalization in individuals who

have moderate elevation of filling pressure [15].
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The purpose of this study, therefore, was to assess the epidemiology of LVD in
Ghana, using current standards of echocardiography. Ghana is one of the fastest
growing economies in SSA which recently transitioned from low to middle in-
come country. An evaluation on epidemiologic status of LVD in the out-patient

population was therefore necessary.

2. Methodology

We conducted a retrospective cross-sectional study on an out-patient population
who were referred to the Precise Specialist Clinic in Kumasi, Ghana for echocar-
diography, from January 2016 to December 2018. The study included all patients
aged =15 years, who were referred for echocardiography.

Kumasi is the second largest city in Ghana with a population of over 4 million.
As a cosmopolitan society, it has a wide range of the inhabitants from all walks
of life. The echocardiography laboratory of this clinic is opened to referrals from
all physicians in public and private practice. It therefore serves as a major refer-
ral centre for the northern part of Ghana.

A comprehensive transthoracic echocardiographic examination was performed
on all out-patient referrals, using GE Vivid S5 Ultrasound machine equipped
with 3 - 5 MHz sector transducer. All patients were examined in the left lateral
decubitus position. The standard scanning planes for assessing left ventricular
(LV) function were obtained, including the parasternal long and short axes
views, the apical views and the subcostal view. Three LV short-axis views (basal,
middle, and apical) and all standard LV apical views (4-, 2-, 3-chamber views)
were acquired. M-mode, 2D, colour Doppler, PW Doppler and TDI were obtained
in all patients. Image acquisition was obtained during held end-expiration to
minimize cardiac respiratory motion.

Quantitative assessment of left ventricular systolic function was based on the
parasternal long axis measurements of the ventricular dimensions, intraventri-
cular septum, and left ventricular posterior wall which were used in calculating
the ejection fraction in accordance with the Teichholz’s method. Systolic dys-
function was then determined by an ejection fraction of <50%, which was fur-
ther classified as mildly reduced ejection fraction (Ze. 40% - 49%) and signifi-
cantly reduced ejection fraction (<40%).

Assessment of diastolic function was based on the PW Doppler and TDI
which were obtained from the annulus of the mitral valve in the apical 4-chamber
view. PW Doppler was used in assessing the mitral valve inflow pattern which
obtained the peak of passive filling (E wave) and the peak of active filling (A
wave) for the calculation of E/A ratio. Deceleration time (DT) of the E wave was
also measured along with the isovolumic relaxation time. TDI was performed in
the apical views to obtain mitral annular velocities for the E/e' ratio calculation.
Diastolic dysfunction was determined by an E/A ratio of <1 or >2, and E/e’ ratio
of >9.

Colour Doppler was also used in assessing the mitral and tricuspid valves to

determine the presence or absence of regurgitation. Morphology of the valves
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were also assessed on greyscale.

Approval for the study was obtained from the Committee on Human Re-
search, Publications and Ethics of the Kwame Nkrumah University of Science
and Technology and KomfoAnokye Teaching Hospital.

Statistical Analysis

Data was double-entered into a Microsoft Excel Spread Sheet and exported to
Stata version 14.1 (StataCorp, Texas, USA) for statistical analysis. Descriptive
statistical analyses were performed and the results summarised in the propor-
tions, tables and a pie chart. Categorical variables and proportions were com-
pared using Fisher’s exact test and test of proportions respectively. P-value <

0.05 was considered to be statistically significant.

3. Results

Altogether, 594 individuals were referred for echocardiography from January
2016 and December 2018. Table 1 shows the demographic characteristics of the
population. Gender and age were fairly distributed below age 70, with a signifi-
cant female dominance at age 70 and above. Over 60% (367/594) of the popula-
tion were above 50 years.

LVD was detected in 364 individuals, which represent 61.3% of the study
population (average age: 59.4 years = 15.1). Other findings include: dilated left
ventricle, dilated left atrium, concentric left ventricular hypertrophy, mitral re-
gurgitation (MR), and tricuspid regurgitation (TR) as shown in Table 2.

LVSD was found in 16.5% (98/594) of the population (average age: 57.9 years
+ 17.0), including 5.4% (32/594) with mildly reduced ejection fraction and 11.1%
(66/594) with significantly reduced ejection fraction. Most individuals with LVSD
also had MR (79.0%) and TR (74.5%). LVSD was also significantly associated
with dilated left ventricle and dilated left atrium as shown in Table 3.

Table 1. Age and gender distribution of study population.

