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Abstract

Data on cardiovascular disease, including arrhythmias, in Africa is limited. However, the burden of cardiovascular disease
appears to be on the rise. Recent global data suggests an increase in atrial fibrillation rates despite declining rates of rheumatic
heart disease. Atrial fibrillation is also associated with increased mortality in Africa. Current management with medical therapy is
sub-optimal and ablation procedures, inaccessible. Atrial fibrillation is also an independent risk factor for death in patients with
rheumatic heart disease. Sudden cardiac deaths from ventricular arrhythmias are under-recognized and inadequately treated with
very high rates out of hospital cardiac arrest due to poor education of the general public on cardiopulmonary resuscitation skills
and lack of essential healthcare infrastructure. Use of cardiac devices such as implantable defibrillators and pacemakers is low
with significant regional variations and is almost non-existent in sub-Saharan Africa. There is a great unmet need for arrhythmia
diagnosis and management in Africa. Governments and healthcare stakeholders need to include cardiovascular disease as a

healthcare priority given the rising burden of disease and associated mortality.
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1 Introduction

Africa is the world’s second largest continent and accounts for
16% of the world population [1]. The adoption of western
culture has led to the development of hypertension, obesity,
coronary artery disease, and diabetes, which has contributed to
an increased risk of atrial fibrillation (AF) and sudden cardiac
death (SCD) [2]. Data on the prevalence and management of
arrhythmias in Africa is limited [3—5] and no national regis-
tries are available [6]. In addition, guidelines geared toward
the African population for the management of cardiovascular
disease including cardiac arrhythmias are limited. The South
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Africa Heart Association subscribes to the guidelines issued
by the European Society of Cardiology but also publishes
position papers and commentary on specific guidelines for
local circumstances [7]. Although multiple international
guidelines created in North America and Europe are readily
available for review in African countries, studies have not
evaluated whether this has been accompanied by provider
compliance with the guidelines.

Information on general health indicators in sub-Saharan
Africa are sparse and cardiovascular epidemiology data is
even more so. There are varying concerns regarding data qual-
ity due to poor data collection methods and limited healthcare
infrastructure for data gathering, processing, and analysis.
Direct epidemiological data are not available and there are
no vital registration systems in 42 of 46 countries in sub-
Saharan Africa which causes significant difficulty in estimat-
ing mortality and burden of disease in this region [2]. The
2010 global burden of disease study provides some insight
into cardiovascular disease burden in Africa and showed the
leading cardiovascular cause of death and disability in sub-
Saharan Africa was stroke [2, 8]. In addition, the largest rela-
tive increase in cardiovascular disease burden was in atrial
fibrillation with a 91% increase in disability-adjusted life
years (DALY's) between 1990 and 2010 [8].

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s10840-018-0398-z&domain=pdf
http://orcid.org/0000-0002-8300-6277
mailto:Kusumoto.Fred@mayo.edu

128

J Interv Card Electrophysiol (2019) 56:127-135

1.1 Supraventricular arrhythmias

AF is the most common sustained arrhythmia in developed
countries [9]. The prevalence of AF is reportedly lower in
Africa than in the developed world with significant variation
across different countries: South Africa 4.6%, Ivory Coast
5.5%, Senegal 5.4%, Kenya 0.7%, Tanzania 0.7% [10], and
approximately 3.5% in Nigeria based on two hospital-based
retrospective studies [11, 12] (Fig. 1). These low prevalence
estimates may be skewed by poor health-seeking behaviors
and limited diagnostic equipment in poorly developed health
systems. On the other hand, there are reports of a higher prev-
alence of rheumatic valvular heart disease [10] in Africa com-
pared to the developed world. It is unknown if valvular AF is
more common than non-valvular AF in Africa. Results from
one study showed approximately 22% of African patients with
AF had rheumatic heart disease [13]. Based on the global
burden of disease study, the prevalence of rheumatic heart
disease in Africa is declining but not AF [8], which suggests
an increase in non-valvular AF.

