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Delivery of comprehensive arrhythmia care requires the simul-
taneous presence of many resources. These include complex hos-
pital infrastructure, expensive implantable equipment, and
expert personnel. In many low- and middle-income countries
(LMICs), at least 1 of these components is often missing, result-
ing in a gap between the demand for arrhythmia care and the
capacity to supply care. In addition to this treatment gap, there
exists a training gap, as many clinicians in LMICs have limited
access to formal training in cardiac electrophysiology. Given the
progressive increase in the burden of cardiovascular diseases in
LMICs, these patient care and clinical training gaps will widen
unless further actions are taken to build capacity. Several stra-
tegies for building arrhythmia care capacity in LMICs have been
described. Medical missions can provide donations of both
equipment and clinical expertise but are only intermittently pre-
sent and therefore are not optimized to provide the longitudinal
support needed to create self-sustaining infrastructure. Use of
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donated or reprocessed equipment (eg, cardiac implantable elec-
tronic devices) can reduce procedural costs but does not address
the need for infrastructure, including diagnostics and expert
personnel. Collaborative efforts involving multiple stakeholders
(eg, professional organizations, government agencies, hospitals,
and educational institutions) have the potential to provide lon-
gitudinal support of both patient care and clinician education in
LMICs.
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Introduction
The impact of noncommunicable diseases, including car-
diac arrhythmias, is growing fastest in low- and middle-
income countries (LMICs). Diagnostic and therapeutic in-
terventions for cardiac arrhythmias are among the most
resource-intensive within cardiology and can be particu-
larly difficult to provide in environments where resources
are constrained. Failure to address the unmet need for
arrhythmia care in these resource-constrained environ-
ments could have severe public health consequences on
a global scale.

In addition to the gap between supply and demand for
arrhythmia care in LMICs, there exists a training gap, as
many clinicians working in resource-constrained environ-
ments have decreased access to training in cardiac electro-
physiology (EP). In this review, we describe the
challenges that limit the provision of cardiac arrhythmia
care in resource-constrained environments. We also
discuss strategies that could address some of the chal-
lenges responsible for identified gaps in arrhythmia care
delivery.1
Epidemiology of cardiac arrhythmias in
resource-constrained environments
Inability to address the increasing burden of noncommunica-
ble diseases, notably cardiovascular diseases, in LMICs
could result in avoidable human suffering and economic
destabilization.2 The most recent Global Burden of Disease
Study revealed that among noncommunicable diseases, car-
diovascular disease is the leading cause of mortality world-
wide.3 Cardiovascular disease carries twice the mortality
rate of HIV/AIDS, malaria, and TB combined.4 Data from
the 2019 Global Burden of Cardiovascular Diseases and
Risk Factors report revealed regional disparities in
disability-adjusted life years (DALYs) associated with car-
diovascular disease. The greatest impact on DALYs was pre-
sent in Africa, Eastern Europe, Central Asia, the Middle East,
and Oceania.2 This study also revealed that women were
disproportionately affected by cardiovascular diseases in
these regions.

Cardiac arrhythmias are thought to contribute to a signif-
icant proportion of cardiovascular disease burden in LMICs,
but data pertaining to the incidence of cardiac arrhythmias are
lacking in many regions.5 There are few studies describing
the incidence of heart block, sudden cardiac death, or tachy-
arrhythmia in large parts of Africa, Eastern Europe, and Cen-
tral Asia. It is possible that reduced access to diagnostic
studies and treatment in some of these regions may lead to
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KEY FINDINGS

- Delivery of comprehensive arrhythmia care, which is
typically resource-intensive, is challenging in resource-
constrained environments.

- Several strategies that address challenges associated
with arrhythmia care delivery in low- and middle-
income countries have been described. These include
medical missions, utilization of donated/reprocessed
devices/catheters, and cardiac electrophysiology
training programs involving cooperation between
multiple stakeholders.

- The unique features of each resource-constrained
setting must be understood in detail if attempts to
build arrhythmia treatment capacity are to be suc-
cessful.

- Building locally sustainable infrastructure is key to
achieving durable increase in arrhythmia treatment
capacity.
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underreporting of the true burden of cardiac arrhythmias.4,5

There are no studies indicating that the burden of cardiac ar-
rhythmias is clearly different in high-income countries
(HICs) and LMICs.
Current state of cardiac arrhythmia care in
resource-constrained environments
Incidence of heart block vs pacemaker availability
in resource-constrained environments
The worldwide prevalence of third-degree heart block is esti-
mated to be 0.04%.6 It is estimated that 2.5 million people die
annually due to lack of access to pacemaker implantation.7 In
the United States, the permanent pacemaker (PPM) implanta-
tion rate is approximately 62 per 100,000 people, and the
implantable cardioverter-defibrillator (ICD) implantation
rate is approximately 46 per 100,000 people (based on data
from 2006).8,9 The PPM implantation rate in Western Europe
was estimated to be 103 per 100,000 people in 2014.10 Calcu-
lation of PPM and ICD implantation rates in many LMICs is
limited by the absence of cardiac implantable electronic de-
vice (CIED) registries. Available data indicate that CIED im-
plantation rates are considerably higher in HICs than in
LMICs (Table 1).

A recent Pan-Africa Society of Cardiology (PASCAR)
survey stated that PPMs are not implanted in 18% of African
countries for which data are available.11,12 In this survey, the
median PPM implantation rate in Africa was approximately
0.3 per 100,000 people, which is more than 200-fold lower
than the implantation rate in Western Europe.5,10–12 The
11th World Survey of Cardiac Pacing and Implantable
Cardioverter-Defibrillators, published in 2011, demonstrates
that CIED implantation rates in many LMICs (predominantly
in Asia and Africa) are ,1 per 100,000 people.13
This care gap has been shown to result inworse patient out-
comes. In a recent analysis of the Africa-Pace program,
approximately 50% of 1077 patients for whom PPMwas rec-
ommended (the predominant indication was complete heart
block) died while waiting for the arrival of international med-
ical missions.1 The median waiting time between diagnosis
and interventionwas 18.4months. Even highermortality rates
are suspected in areas where device implantation is not avail-
able.1 The lack of CIED availability in LMICs will become a
more pressing concern as the global population ages.14
Impact of atrial fibrillation in resource-constrained
environments
Atrial fibrillation (AF) prevalence in the United States is
approximately 1%, and the prevalence of AF in Caucasians
is .2-fold higher than in other racial groups.15,16 While ge-
netic and cardiac structural variation have been postulated as
reasons for racial differences in AF incidence, heterogeneous
access to health care leading to AF underdetection is likely a
significant contributor.17–19 AF prevalence in East Asian
countries is between 0.3% and 1.6%.20–22 Based on
regional projections of growth in AF prevalence, it is
estimated that by 2050 twice as many people in Asia will
have AF than in North America and Europe combined.23–25