Gender Total Age group
<30 30 - 49 50 - 69 70 - 89 =90
Male
Frequency 296 27 91 137 39 2
Percentage 49.8% 52.9% 51.7% 53.1% 37.5% 40.0%
Female
Frequency 298 24 85 121 65 3
Percentage 50.2% 47.1% 48.3% 46.9% 62.5% 60.0%

Total (%) 594 (100%) 51 (100%) 176 (100%) 258 (100%)104 (100%) 5 (100%)

p-value = 0.089
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Table 2. Left ventricular dysfunction and associated factors.

Characteristics Dilated Concentric Dilated MR AR AS TR PR
LV LVH Left N (%) N (%) N (%) N % N (%) N (%)
N (%) N (%) Atrium
N (%)
Total Participants 89 (15.0) 308 (51.9) 147 (24.7)  143(25.0)  3(0.5) 35(5.9) 4(0.7) 193 (32.5) 59 (9.9)
Normal LV Function 8 (3.5) 68 (29.6) 25 (10.9) 22 (10.0) 0 (0.0) 5(2.2) 0 (0.0) 63 (27.4) 12 (5.2)
LVD 81 (22.3) 240 (65.9) 122(33.5)  121(34.3)  3(0.8) 30(8.2) 4(11) 130(357) 47 (12.9)
LVSD 68 (69.4) 49 (50.0) 63 (64.3) 77 (79.0) 0(0.0) 15(153) 2(2.0) 73 (74.5) 29 (29.6)
LVDD 69 (20.1) 228 (66.3) 109 (31.7) 106 (31.8)  3(0.9) 27 (7.8) 4(12)  117(34.0) 43 (12.5)
Table 3. Echocardiography findings associated with (LVSD).
RISK FACTOR YES NO TOTAL P-VALUE
N (%) N (%) N (%)
1) Left Ventricular Systolic Dysfunction LVSD
Sex: Male 50 (51.0) 246 (49.6) 296 (49.8)
Female 48 (49.0) 250 (50.4) 298 (50.2) 0.797
Age group: <30 6 (6.1) 45 (9.1) 51 (8.6)
30 -49 23 (23.5) 153 (30.8) 176 (29.6)
50 - 69 43 (43.9) 215 (43.3)  258(43.4)
70 - 89 25 (25.5) 79 (15.9) 104 (17.5)
>90 1(1.0) 4(0.8) 5(0.8) 0.154
Dilated LV: Yes 68 (69.4) 21 (4.2) 89 (15.0)
No 30 (30.6) 475 (95.8) 505 (85.0) <0.0001
LVH: Yes ...... Yes 49 (50.0)  259(52.2) 308 (51.9)
No 49 (50.0) 237 (47.8) 286 (48.1) 0.688
Dilated Left Atrium: Yes 63 (64.3) 84 (16.9) 147 (24.7)
No 35(35.7) 412 (83.1) 447 (75.3) <0.0001
2) Left Ventricular Diastolic Dysfunction (LVDD):
Sex: Male 167 (48.5) 129 (51.6) 296 (49.8)
Female 177 (51.5) 121 (48.4) 298 (50.2) 0.462
Age group: <30 13 (3.8) 38 (15.2) 51 (8.6)
30 - 49 66 (19.2) 110 (44.0) 176 (29.6)
50 - 69 183 (53.2) 75 (30.0) 258 (43.4)
70 - 89 81 (23.5) 23 (9.2) 104 (17.5)
>90 1(0.3) 4(1.6) 5(0.8) <0.0001
Dilated LV: Yes 69 (20.1) 20 (8.0) 89 (15.0)
No 275 (79.9) 230 (92.0) 505 (85.0) <0.0001
LVH Yes 228 (66.3) 80 (32.0) 308 (51.9)
No 116 (33.7) 170 (68.0) 286 (48.1) <0.0001
Dilated left atrium Yes 109 (31.7) 38 (152) 147 (24.7)
No 235 (68.3) 212 (84.8) 447 (75.3) <0.0001
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The total population with LVDD was 57.9% (average age: 59.4 years + 14.9).
LVDD was predominant in individuals above 50 years, with 44.6% (265/594) in-
dividuals above 50 years having LVDD. Again, out of a total of 367 subjects
above 50 years, the prevalence of LVDD was 72% (265/367). Echocardiography
findings that were associated with LVDD included dilated left ventricle, dilated
left atrium, and concentric left ventricular hypertrophy as shown in Table 3.