A multi-center observational study of AF patients done in
2010 showed patients from the Middle East and Africa were
more likely to be younger and female [3]. The global burden
of disease study from 2010 showed AF was more common in
men but women with AF had a higher mortality [8]. It is
plausible that increasing rates of likely undiagnosed AF may
be contributing to the increased burden of stroke-related mor-
bidity and mortality in Africa. Under-recognition of supraven-
tricular arrhythmias subsequently leads to little or no treat-
ment. Thus, the risk of tachycardia-mediated cardiomyopathy
is likely increased in the African population with atrial fibril-
lation and atrial flutter being the most commonly associated
arrthythmias [14]. The RELY AF study is a global prospective
registry which included patients from 10 African countries
who presented to the emergency room with AF between
2008 and 2011 [13]. They showed patients from Africa had
the youngest median age (57 years) compared to North
America (70 years) or Europe (69 years).

Permanent AF in Africa is also reported to be more com-
mon ranging from 40% to as high as 81% compared to par-
oxysmal AF which ranges from 9 to 40% [9, 10, 13]. The
prevalence of heart failure among patients with AF in Africa
was estimated to be approximately 64% with more than 60%
of these being heart failure with reduced ejection fraction [13].

Anticoagulant and rate-controlling medications are the
mainstay therapy for AF management. Although warfarin is
readily available and affordable, anticoagulation rates remain
poor in Africa [15] as such, it is possible that this may be
contributing to the high stroke-related morbidity and mortality
in Africa. The RELY AF registry showed approximately 16%
of African AF patients were on warfarin and an additional 4%
on other vitamin K antagonist, with the mean time in therapeu-
tic range of 32.7% compared to 62.4% in Western Europe and
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50.9% in North America [13]. A prospective study done in
Cameroon showed only a third of AF patients followed by
cardiologist were on oral anticoagulation with a 1-year mortal-
ity rate of 30% [9]; however, about 50% of the patients origi-
nally enrolled were lost to follow-up. The global rheumatic
heart disease registry (REMEDY) which included 12 African
countries [16] showed AF to be a significant independent risk
factor for mortality in this population with a 40% increase in the
risk of death (hazard ratio: 1.4, 95% CI. 1.10-1.78) [17].
Retrospective studies done in Nigeria also identified atrial fi-
brillation as a precipitating factor for heart failure [18] as well as
a co-occurring condition [19]. Medications used for rate or
rhythm control were very low among African patients with
prior history of AF. Less than a third were treated with aspirin,
21.7% treated with a (3-blocker, 34.5% treated with digoxin,
2% treated with verapamil/diltiazem, and only 5.4% treated
with anti-arrhythmic medications including amiodarone,
flecainide, propafenone, and sotalol [13].

Novel oral anticoagulants (NOACs) are not readily accessi-
ble in Africa and its approval for use varies in different coun-
tries. Dabigatran was approved for use in Namibia in 2011, and
in 2014, rivaroxaban and dabigatran were approved in Kenya
[10]. Rivaroxaban and dabigatran (approved in 2013) are also
available in South Africa [10, 20]. Rivaroxaban is the only
NOAC approved for use in Nigeria whereas in Uganda and
Zimbabwe, NOAC therapy was not available [10] as of 2015.
However, approvals are likely continuing, so this list may need
to be periodically evaluated and updated. Limited current in-
formation is available on NOAC availability, prescribing pat-
terns or use in many countries in Africa.