The global prospective RE-LY (Randomized Evaluation
of Long-Term Anticoagulation Therapy) AF registry, which
enrolled approximately 15,000 patients from 46 countries,
demonstrated regional disparities in AF care. For example,
patients from India, China, and Africa who were treated
with oral anticoagulants (OACs) were found to spend a sub-
optimal amount of time in therapeutic range (32%–40%).26

More recent data from the Global Registry on Long-Term
Oral Anti-Thrombotic Treatment in Patients with Atrial
Fibrillation (GLORIA-AF) demonstrated a lower rate of
direct OAC (DOAC) utilization in Latin America and Asia
than in Europe and North America. This registry data also re-
vealed geographic disparities in time to treatment.27 Regional
disparities in the delivery of OAC therapy are particularly
concerning given the higher risk of stroke and cardiovascular
mortality among patients not receiving optimal anticoagula-
tion reported in Global Anticoagulant Registry in the Field-
Atrial Fibrillation (GARFIELD-AF).28

A 2018 publication from PASCAR reported that pharma-
cological and interventional therapies for cardiac arrhythmias
are not available in most of Africa.5 This survey includes data
for 33 of 55 countries in Africa.5 Of the 33 countries for
which data was available, 14 reported that DOACs were
available to them. Warfarin was available in the majority of
countries surveyed. Digoxin and amiodarone were the most
common drugs used for rhythm control in sub-Saharan Af-
rica.5 Of the countries surveyed in this PASCAR study, 5
of 33 utilized catheter ablation and 16 of 33 had capacity
for electrical cardioversion.5 Intravenous formulations of
antiarrhythmic drugs medications were not readily available,
further compounding the challenges of AF management.



Table 1 Geographical disparities in CIED implantation

Region/country
PPM implantation
rate per 100,000

ICD implantation
rate per 100,000

Americas
United States 61.6 46.2
Uruguay 32.4 3.9
Argentina 28.7 5.6
Chile 21.6 1.4
Brazil 13.6 1.5
Trinidad/Tobago 12.7 1.8
Bolivia 6.5 n/a
Peru 3.0 0.1

Europe
Western Europe 102.6 25.2
Germany 115.2 29.5
Sweden 96.9 21.6
Lithuania 78.9 3.8
Poland 74.2 21.9
United Kingdom 70.8 10.2
Croatia 58.2 3.9
Serbia 50.7 6.3
Romania 19.6 1.5

Africa
African Continent 0.2 ,0.1
Tunisia 14.9 1.3
Mauritius 12.0 n/a
South Africa 10.5 1.2
Algeria 6.0 0.2
Morocco 2.8 0.08
Sudan 0.7 n/a
Kenya 0.4 n/a
Cameroon 0.3 n/a
Uganda 0.06 n/a
Nigeria 0.01 n/a
Chad 0 n/a
Central African
Republic

0 n/a

Asia and Oceania
Australia 56.5 16.0
New Zealand 54.2 9.3
Japan 50.8 4.6
Taiwan 29.6 3.7
Hong Kong 22.1 3.1
Singapore 16.1 7.3
South Korea 8.4 2.2
Sri Lanka 7.8 n/a
Thailand 6.6 1.6
China 6.2 0.3
India 3.3 0.3
Malaysia 2.7 0.6
Vietnam 2.1 0.3
Pakistan 1.9 0.1
Philippines 0.8 0.1
Indonesia 0.7 0.02

Middle East
Israel 42.9 16.7
Bahrain 4.8 1.1
Iran 4.7 1.8
Qatar 3.6 0.9
Oman 3.1 0.5

U.S. data pertaining to pacemaker implantation8 and defibrillator im-
plantation9 were obtained from 2 separate studies. European CIED implanta-
tion data were procured from a single study.10 Data pertaining to
pacemaker11 and defibrillator12 implantation in Africa were taken from 2
separate studies. For pacemaker implantation in Africa, reported values
represent the mean implantation rates for all years in which data were avail-

able.11 CIED implantation data for the Middle East, Central and South Amer-
ica, and Australia were obtained from a single study.13 Data pertaining to
CIED implantation in Asia and Oceania (except for Australia) were taken
from the Asia Pacific Heart Rhythm Society registry.92 Data for cardiac
resynchronization therapy systems were not listed in a separate category.

CIED 5 cardiac implantable electronic device; ICD 5 implantable
cardioverter-defibrillator; n/a 5 not available; PPM 5 permanent pace-
maker.
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Consequently, a rhythm control strategy for AF was not used
frequently in this region.29

Rheumatic heart disease predominantly afflicts resource-
constrained regions, with the highest rates reported in South
Asia and Oceania.3,29,30 The burden of rheumatic heart dis-
ease further compounds the burden of AF, embolic stroke,
and heart failure within these regions. The RE-LY study
demonstrated coexistent rheumatic heart disease and AF in
31.5% of Indian and 21.5% of African patients compared
with 2.2% North American patients.26

Impact of sudden cardiac death in resource-
constrained environments
Sudden cardiac death (SCD) is responsible for over half of
deaths from cardiovascular disease.31 The rate of SCD is un-
known or inaccurate in many resource-constrained environ-
ments due to several factors, including lack of case capture,
lack of accurate prospective ascertainment of cause of death,
and disparities in cardiac arrest registry coverage.32 There are
no cardiac arrest or SCD registries in Russia, India, China, or
Africa (except for Egypt). In addition, there are no out-of-
hospital cardiac arrest or SCD registries in South America.
There is 1 in-hospital cardiopulmonary resuscitation (CPR)
registry in Brazil.

Autopsy data indicate that a substantial proportion of SCD
events in LMICs are attributable to coronary artery disease.33

An inverse relationship between socioeconomic status and
burden of cardiovascular risk factors has been observed.34

The suspected etiology of SCD does vary by region. Data
from Latin America implicated Chagas disease in a substan-
tial proportion of SCD cases, with autopsy data from Nigeria
demonstrating hypertensive cardiomyopathy in a significant
proportion of SCD cases.35,36 Studies of hereditary syn-
dromes (eg, cardiomyopathies and channelopathies) in
resource-constrained environments are ongoing. Variability
in the prevalence of Brugada syndrome among ethnic and
racial groups has also been described.37

The Douala study was the first population-based cohort
survey of SCD in sub-Saharan Africa.38 This study, which
described a small cohort, demonstrated many challenges
associated with SCD management in sub-Saharan Africa.
The observed incidence of SCD was 34 per 100,000
person-years. In this study, out-of-hospital cardiac arrest
(OHCA) carried a 100% mortality rate with no CPR attemp-
ted out of hospital. The main transport to a hospital for pa-
tients with witnessed OHCA was a taxi, with the remainder
of patients brought directly to a mortuary after being pre-
sumed dead without attempted resuscitation.38 Several Asian
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registries have been established to measure the rate of sur-
vival after OHCA.39–41 Available data from the Taichung
Sudden Unexpected Death Registry (THUNDER) in
Taiwan reveal lower rates of a shockable rhythm
(ventricular tachycardia or ventricular fibrillation) as a
presenting rhythm in OHCA (19%) than in studies of
Western populations.40 For patients in the THUNDER regis-
try, survival to hospital discharge was lower than described in
other regions, possibly driven by the lower incidence of ven-
tricular tachycardia or ventricular fibrillation in OHCA.