Again, the total population with both LVSD and LVDD was 13.1% (see Figure
1). Hence, the prevalence of HFpEF and HFrEF were 44.8% and 16.5% respec-
tively, which yielded the total of 61.3% prevalence of LVD in the entire echocar-
diography out-patient population.

Lastly, the LVD population which comprised of 364 out-patients had 73%
(266/364) with HFpEF and 27% (98/364) with HFrEF.

4. Discussion

The purpose of this study was to investigate the epidemiology of LVD in patients
who were referred for echocardiography in an out-patient setting in Ghana. The
results show that 61% of the outpatient population referred for echocardiogra-
phy between 2016 and 2018 had LVD at a mean age of 59 years. In this LVD
population, HFpEF and HFrEF accounted for 73% and 27% respectively. The
mean age of patients in this study is consistent with the mean age of heart failure
reported by previous studies in Ghana [4] [9] [14]. Amoah and Kallen [16], re-
ported a lower mean age of 42 years in Accra, Ghana because their study in-
cluded both children and adults. Various studies in the SSA have reported mean
age of heart failure between 50 - 60 years [17]-[23]. This shows that heart failure
is seen about two decades earlier in SSA populations than in the developed
countries [24].

This study has also shown that over 70% of LVD in the out-patient population
in Ghana is due to HFpEF. This is higher than the findings of Bonsu et al [14]

LVSD only
3.4%

LVDD only
44.8%

LVSD + LVDD
13.1%

Figure 1. Percentage distribution of left ventricular dysfunction.
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and Abebe et al [8] who reported <60% HFpEF in hospitalized patients in Gha-
na and Ethiopia respectively. However, it is also evident that their patients were
not evaluated with TDI in the assessment of HFpEF; and as a result, patients
with pseudo-normalization were not detected [15]. The over 70% HFpEF in this
population is the highest being reported by a study from SSA. It however agrees
with Martinez-Brafia ef al [25] and Kaneko et al. [26] who obtained similar per-
centages in Spain and Japan respectively, even though their HFpEF population
were far older patients than the population in Ghana. It suggests that HFpEF
occurs in SSA patients at a younger age than patients in the developed world
where HFpEF is associated with older patients who are mostly women and living
with chronic hypertension, diabetes or obesity [11]. In this Ghanaian study, the
HFpEF population was rather younger, averagely less than 60 years old, and far
below the mean age of 80 years reported by Martinez-Brafia ef a/ [25] in Spain.
However, it is known that blacks have a substantially higher risk for hyperten-
sion at a younger age than whites [27] which suggests that HFpEF in blacks may
also be occurring at a younger age. Moreover, research has shown that although
the prevalence of hypertension is declining in developed countries, the trend in
SSA is rather on the rise [28] and poorly controlled, with several cases of hyper-
tension undetected [29]. The increasing burden of hypertension obviously
makes inhabitants of this region susceptible to HFpEF. Efforts should be made
for prevention, early detection and control of hypertension, diabetes and obesity
which have been shown to be associated with HFpEF [11].

On the other hand, HFrEF in this population was less than a third of LVD
cases. This is lower than previous reports by Owusu et al [9] and Bonsu et al
[14] in Kumasi, Ghana. Patients with HFrEF tend to have severe symptoms,
more likely to be hospitalized; and less likely to be seen in out-patient settings
than patients with HFpEF. This might explain the lower prevalence rate of
HFrEF seen in this study. Another noteworthy finding of the present study is
that 79% of patients with HFrEF also had MR, a condition which is associated
with poor long-term survival rate [30]. In addition, there was high percentage of
left ventricular and left atrial dilation in relation to HFrEF in this population
(see Table 2), which are usually associated with functional MR. Functional MR
often develops in patients with severe systolic dysfunction [31] and that the high
percentage of such cases in this population suggests that patients with HFrEF do
not report early for treatment until the condition gets worse, leading to the
higher likelihood of hospitalization with associated increased mortality rate [1].

The limitations of this study are that there were no provisions to follow-up on

the outcome of these cases, as most of them were only referred for echocardio-
graphy.

5. Conclusion

In conclusion, HFpEF was seen in over 70% of patients with LVD in this study,
and it occurred at a relatively younger age than those seen in developed coun-

tries. Efforts should be made for prevention, early detection and control of con-
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ditions such as hypertension, diabetes and obesity which have been shown to be
associated with HFpEF. Early diagnosis and management of heart failure should
therefore be promoted to minimize hospitalization and improve survival of pa-

tients with heart failure.
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