1.2 Ventricular arrhythmia/sudden cardiac death

Sudden cardiac death (SCD) is an unexpected fatal event oc-
curring in an apparently healthy subject usually resulting from
cardiac arrhythmias such as ventricular fibrillation [21-23].
SCD occurs in Africa; however, the epidemiology of sudden
cardiac arrest (SCA) is unknown [5]. A single study done in
Cameroon estimates the burden of SCD (33.6 deaths per
100,000 person-years) to be similar to the incidence reported
in developed countries [24]. An accurate estimate of SCD inci-
dence in Africa is limited by the fact that SCD occurs in an
unexpected manner and the practical application of the univer-
sal definition of SCD may be limited by retrospective analyses
of death certificates and poor exclusion of non-cardiac causes of
death [25]. As such, the most accurate way to estimate SCD
incidence would be a prospective ascertainment of cases rather
than a retrospective review of death certificates [25]. About
80% of SCDs are attributed to coronary artery disease (CAD)
and autopsies in African countries revealed that SCD attribut-
able to CAD was on the rise [25, 26]. In Nigeria, hypertensive
heart disease and myocardial infarction were common causes of
SCD [27, 28]. In Ethiopia, the most common cause of SCD was
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CAD as noted on autopsy [29]. Ventricular arrhythmias in pa-
tients with CAD typically occur as a result of acute coronary
syndrome (ACS) or re-entry from previous myocardial scarring
[25, 30, 31]. Other causes of ventricular arrhythmia, especially
in the younger African population, include long QT syndrome,
Brugada syndrome, arrhythmogenic right ventricular cardiomy-
opathy (ARVC), and hypertrophic cardiomyopathy [25, 30]. In
Tunisia, 24 patients with Brugada syndrome were followed for
26 months; 11 patients had a family history of SCD, an elec-
trophysiological study induced ventricular fibrillation in six pa-
tients, and an implantable cardioverter defibrillator (ICD) was
required in 14 patients [24]. ARVC was diagnosed in 50 pa-
tients in South Africa over a 5-year period from 2004 to 2009
based on referral by their physicians with the mean age at
symptom onset and male predominance similar to those report-
ed in other studies [32]. In addition, a history of syncope and
sustained ventricular tachycardia were strongly associated with
mortality in patients without an ICD [32]. Long QT syndrome
and Lenegre’s disease have been described in Africa, although
reports from South Africa suggest the genetic forms of long QT
syndrome to be more prevalent among whites and absent in
blacks [33].

Time is of paramount importance in patients who suffer
SCA. Prompt defibrillation is required in SCA patients since
survival decreases by 3—4% without immediate cardiopulmo-
nary resuscitation (CPR) and by 7-10% without any CPR at
all [34]. Ninety-five percent of patients die after 10 min or
longer without defibrillation [34]. Automated external defi-
brillators (AED) are portable devices that analyze cardiac
rhythm, deliver electrical shock required for ventricular tachy-
cardia or fibrillation, and can be operated by an amateur per-
son [30, 35, 36]. The implementation of basic life support

Nigeria Senegal South Africa Tanzania

(BLS) and advanced cardiac life support (ACLS) in Africa is
rare [37]. Bonny et al. reviewed all deaths in two health areas
in Douala, Cameroon, and found an age-standardized SCD
rate of 33.6 per 100,000 person-years, 88.9% were witnessed
cardiac arrests, but only 3.7% had CPR attempted [24]. In
Nigeria, multiple small surveys demonstrated that a majority
of healthcare workers including physicians, nurses, and med-
ical students did not have adequate BLS/ACLS training and
could not operate an AED [38—41]. Although AEDs are avail-
able in South Africa, its use is still limited due to the cost of a
large-scale roll out and a focus on primary healthcare needs
rather than the emergency care needs of the community [42].
Veronese et al. also described poor CPR competency among
emergency medical service (EMS) personnel in South Africa
[43].

ICD, cardiac resynchronization therapy defibrillator (CRT-
D), and wearable cardioverter defibrillator (WCD) are devices
recommended for the prevention of SCD provided expected
survival is greater than 1 year [44]. In sub-Saharan Africa,
visiting specialists help with implanting ICD or CRT devices;
however, implantation rates are still very low. South Africa
and Kenya are the only countries in sub-Saharan Africa who
appear to be self-sufficient with implanting devices while
Tunisia has the highest ICD implantation rate in Africa with
12.8 implants per million population [6]. Mauritius, Tunisia,
and South Africa had the highest rate of CRT device
implantation.