These studies highlight several areas of unmet need in
LMICs, including early activation of medical services, access
to ambulance services, education in bystander CPR, and ac-
cess to automated external defibrillators. CIED implantation
is also an unmet need: rates of ICD implantation for primary
or secondary prevention of SCD are lower in resource-
constrained environments (Table 1).

Importance of local infrastructure and local
training programs to the delivery of effective
arrhythmia care
The provision of arrhythmia care in resource-constrained en-
vironments is limited by a lack of clinicians available to pro-
vide care and the absence of clinical infrastructure required to
deliver care effectively (eg, procedural suites, inpatient car-
diac telemetry units, outpatient device clinics). Access to
consumable equipment (eg, CIEDs, ablation catheters) is
also limited. The PASCAR survey of 2018 revealed that
18% of responding countries in sub-Saharan Africa did not
have a cardiologist in 2018, with 0.1 CIED implanters per
1 million people. The number of implanting centers was
also approximately 0.1 per 1 million people.5 Training is
hampered by the rarity of dedicated fellowship programs
and by the limited retention of senior physicians, who
frequently choose to work in areas with more resources.

The first Latin American catheter ablation registry demon-
strated,50% of countries surveyed had access to a dedicated
EP lab. This registry revealed that a limited number of centers
in Argentina and Brazil were responsible for 80% of ablation
procedures performed in Latin America as a whole.42 Less
than half of African countries have a functioning cardiac
catheterization laboratory.5 South Africa is the only country
in sub-Saharan Africa with the capacity to provide compre-
hensive arrhythmia care, including catheter ablation.5 North
African countries are generally better equipped to provide
EP studies and catheter ablation than those in sub-Saharan
Africa.5 Other hurdles that limit the provision of invasive
EP procedures in LMICs include the lack of sterilization fa-
cilities, imaging facilities, and the staff required for the effi-
cient functioning of such facilities.
Opportunities to build arrhythmia treatment
capacity in resource-contrained environments
Not all resource-constrained environments have the same
needs (Figure 1). Therefore, attempts to build arrhythmia
treatment capacity should start with a sensitive assessment
of local, unmet needs (eg, diagnostics, devices, physical
plant, human resources). This appraisal should also incorpo-
rate all health needs of the population, including resources
needed for emergency relief management, primary care,
maternal-fetal medicine, and vaccination programs. Capacity
is dynamic and interval reappraisal is required to address the
observed rise in the prevalence of noncommunicable diseases
and decline in prevalence of certain communicable diseases
in LMICs.43–45 This section focuses on some of the
resources required to help local clinicians create self-
sustaining infrastructure for arrhythmia management.
Improving access to diagnostics in resource-
constrained environments
The electrocardiogram (ECG) is a noninvasive and inexpen-
sive tool to assess cardiac arrhythmia. It is recommended that
an ECG be performed for patients with a history of syncope,
lightheadedness, chest pain, palpitations, or family history of
sudden death. Availability of facilities that provide surface
ECG recording and interpretation varies as a function of re-
sources available in individual regions.46 Several factors
limit ECG use in resource-constrained environments. These
include availability of necessary equipment, reliable electri-
cal power, and consumables such as electrode stickers. Avail-
ability of specialists trained to interpret ECGs is also limited
in rural areas, where a higher proportion of care is provided
by primary care physicians.47,48

Several strategies that address lack of ECG availability
have been described. In India, where 80% of the population
is rural and 30% of physicians are rurally located, mobile
vans equipped with satellite terminals (supported by the In-
dian Space Research Organization) facilitate transmission
of ECGs from rural areas to central urban hospitals, where
rapid physician interpretation can be performed.49 Telehealth
initiatives, including transmission of the results of noninva-
sive studies (eg, ECGs) from rural clinics to tertiary hospitals
for interpretation can enhance the identification of patients in
need of care. Early involvement of cardiac electrophysiolo-
gists could also facilitate rapid identification of patients
whose management requires resources present at tertiary
care centers (eg, facilities with capabilities for invasive EP
testing, CIED implantation, and ablation).50 These transmis-
sions can be supplemented by virtual or in-person patient
visits as needed.51 Additional measures that could help iden-
tify patients who would benefit from transport to tertiary care
centers include: remote proctoring of ECG interpretation,
creation of low-cost ECG devices, and interpretation assis-
tance from artificial intelligence software. Further study
will be required to assess the efficacy and cost-
effectiveness of handling ECGs and other diagnostic studies
in this manner.
Identifying patients who would benefit most from
CIED implantation
In environments in which the demand for CIEDs is greater
than the available supply of devices and implanting facilities



CHALLENGES OPPORTUNITIES

Devices used in EP procedures are expensive

AblaƟon/mapping catheters

Cardiac implantable electronic devices
(CIEDs)

Reduce costs by uƟlizing alternaƟve sources of 
devices

Reprocessed catheters

Re-used CIEDs

Philanthropic support for new equipment

Experts capable of CIED implantaƟon and  
catheter ablaƟon are rare because few clinicians   
have access to training  in cardiac 
electrophysiology 

Create in-person and virtual educaƟonal 
acƟviƟes to improve access to training

Proctorship-based missions

EP fellowship programs and 
nurse/technician cerƟficate programs 
(longitudinal presence is required)

Physical infrastructure necessary  for cardiac 
arrhythmia care is absent

EP laboratories / operaƟng rooms

InpaƟent cardiac telemetry units

OutpaƟent device clinics

Build infrastructure through cooperaƟve efforts 
involving mulƟple stakeholders

Government agencies

Professional organizaƟons

Hospitals and medical schools

Figure 1 Opportunities to address the challenges associated with the delivery of cardiac arrhythmia care in resource-constrained environments. Challenges
associated with delivery of comprehensive arrhythmia care in resource-constrained environments are described. For each challenge, corresponding opportunities
to build capacity are listed. CIED 5 cardiac implantable electronic device; EP 5 electrophysiology.
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and physicians, allocation of CIEDs to patients with the most
immediate need is indicated. For example, patients with com-
plete heart block and a slow ventricular escape rhythm would
typically have a more immediate indication for pacing than
patients with symptomatic sinus node dysfunction. As re-
sources become more available, extension of pacing provi-
sion to incrementally less dangerous arrhythmias could ensue.

In the 11th World Survey of Cardiac Pacing and Implant-
able Cardioverter-Defibrillators, at least 70% of PPM implan-
tation procedures in Pakistan, Bangladesh, Nepal, Bahrain,
and Sudan were performed for patients with high-degree
atrioventricular block.13 Approximately 95% of CIED im-
plantations in Sudan were performed for the same indication,
likely reflecting prioritization of CIED implantation for those
with the most immediate need.13 Mismatch between supply
and demand for CIEDs will inevitably vary between regions
and over time. Therefore, selection of the most appropriate
patients for CIED implantation is a point-of-care decision
made by the implanting physician.
Availability of pharmacotherapy in resource-
constrained environments
Access to pharmacotherapy is limited for a third of theworld’s
population.52 The factors that limit availability include
drug pricing and access to providers. Product development
partnerships have been developed by stakeholders such as
pharmaceutical companies, governments, and philanthropic
organizations to improve access to essential medications in
developing countries.53 Differential or tiered pricing in which
essential medications are sold at lower prices in LMICs than
in HICs is another solution used to reduce costs; however,
this strategy is not immune to competition-related price in-
crease.54 Although generic drugs usually provide a lower-
cost alternative, lack of regulatory requirements for generic
quality in LMICs can create uncertainty for consumers.
Placing a limited number of carefully selected medications
on an essential medical list is one way for LMICs to prioritize
the purchase of specific medications.55

Underutilization of OACs is due to several factors that
disproportionately impact resource-constrained environ-
ments. These include cost of the medications and the absence
of dedicated anticoagulation clinics (important given the
predominance of warfarin use). Preferential use of DOACs
(when appropriate) may be the most practical strategy to
improve anticoagulation adoption, reduce long term costs
of international normalized ratio testing, and reduce need
for ongoing physician consultation for dose-adjustment.56,57

Licensing agreements between pharmaceutical companies
and LMICs have reduced cost of DOACs, but they remain
more expensive than warfarin.58 Safety of DOAC in rheu-
matic heart disease, particularly mitral stenosis, is the subject



788 Heart Rhythm O2, Vol 3, No 6PB, December 2022
of ongoing study.59 The higher prevalence of rheumatic heart
disease in LMICs may reduce the number of patients in
whom DOAC therapy is appropriate.

Availability of drug therapy for medical issues that impact
cardiac risk factors (eg, hypertension, diabetes, dyslipidemia)
could also forestall development of ischemic heart disease,
heart failure, and associated arrhythmias. Hypertension in
particular is responsible for 55% of deaths caused by
ischemic heart disease. There are opportunities to improve
hypertension management in LMICs, as 30% of people
with hypertension who live in LMICs receive treatment
and only 10% achieve control.60,61 Improving access to med-
ications could improve population-wide management of hy-
pertension and other medical conditions that impact cardiac
risk. The World Health Organization describes a 4-part
framework intended to maintain access to medications.
This framework is based on rational use, affordable pricing,
sustainable financing, and reliable supply systems.
Components of this framework could help maintain access
to essential cardiovascular medications.62 Further study
will be required to determine the relative impact of such a
system on arrhythmia management. In addition, the relative
impact of direct pharmacotherapy for arrhythmias (OAC
for AF) vs pharmacotherapy of medical conditions that
increase cardiac risk in resource-constrained environments
has not yet been determined.
Reutilization of expensive equipment involved in
arrhythmia management, such as CIEDs and
mapping or ablation catheters
CIED reuse
Reimplantation of previously explanted CIEDs with a signif-
icant amount of battery life remaining may expand access to
CIEDs. This strategy has been used not only in resource-
constrained environments but also in parts of Europe for
some time. One source of such devices is patients who
have died with a CIED in place for whom cremation is
planned, as CIEDs need to be removed prior to cremation
to avoid explosion. Recently reported cremation rates in the
United States and United Kingdom were 58% and 77%,
respectively.63–65 A Heart Rhythm Society (HRS) Task
Force on Device Performance Polices and Guidelines
recommended that funeral directors notify physicians of
patients with CIEDs in place and to routinely return the
device to the manufacturer after consent is obtained from
the family.66 Despite this, a recent study demonstrated that
a majority of CIEDs explanted after death are discarded as
medical waste or stored with no intended purpose.67,68 It
could be that patient preference is not be the limiting factor
in CIED reuse. In one study, 91% of patients undergoing
CIED implantation were willing to sign an advanced direc-
tive donating their device to a medically underserved nation
at the time of death.68

Observational studies of recycled PPMs reveal infection
rates that are comparable to those of new implants.69–73 A
comprehensive sterilization protocol can result in sterility
assurance levels meeting biocompatibility standard, with
effective removal of protein, hemoglobin, and organic
carbon residuals.74 No CIED-related prion transmission has
been reported to date, with all documented cases of
Creutzfeldt-Jakob disease resulting from exposure to ele-
ments of the central nervous system or eye tissue.75 Although
the rate of recycled PPM malfunction is several-fold higher
than for new PPMs, the overall malfunction rate is quite
low.76 Recycled, dual-chamber pulse generators have also
been used with a single pacing lead to maximize the number
of patients who can be helped with a limited supply of
equipment.77 A recent international survey of patients and
family members in LMIC countries demonstrated 79%
were willing to accept a reused device when unable to afford
a new device.78

Collaborative initiatives that include patients, physicians,
funeral directors, and nonprofit charitable organizations can
enable CIED reuse.79–82 The My Heart Your Heart
Pacemaker Reutilization Initiative is an example of this
type of collaboration (https://clinicaltrials.gov/ct2/show/
NCT04016870).80 This initiative includes a clinical trial in
which patients are randomized to receive reconditioned or
new devices. Heartbeat International, Pace4Life (United
Kingdom), and STIM Développement (France) are other
examples of organizations that facilitate reuse of pacing
equipment.83 Data describing reuse of ICD and cardiac
resynchronization therapy systems are promising but limited.
Available studies describing ICD and cardiac resynchroniza-
tion therapy reuse are mostly observational, with little
prospectively collected data.81,82 Mission-based programs
such as the Africa-Pace program have also distributed
CIEDs close to expiry (provided by manufacturers free of
charge) to patients.

Reuse of EP catheters
The use of reconditioned EP catheters has been in practice for
decades. This sustainable cost-reduction strategy could help
enable development of arrhythmia services in LMICs.84–89

Limited studies demonstrate safety of ablation and mapping
catheters, with the Food and Drug Administration
determining no increased risk to health from use of
remanufacturing.88 No incidents of prion transmission
attributed to use of a reconditioned EP catheter has been iden-
tified to date, with the caveat that prion infection may remain
indolent for decades. A recent European survey of over 200
electrophysiologists demonstrated that over two-thirds have
used reprocessed EP materials, including catheters. Of these
physicians, 65% reported a reduction in equipment costs.89

Legislation pertaining to catheter reprocessing is variable
and the practice is illegal in some European Union (EU)
countries such as Spain, Italy, and France. Use of reprocessed
catheters in those EU countries where it is legal (Belgium,
Portugal, Sweden, and Germany) is regulated according to
established guidelines.90 There are challenges associated
with the reprocessing of catheters, including the validation
and monitoring of reprocessed single-use devices. Most

https://clinicaltrials.gov/ct2/show/NCT04016870
https://clinicaltrials.gov/ct2/show/NCT04016870
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recent EU legislation states that the legal entity that repro-
cesses the single-use device is considered the manufacturer
of the device and assumes obligations incumbent on the
manufacturer within the legislation. This creates possible
legal implications for the entity responsible for the reprocess-
ing. Additional investigation, including prospective research
and internal auditing, will be necessary to determine the
appropriateness and safety of reconditioned catheter use in
resource-constrained environments. Further study will also
be required to compare the public health impact of CIED
and catheter reutilization with other medical interventions
(eg, pharmacotherapy) in resource-constrained environ-
ments.
Existing initiatives that address the training gap in
resource-constrained environments
The Africa-Pace program has successfully empowered clini-
cians in sub-Saharan Africa to manage arrhythmias in their
local environments.1 This proctorship-based program, which
includes delivery of technology and training to clinicians in
their home environments, was established to foster self-
sustaining growth in arrhythmia treatment capacity. Through
this program, the proportion of implantations that were per-
formed solely by local teams increased from 3% in 1996 to
98% in 2018, with 542 PPM implanted in 14 countries
over this time period. Initial, on-site support was provided
by missions from abroad followed by support from countries
in the region to ensure longevity of the program.