1.3 Bradyarrhythmia

The incidence of bradycardia in Africa is unknown.
Permanent pacemakers are implanted primarily for
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symptomatic bradycardia, Mobitz type II atrioventricular
block, complete heart blocks, and heart failure management
(CRT-P) [45]. The Pan-African Society of Cardiology
(PASCAR) collected data from 31 African countries from
2011 to 2016 on the use of cardiac implantable electronic
devices and catheter ablation procedures [6]. At least, 30%
of African countries had limited access to pacemaker insertion
and eight of the 31 countries surveyed (26%) did not have
access to pacemaker implantation [6]. In South Africa, major-
ity of patients received pacemakers due to complete heart
block from degeneration of conduction pathways, post myo-
cardial infarction, and post valve replacement [46]. Mauritius
and Tunisia had the highest number of pacemaker implanta-
tion centers per million population (~6-7 centers) while all
other African countries surveyed had <1 center per million
population [6] (Fig. 2). Dual-chamber pacing is rare but avail-
able in South Africa and Ghana. It appears single-chamber
pacing may be preferred given lower associated cost and ex-
pertise required for placement [6]. A single-site study in
Nigeria reports the establishment of pacemaker implantation
services in 2008 with only 51 implants done over a 4-year
period from 2008 to 2012 [47]. Senegal had an average of
30 pacemaker implants a year over a 3-year study period,
mostly for complete heart block and also used more recycled
pacemakers [48].

2 Challenges to arrhythmia management
in Africa

2.1 Healthcare resource challenges

One of the biggest challenges to managing arrhythmias in
Africa is diagnosing it. The appropriate management of ar-
rhythmias in Africa has been hampered by inadequate invest-
ments in health systems that are capable of diagnosing and
treating arrhythmias. According to the WHO, the current
health expenditure in 2015 as a percentage of gross domestic
product (GDP) in South Sudan was 3%, Nigeria 4%, and
South Africa 8%. This is compared to 10% in the UK and
17% in the USA [49].

Additionally, many African countries have a high burden
of infectious diseases to which majority of resources are allo-
cated. Consequently, non-communicable chronic diseases
such as cardiovascular disease are not often considered public
health priorities. For example, the primary healthcare center is
the closest point of contact to healthcare for millions of people
who live in rural and semi-urban areas. Many primary health
centers however do not have EKG machines to diagnose ar-
rhythmias and these cases are missed and not referred to ter-
tiary centers [50]. For cases referred to tertiary centers, many
of these also do not offer device therapies such as cardiac
pacemakers, defibrillators, or cardiac resynchronization
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therapy (CRT) devices due to high cost of device and lack of
trained physicians (electrophysiologists) to implant them [51].
The estimated cost of a pacemaker generator and device leads
ranges from US$3300 to US$4000 while an ICD generator
with device leads costs between US$30,000 and US$50,000
[52].

The inadequacy of other healthcare resources such as anti-
coagulants, oral and intravenous anti-arrhythmic medications,
and other supplies also contributes to the limited management
of arrhythmias [53].

2.2 Health system challenges

In the past few years, there has been a strong drive to improve
the health systems in many African countries and reduce the
focus on single disease. Although the relative burden of com-
municable diseases such as HIV/AIDS and malaria has de-
clined, it still remains one of the top drivers of health loss in
most countries in sub-Saharan Africa. The disease burden
from non-communicable diseases, particularly stroke, has in-
creased in the region among the upper- and middle-income
countries [54]. Specifically in sub-Saharan Africa, the burden
of stroke, ischemic heart disease, and diabetes has increased
between 1990 and 2010 by 31, 37, and 88% respectively
while the burden of diarrheal diseases and lower respiratory
infections have decreased by 34 and 22% respectively (Fig. 3)
[54].

While some progress has been made in strengthening
health systems, a lot more still has to be done. For example,
many countries need to strengthen infrastructure and networks
that make the health systems function smoothly. Investments
need to be made so that good roads, electricity, constant water
supply, and emergency care services are functional and acces-
sible to all. Additionally, healthcare access needs to be im-
proved through the development and expansion of national
health insurance programs. In Nigeria, many patients typically
have to pay out of pocket for healthcare, which has catastroph-
ic economic and financial implications for families [55-57].
Other African countries face the same challenges with
healthcare financing. A comparative study of five African
countries (Ethiopia, Ghana, Kenya, Rwanda, and Tanzania)
showed that although these countries have introduced social
health insurance programs, many of their poor citizens are still
not covered by these health insurances or health services are
not within reach [58]. There is a growing momentum for uni-
versal healthcare coverage and governments must create an
enabling environment as well as policy incentives to ensure
that all citizens have access to health insurance.