Selected hospitals participating in the Africa-Pace pro-
gramwere designated as centers of excellence and functioned
as clinical training sites. Most operators who are based in Af-
rica received their training within Europe. Smaller numbers
of operators were trained in Africa, Asia, or North America.
The University of Cape Town has provided pacing fellow-
ship training via PASCAR for fellows from Tanzania, Sierra
Leone, and Kenya. A similar training program has also been
launched in Senegal.5 Institutes participating in such pro-
grams may also collaborate with (or obtain assistance from)
the World Society of Arrhythmia or regional EP or cardiol-
ogy societies.91 For example, the Asia Pacific Heart Rhythm
Society provides financial support for a 1-year overseas
fellowship training program within the Asia-Pacific region,
with the stipulation that participating fellows return to work
in their countries of origin upon completion of their
training.92
Collaboration between national and multinational
cardiology organizations and policymakers in
resource-constrained regions
Several professional organizations, including the HRS and
the European Heart Rhythm Association, have supported
the development of EP services in affiliated nations. Interna-
tional collaborations of this type could also help the creation
of registries and white book surveys, which can in turn be
used to measure the burden of disease and guide future
resource allocation.5,91,92 Creation of professional networks
via these societies can coordinate efforts with other
stakeholders, including government agencies and nongov-
ernmental organizations. Coordinated activities could also
support further development of resource level-specific
patient care guidelines and referral patterns.

Standardized educational programs overseen by cardiac
EP or cardiology societies could support the development
of local leaders who would then oversee arrhythmia care pro-
vision. Ongoing collaboration between the African Heart
Rhythm Association (AFHRA) and PASCAR to create
educational programs is an example of this model for profes-
sional development. The AFHRA contains an educational
group that has developed a cardiac EP training course, a
30-week online course covering basic of arrhythmia care,
and an invasive EP course overseen by regional and interna-
tional faculty followed by a final exam. This course is run
annually and includes additional educational content,
including presentation of live cases. There exist plans for
African EP accreditation as well as AFHRA support for
accessing EP fellowships and creation of EP hubs.91
Use of telemedicine and digital health tools in
resource-constrained environments
Virtual care has become an integral part of arrhythmia man-
agement. According to the HRS guidelines, remote moni-
toring of CIEDs is supported by a class 1 indication. Many
digital applications designed to collect health information
(eg, vital signs, medication administration history) from pa-
tients have been developed and are in common use.93–96

Survey data from HRS and European Heart Rhythm
Association demonstrate a significant increase in the use of
telemedicine after the start of the COVID pandemic.93–96

Utilization of digital health tools in LMICs is constrained
by limited internet access.95,97,98 Data from the World Bank
indicates that 35% of people in developing countries have ac-
cess to the internet.97 In the least developed countries, the
percentage of the population using the Internet is ,10%.98

Smartphone ownership is increasing in many LMICs.99–101

Almost half of adults in LMICs now report owning a
smartphone, albeit with skewed ownership favoring the
wealthy and young.99

Growth of digital infrastructure in LMICs, including
robust Internet connections and readily available smart-
phones, could help clinicians gather data and communicate
with patients. The potential power of telehealth to improve
arrhythmia care provides yet another motivator to expand
internet access and mobile phone access for people living
in LMICs.
Conclusion
The burden of cardiovascular diseases, including cardiac ar-
rhythmias, is growing in LMICs. The demand for
arrhythmia treatment in these resource-constrained environ-
ments has not yet been matched by growth in treatment ca-
pacity. Alongside this treatment gap, there frequently exists
a training gap, as many clinicians working in resource-
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constrained environments have limited access to formal
training in cardiac EP. Several strategies for closing such
gaps have been described. These strategies include medical
missions, utilization of reprocessed CIEDs and catheters,
and collaborative efforts between multiple stakeholders
(eg, professional organizations, government agencies, hos-
pitals/educational institutions). Although these strategies
have succeeded in addressing gaps in patient care and clini-
cian training, global disparities in arrhythmia care persist.
Larger-scale efforts will be necessary to prevent worsening
of global disparities in the treatment of cardiac arrhythmias.
Acknowledgments
The authors wish to thank Dr. Jeremy N. Ruskin for his crit-
ical review of this manuscript and Dr. Salil Midha for guid-
ance pertaining to pacemaker and defibrillator implantation
in LMICs.

Funding Sources: The authors have no funding sources to disclose.

Disclosures: Dr Ptaszek: consultant for Abbott, Aquaheart, Broadview
Ventures, Bristol Myers Squibb, Medtronic, Moderna, Neutrace, Pfizer,
World Care Clinical; research grant from Neutrace. Dr Sharif has no
conflict of interest to declare.

Authorship: All authors attest they meet the current ICMJE criteria for
authorship.
References
1. Jouven X, Diop BI, Narayanan K, et al. Cardiac pacing in Sub-Saharan Africa. J

Am Coll Cardiol 2019;74:2652–2660.
2. GBD 2019 Diseases; Injuries Collaborators. Global burden of 369 diseases and

injuries in 204 countries and territories, 1990-2019: a systematic analysis for the
Global Burden of Disease Study 2019. Lancet 2020;396:1204–1222.

3. Roth GA, Mensah GA, O Johnson C, et al. Global Burden of Cardiovascular
Diseases and Risk Factors, 1990-2019: update from the GBD 2019 Study. J
Am Coll Cardiol 2020;76:2982–3021.

4. Lopez AD, Mathers CD, Ezzati M, Jamison DT, Murray C. Global Burden of
Disease and Risk Factors. Washington, DC: World Bank Publications; 2006.

5. Talle M, Bonny A, Scholtz W, et al. Status of cardiac arrhythmia services in Af-
rica in 2018: a PASCAR Sudden Cardiac Death Task Force report. Cardiovasc J
Afr 2018;29:115–121.

6. Shan R, Ning Y, Ma Y, et al. Prevalence and risk factors of atrioventricular
block among 15 million Chinese health examination participants in 2018: a
nation-wide cross-sectional study. BMC Cardiovasc Disord 2021;21:289.

7. Forhearts.org. Available at: https://www.cremation.org.uk. Accessed June 2,
2022.

8. Greenspon AJ, Patel JD, Lau E, et al. Trends in permanent pacemaker implan-
tation in the United States from 1993 to 2009: increasing complexity of patients
and procedures. J Am Coll Cardiol 2012;60:1540–1545.

9. Greenspon AJ, Patel JD, Lau E, et al. 16-Year trends in the infection burden for
pacemakers and implantable cardioverter-defibrillators in the United States
1993 to 2008. J Am Coll Cardiol 2011;58:1001–1006.

10. Raatikainen MJ, Arnar DO, Zeppenfeld K, et al. Current trends in the use of car-
diac implantable electronic devices and interventional electrophysiological pro-
cedures in the European Society of Cardiology member countries: 2015 report
from the European Heart Rhythm Association. Europace 2015;17. iv1–iv72.

11. Bonny A, Ngantcha M, Yuyun FM, et al. Cardiac arrhythmia services in Africa
from 2011 to 2018: the second report from the Pan African Society of Cardiol-
ogy working group on cardiac arrhythmias and pacing. Europace 2020;
22:420–433.

12. Bonny A, Ngantcha M, Jeilan M, et al. Statistics on the use of cardiac electronic
devices and interventional electrophysiological procedures in Africa from 2011
to 2016: report of the Pan African Society of Cardiology (PASCAR) Cardiac Ar-
rhythmias and Pacing Task Forces. Europace 2018;20:1513–1526.
13. Mond HG, Proclemer A. The 11th world survey of cardiac pacing and implant-
able cardioverter-defibrillators: calendar year 2009–aWorld Society of Arrhyth-
mia’s project. Pacing Clin Electrophysiol 2011;34:1013–1027.

14. Shetty P. Grey matter: ageing in developing countries. 2012. Lancet 2012;
379:1285–1287.

15. Go AS, Hylek EM, Phillips KA, et al. Prevalence of diagnosed atrial fibrillation
in adults: national implications for rhythm management and stroke prevention:
the AnTicoagulation and Risk Factors in Atrial Fibrillation (ATRIA) study.
JAMA 2001;285:2370–2375.

16. Borzecki AM, Bridgers DK, Liebschutz JM, et al. Racial differences in the prev-
alence of atrial fibrillation among males. J Natl Med Assoc 2008;100:237–245.

17. Marcus GM, Olgin JE, Whooley M, et al. Racial differences in atrial fibrillation
prevalence and left atrial size. Am J Med 2010;123:e1–e7.

18. Poppe KK, Doughy RN, Gardin JM, et al. Echocardiographic normal ranges
meta-analysis of the left heart collaboration. ethnic-specific normative reference
values for echocardiographic LA and LV size, LV mass, and systolic function:
the EchoNORMAL study. J Am Coll Cardiol Img 2015;8:656–665.

19. Chartbook on Person- and Family-Centered Care. AHRQ Pub. No. 16(17)-
0015-9-EF Rockville, MD: Agency for Healthcare Research and Quality; 2015.

20. Iguchi Y, Kimura K, Aoki J, et al. Prevalence of atrial fibrillation in community
dwelling Japanese aged 40 years or older in Japan: analysis of 41,436 nonem-
ployee residents in Kurashiki-city. Circ J 2008;72:909–913.

21. Krishnan MN, Geevar Z, Venugopal K, et al. A community-based study on elec-
trocardiographic abnormalities of adult population from South India – findings
from a cross sectional survey. Indian Heart J 2022;74:187–193.

22. Zhou Z, Hu D. An epidemiological study on the prevalence of atrial fibrillation
in the Chinese population of mainland China. J Epidemiol 2008;18:209–216.

23. Wong CX, Brown A, Tse HF, et al. Epidemiology of atrial fibrillation: the
Australian and Asia-Pacific perspective. Heart Lung Circ 2017;26:870–879.

24. Kim D, Yang PS, Jang E, et al. Increasing trends in hospital care burden of atrial
fibrillation in Korea, 2006 through 2015. Heart 2018;104:2010–2017.

25. Gallagher C, Hendriks JM, Giles L, et al. Increasing trends in hospitalisations
due to atrial fibrillation in Australia from 1993 to 2013. Heart 2019;
105:1358–1363.

26. Oldgren J, Healey JS, Ezekowitz, et al. Variations in cause and management of
atrial fibrillation in a prospective registry of 15,400 emergency department pa-
tients in 46 countries: the RE-LY atrial fibrillation registry. Circulation 2014;
129:1568–1576.

27. Bayer V, Kotalcyzk A, Kea B, et al. Global oral anticoagulation use varies by
region in patients with recent diagnosis of atrial fibrillation: the GLORIA-AF
phase III registry. J Am Heart Assoc 2022;11:e023907.

28. Fox KA, Virdone S, Bassand J-P, et al. Do baseline characteristics and treat-
ments account for geographical disparities in the outcomes of patients with
newly diagnosed atrial fibrillation? The prospective GARFIELD-AF registry.
BMJ Open 2022;12:e049933.

29. Noubiap JJ, Nyaga UF. A review of the epidemiology of atrial fibrillation in sub-
Saharan Africa. J Cardiovasc Electrophysiol 2019;30:3006–3016.

30. Kumar R, Antunes M, Beaton A, et al. Contemporary diagnosis and manage-
ment of rheumatic heart disease: implications for closing the gap: a scientific
statement from the American Heart Association. Circulation 2020;
142:e337–e357.

31. Myerburg RJ, Castellanos A. Cardiac arrest and sudden cardiac death. In:
Braunwald E, ed. Braunwald’s Heart Disease: A Textbook of Cardiovascular
Medicine. Philadelphia, PA: Saunders; 2007. p. 890–931.

32. Paratz ED, Rowsell L, Zentner D, et al. for the Australian UCDP Registry. Car-
diac arrest and sudden cardiac death registries: a systematic review of global
coverage. Open Heart 2020;7:e001195.

33. Sudha ML, Sundaram S, Purushothaman KR, et al. Coronary atherosclerosis in
sudden cardiac death: an autopsy study. Indian J Pathol Microbiol 2009;
52:486–489.

34. Fuster V, Kelly BB, eds. Promoting Cardiovascular Health in the Developing
World: A Critical Challenge to Achieve Global Health. Washington, DC: Na-
tional Academies Press; 2010.

35. Rassi A Jr, Rassi A, Rassi SG. Predictors of mortality in chronic Chagas disease:
a systematic review of observational studies. Circulation 2007;115:1101–1108.

36. Rotimi O, Fatusi AO, Odesanmi WO. Sudden cardiac death in Nigerians—the
Ile-Ife experience. West Afr J Med 2004;23:27–31.

37. Milman A, Behr ER, Gray B, et al. Genotype-phenotype correlation of
SCN5A genotype in patients with Brugada syndrome and arrhythmic events:
insights from the SABRUS in 392 probands. Circ Genom Precis Med 2021;
14:e003222.