2.3 Manpower challenges

As the burden of cardiovascular diseases continues to rise in
Africa, the shortage of trained cardiologists and



J Interv Card Electrophysiol (2019) 56:127-135

131

(a)
Lybia ] 7.98
Senegal ] 7.81
Cameroon | 2.66
Kenya | 1.72
Ivory Coast | 1.29
Uganda | 1.05
Mali ] 0.96
Togo | 0.85
Benin ] 0.78
Ghana | 0.61
Burkina Faso ] 0.47

Nigeria 0.23

T T T T 1

0 2 4 6 8 10

(b)

Mauritius 218
Tunisia 223
South Africa 114
Algeria 65
Morocco 34
Egypt 33

Sudan 13

T T T T T 1

0 50 100 150 200 250

Fig. 2 a, b Pacemaker implantation rates per million population in Africa by country, 2013 estimates [6]. a shows countries with very low implantation

rates and b shows African countries with higher implantation rates

electrophysiologists remains an important challenge to the
management of cardiovascular conditions in general and ar-
rhythmias specifically. Additionally, there are very few tho-
racic and cardiac surgeons. Estimates from 2016 suggest that
there are approximately 200 cardiologists for 52 million South
Africans [51] and 80 cardiologists in Senegal with a popula-
tion of 14.2million [59]. In the USA, it is estimated that there

were approximately 30,000 cardiologists in 2013 for a popu-
lation of 320 million [60, 61]. The limited manpower is also
due to inadequate advanced post graduate cardiac training in
electrophysiology in Africa [6]. For example, in South Africa,
there are only eight programs with the ability to train a cardi-
ologist. General cardiology training is usually over a 3-year
period after completing 4 years of training as a general
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Fig. 3 Change in disease burden for 10 common diseases between 1990
and 2010, measured in disability adjusted life years (DALY) [54]. Bars to
the right of the vertical line show the proportion by which DALY's have
increased while bars on the left showed the proportion by which DALY's
have decreased over the 20-year period. Uncertainty intervals (UI)
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displayed with error bars. *Proportion increase much greater than
shown in figure—DALY for HIV increased by 328% (95% UI: 274—
393). Data obtained from the global burden of disease study, sub-
Saharan Africa region
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medicine physician [51]. Currently, EP training is only offered
at the University of Cape Town, Groote Schuur Hospital [62,
63], in South Africa (first fellow appointed in 2010) and there
are only 13 registered EP physicians in the country [51]. The
West African College of Physicians (WACP) includes eight
chapter countries—Gambia, Ghana, Ivory Coast, Liberia,
Nigeria, the Republic of Benin, Senegal, and Sierra Leone
[64]. WACP’s residency training curriculum currently requires
an initial 24-month training in internal medicine and a subse-
quent 36-month focused subspecialty training fellowship in
general cardiology. Although general cardiology fellows are
encouraged to gain exposure to advanced cardiology tech-
niques, there are no advanced fellowship training programs
in electrophysiology, interventional cardiology, or advanced
heart failure at this time. Consequently, there are concerns that
implementation of standard protocol and guideline-directed
medical therapy for arrhythmia management are likely not
followed given the expertise is limited. In the USA, the
American Board of Internal Medicine (ABIM) subspecialty
board on cardiovascular diseases requires 3 years of fellow-
ship training in general cardiology following completion of a
3-year residency training in internal medicine. Additional
years of training is required for advanced specialty fellow-
ships in clinical cardiac electrophysiology, interventional car-
diology, advanced heart failure and transplant cardiology, and
adult congenital heart disease [65]. Optional training in pace-
maker implantation is available during the 3 years of general
cardiology training if 6 months is dedicated to acquiring the
knowledge and skills required. However, an additional mini-
mum 12 months of training is required after the standard 3-
year general cardiology training to obtain privileges to implant
cardiac implantable electrical devices (CIED) including ICD
and biventricular devices [66].