38. Bonny A, Tibazarwa K, Mbouh S, et al. Epidemiology of sudden cardiac death
in Cameroon: the first population-based cohort survey in sub-Saharan Africa. Int
J Epidemiology 2017;46:1230–1238.

http://refhub.elsevier.com/S2666-5018(22)00225-2/sref1
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref1
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref2
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref2
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref2
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref3
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref3
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref3
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref4
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref4
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref5
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref5
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref5
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref6
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref6
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref6
https://www.cremation.org.uk
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref8
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref8
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref8
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref9
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref9
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref9
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref10
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref10
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref10
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref10
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref11
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref11
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref11
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref11
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref12
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref12
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref12
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref12
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref13
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref13
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref13
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref14
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref14
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref15
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref15
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref15
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref15
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref16
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref16
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref17
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref17
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref18
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref18
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref18
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref18
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref19
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref19
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref20
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref20
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref20
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref21
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref21
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref21
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref22
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref22
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref23
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref23
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref24
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref24
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref25
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref25
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref25
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref26
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref26
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref26
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref26
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref27
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref27
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref27
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref28
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref28
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref28
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref28
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref29
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref29
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref30
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref30
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref30
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref30
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref31
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref31
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref31
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref32
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref32
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref32
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref33
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref33
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref33
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref34
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref34
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref34
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref35
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref35
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref36
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref36
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref37
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref37
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref37
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref37
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref38
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref38
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref38


Sharif and Ptaszek Global Disparities in Arrhythmia Care 791
39. Doctor NE, Ahmad NS, Pek PP, et al. The Pan-Asian resuscitation outcomes
study (PAROS) clinical research network: what, where, why and how.
Singapore Med J 2017;58:456–458.

40. Lin Y-N, Chang S-S,Wang L-M, et al. Prehospital predictors of initial shockable
rhythm in out-of-hospital cardiac arrest: findings from the Taichung sudden un-
expected death registry (THUNDER). Mayo Clin Proc 2017;92:347–359.

41. Kim JY, Hwang SO, Shin SD, et al. Korean cardiac arrest research Consortium
(KoCARC): rationale, development, and implementation. Clin Exp Emerg Med
2018;5:165–176.

42. Keegan R, Aguinaga L, Fenelon G, et al. The first Latin American catheter abla-
tion registry. Europace 2015;17:794–800.

43. Tantchou Tchoumi JC, Foresti S, Lupo P, et al. Follow up in a developing coun-
try of patients with complete atrio-ventricular block. Cardiovasc J Afr 2012;
23:538–540.

44. Institute for Health Metrics and Evaluation. GBD Compare. http://vizhub.
healthdata.org/gbd-compare. Accessed June 10, 2022.

45. World Health Organization. Global Status Report on Noncommunicable Dis-
eases 2010. Geneva, Switzerland: WHO Press; 2011. Available at: http://
www.who.int/nmh/publications/ncd_report2010/en/. Accessed June 22, 2022.

46. Varma N. Role of the surface electrogram in developing countries. J Electrocar-
diol 2010;43:612–614.

47. Chen FM, Doescher MP, Hart G. 2005 Physician Supply and Distribution in Ru-
ral Areas of the United States. Seattle, WA: WWAMI Rural Health Research
Center, University of Washington, School of Medicine, Department of Family
Medicine; 2007.

48. Chan L, Hart LG, Goodman DC. Geographic access to health care for rural
Medicare beneficiaries. J Rural Health 2006;22:140–146.

49. Bagchi S. Telemedicine in rural India. PLoS Med 2006;3:e82.
50. Shetty R, Samant J, Nayak K, Maiya M, Reddy S. Feasibility of telecardiology

solution to connect rural health clinics to a teaching hospital. Indian J Commu-
nity Med 2017;42:170–173.

51. American Hospital Association. The promise of telehealth for hospitals, health
systems and their communities. Available at: http://www.aha.org/research/
reports/tw/15jan-tw-telehealth.pdf. Accessed June 10, 2022.

52. Equitable access to essential medicines: a framework for collective action.
Available at: http://apps.who.int/medicinedocs/pdf/s4962e/s4962e.pdf. Ac-
cessed June 10, 2022.

53. Pratt B, Loff B. Linking research to global health equity: the contribution of
product development partnerships to access to medicines and research capacity
building. Am J Public Health 2013;103:1968–1978.

54. Moon S, Jambert E, Childs M, et al. A win-win solution? A critical analysis of
tiered pricing to improve access to medicines in developing countries. Global
Health 2011;7:39.

55. Bazargani YT, Ewen M, de Boer A, Leufkens HG, Mantel-Teeuwisse AK.
Essential medicines are more available than other medicines around the globe.
PLoS One 2014;9:e87576.

56. Ng SS, Lai NM, Nathisuwan S. Interventions and strategies to improve oral anti-
coagulant use in patients with atrial fibrillation: a systematic review of system-
atic reviews. Clin Drug Invest 2018;38:579–591.

57. Sharif Z, Srinivas B, Tiedt I, et al. Evaluating cardioversion outcomes for atrial
fibrillation on novel oral anticoagulants versus warfarin: experience at a tertiary
referral centre. Ir J Med Sci 2017;186:615–620.

58. Briere JB, Bowrin K, Wood R. The cost of warfarin treatment for stroke preven-
tion in patients with non-valvular atrial fibrillation in Mexico from a collective
perspective. J Med Econ 2017;20:266–272.

59. Karthikeyan G, Connolly SJ, Ntsekhe M. The INVICTUS rheumatic heart dis-
ease research program: rationale, design and baseline characteristics of a ran-
domized trial of rivaroxaban compared to vitamin K antagonists in rheumatic
valvular disease and atrial fibrillation. Am Heart J 2020;225:69–77.

60. World Health Organization. A Global Brief on Hypertension: Silent Killer,
Global Public Health Crisis: World Health Day 2013. Geneva, Switzerland:
WHO Press; 2013. No. WHO/DCO/WHD/2013.2.

61. Chow CK, Teo KK, Rangarajan S, et al. Prevalence, awareness, treatment, and
control of hypertension in rural and urban communities in high-, middle-, and
low-income countries. JAMA 2013;310:959–968.

62. World Health Organization. Equitable Access to Essential Medicines: A Frame-
work for Collective Action (No. WHO/EDM/2004.4). Geneva, Switzerland:
WHO Press; 2004. Available at: https://apps.who.int/iris/bitstream/handle/1
0665/68571/WHO_EDM_2004.4_eng.pdf?sequence51&isAllowed5y. Ac-
cessed June 22, 2022.

63. Cremation Association of North America. Industry Statistical Information.
Available at: https://www.cremationassociation.org/page/IndustryStatistics.
Accessed September 6, 2022.