3 Proposed solutions

A robust response to the complex challenges of arrhythmia
management in Afiica requires a strategic framework for action.
The first step is for countries to realize the magnitude of the
challenges and articulate a cohesive and well-thought-out re-
sponse. Increasing healthcare spending will help but it is not
the “cure-all.” Some key reforms in domestic healthcare financ-
ing can help. In the near term, efforts can be made to raise
money through innovative financing mechanisms such as luxu-
ry tax, tobacco taxes, airline ticket taxes, and lotteries [67].
Country budgets and funding allocations have to be properly
accounted for and spent on the right priorities which will ulti-
mately improve the health system. The PASCAR report demon-
strated that indicators of good governance, such as high GDP
per capita, life expectancy at birth, health expenditure as per-
centage of GDP or per capita, and human development index,
were directly related to better cardiac arrhythmia services [6].
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An enabling environment also has to be created to recruit
and train cardiologists and electrophysiologists. The govern-
ment must provide the right incentives to encourage young
physicians to train in the field of cardiology such as improved
pay, opportunities to train overseas, and the provision of nec-
essary healthcare infrastructure and diagnostic equipment.
The lack of international standard fellowship programs in
African countries has been identified as one of the main
drivers of poor interventional cardiac arrhythmia care [6].
Physician expertise can also be improved by creating training
partnerships within Africa, where North African countries
with better arrhythmia care and management can provide
training opportunities for physicians in sub-Saharan Africa.
To address training deficiencies, a 6-month PASCAR fellow-
ship in cardiac pacing was recently established in South Africa
and their first fellow started in March 2016 [51]. In addition,
the University of Cape Town also recently started the first
interventional cardiology training program in sub-Saharan
Africa as a 2-year master’s degree with 1 year of clinical
training and 1 year of practical training and the first candidate
began training in March 2017 [68]. The PASCAR fellowship
is also used to train physicians and technologists in other
African countries such as Kenya and Sierra Leone. The
long-term goal of this fellowship is to provide the needed
skills for device implantation in underserved African countries
[52]. In addition, the team is looking at alleviating CIED cost
by encouraging device donation for reuse if they have suffi-
cient battery life [52].

3.1 Device therapies, EP procedures, and diagnostic
tools

The high cost of devices such as pacemakers and ICD for
arrhythmia management has been reported to be a major lim-
itation in providing these therapies to patients in low-income
countries like Africa [6, 69]. Diagnosing arrhythmias also
pose a challenge in resource-poor areas of Africa where basic
diagnostic tools such as electrocardiograms are scarce in mul-
tiple healthcare settings ranging from outpatient clinics to in-
patient settings [70]. As such, patients with treatable arrhyth-
mias are likely missed, develop complications or experience
sudden death. Ablation procedures are scarce to non-existent
in many regions in Africa with no EP center in sub-Saharan
Africa (with the exception of South Africa and Senegal) [6].
Although South Africa has EP services, they still depend
mostly on device representatives for troubleshooting and de-
vice interrogation [51]. Novel portable cardiac monitoring de-
vices available directly to consumers (such as Fitbits, Apple
Watch, and Kardia mobile) may present a unique opportunity
for improved diagnosis in Africa but are they well equipped to
manage these patients who were previously unidentified?
Governments, device manufacturers, non-profit non-gov-
ernmental organizations, physician associations, and other
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stakeholders all have a role to play in improving access to
arrhythmia care in Africa and the PASCAR report provides a
call to action and identifies an urgent need for expansion of EP
services in Africa.

4 Conclusion

Arrhythmias potentially affect millions of people in Aftrica but
remain undetected and untreated. There is no gainsaying that
the proper detection and management of arrhythmias will re-
duce arrhythmia-associated morbidities such as stroke and
heart failure. It will also reduce sudden cardiac death. While
the size and complexity of arrhythmia in Africa cannot be
captured easily, the overarching message of this article is that
further research and analysis are needed with regard to the
epidemiology and management of cardiovascular diseases in-
cluding arrhythmias in Africa. Additionally, the significant
gaps in manpower, health systems, and healthcare resources
must be bridged so that key global recommendations and
guidelines regarding arrhythmias can be implemented. A
unique responsibility lies with national governments as efforts
are made to address the challenges discussed above. We hope
that this article will inspire scholars, practitioners, and govern-
ments to action on cardiovascular disease in Africa.
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