64. Cremation Society of Great Britain. National Cremation Statistics 1960-2017.
Available at: https://www.cremation.org.uk. Accessed June 1, 2022.
65. Gale CP, Mulley GP. Pacemaker explosions in crematoria: problems and
possible solutions. J R Soc Med 2002;95:353–355.

66. Carlson MD, Wilkoff BL, Maisel WH, et al. Recommendations from the Heart
Rhythm Society Task Force on Device Performance Policies and Guidelines
endorsed by the American College of Cardiology Foundation (ACCF) and the
American Heart Association (AHA) and the International Coalition of Pacing
and Electrophysiology Organizations (COPE). Heart Rhythm 2006;
3:1250–1273.

67. Gakenheier L, Lange DC, Romero J, et al. Societal views of pacemaker reutili-
zation for those with untreated symptomatic bradycardia in underserved nations.
J Interv Card Electrophysiol 2011;30:261–266.

68. Kirkpatrick JN, Ghani SN, Burke MC, Knight BP. Postmortem interrogation
and retrieval of implantable pacemakers and defibrillators: a survey of morti-
cians and patients. J Cardiovasc Electrophysiol 2007;18:478–482.

69. Linde CL, Bocray A, Jonsson H, et al. Re-used pacemakers: as safe as new? A
retrospective case-control study. Eur Heart J 1998;19:154–157.

70. Baman TS, Meier P, Romero J, et al. Safety of pacemaker reuse: a meta-analysis
with implications for underserved nations. Circ Arrhythm Electrophysiol 2011;
4:318–323.

71. Mugica J, Duconge R, Henry L. Survival and mortality in 3,701 pacemaker pa-
tients: arguments in favor of pacemaker reuse. Pacing Clin Electrophysiol 1986;
9:1282–1287.

72. Hasan R, Ghanbari H, Feldman D, et al. Safety, efficacy, and performance of im-
planted recycled cardiac rhythmmanagement (CRM) devices in underprivileged
patients. Pacing Clin Electrophysiol 2011;34:653–658.

73. Baman TS, Romero A, Kirkpatrick JN, et al. Safety and efficacy of pacemaker
reuse in underdeveloped nations: a case series. J Am Coll Cardiol 2009;
54:1557–1558.

74. Crawford TC, Allmendinger C, Snell J, et al. Cleaning and sterilization of used
cardiac implantable electronic devices with process validation: the next hurdle in
device recycling. J Am Coll Cardiol EP 2017;3:623–631.

75. Baman TS, Meier P, Romero J, et al. Safety of pacemaker reuse: a meta-analysis
with implications for underserved nations. Circ Arrhythm Electrophysiol 2011;
4:318–323.

76. Nava S, Morales JL, M�arquez MF, et al. Reuse of pacemakers: comparison of
short and long-term performance. Circulation 2013;127:1177–1183.

77. Namboodiri KK, Sharma YP, Bali HK, Grover A. Re-use of explanted DDD
pacemakers as VDD: clinical utility and cost effectiveness. Indian Pacing Elec-
trophysiol J 2004;4:3–9.

78. Hughey AB, Muthappan P, Badin A, et al. Patients’ and family members’ views
on pacemaker reuse: An international survey. J Cardiovasc Electrophysiol 2022;
33:473–480.

79. Baman TS, Kirkpatrick JN, Romero J, et al. Pacemaker re-use. An initiative to
alleviate the burden of symptomatic bradyarrhythmia in impoverished nations
around the world. Circulation 2010;122:1649–1656.

80. Michigan Medicine. Protect My Heart Your Heart. https://www.
myheartyourheart.org/index.html. Accessed June 10, 2022.

81. Selvaraj RJ, Sakthivel R, Satheesh S, et al. Reuse of pacemakers, defibrillators
and cardiac resynchronisation devices. Heart Asia 2017;9:59–62.

82. Enache B, Sosdean R, Macarie R, Dodinot B, Pescariu S. Assessing the safety of
implantable cardioverter-defibrillator reuse—a retrospective case-control study.
Pacing Clin Electrophysiol 2019;42:1095–1098.

83. Mond HG, Mick W, Maniscalco BS. Heartbeat International: making “poor”
hearts beat better. Heart Rhythm 2009;6:1538–1540.

84. Leung LWM, Evranos B, Grimster A, et al. Remanufactured circular mapping
catheters: safety, effectiveness, and cost. J Interv Card Electrophysiol 2019;
56:205–211.

85. Leichsenring ML, Psaltikidis EM, de Oliveira Figueiredo MJ, et al. Conception
and validation of a protocol for reuse of non-irrigated electrophysiology cathe-
ters in a Brazilian teaching hospital. J Interv Card Electrophysiol 2018;
51:45–50.

86. Kapoor A, Vora A, Nataraj G, et al. Guidance on reuse of cardio-vascular cath-
eters and devices in India: a consensus document. Indian Heart J 2017;
69:357–363.

87. Lester BR, Alexander AA, Miller K, et al. Comparison of performance charac-
teristics between new and reprocessed electrophysiology catheters. J Interv Card
Electrophysiol 2007;17:77–83.

88. U.S. Government Accountability Office. Reprocessed single-use
medical devices: FDA oversight has increased and available
information does not indicate that use presents an elevated health risk.
Available at: http://www.gao.gov/new.items/d08147.pdf. Accessed June
10, 2022.

89. Duncker D, SvetlosakM, Guerra F, et al. Reprocessing of electrophysiologyma-
terial in EHRA countries: an EHRA Young EP survey. Europace 2021;
23:479–485.

http://refhub.elsevier.com/S2666-5018(22)00225-2/sref39
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref39
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref39
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref40
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref40
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref40
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref41
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref41
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref41
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref42
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref42
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref43
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref43
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref43
http://vizhub.healthdata.org/gbd-compare
http://vizhub.healthdata.org/gbd-compare
http://www.who.int/nmh/publications/ncd_report2010/en/
http://www.who.int/nmh/publications/ncd_report2010/en/
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref46
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref46
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref47
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref47
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref47
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref47
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref48
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref48
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref49
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref50
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref50
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref50
http://www.aha.org/research/reports/tw/15jan-tw-telehealth.pdf
http://www.aha.org/research/reports/tw/15jan-tw-telehealth.pdf
http://apps.who.int/medicinedocs/pdf/s4962e/s4962e.pdf
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref53
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref53
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref53
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref54
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref54
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref54
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref55
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref55
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref55
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref56
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref56
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref56
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref57
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref57
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref57
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref58
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref58
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref58
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref59
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref59
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref59
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref59
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref60
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref60
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref60
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref61
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref61
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref61
https://apps.who.int/iris/bitstream/handle/10665/68571/WHO_EDM_2004.4_eng.pdf?sequence=1&amp;isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/68571/WHO_EDM_2004.4_eng.pdf?sequence=1&amp;isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/68571/WHO_EDM_2004.4_eng.pdf?sequence=1&amp;isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/68571/WHO_EDM_2004.4_eng.pdf?sequence=1&amp;isAllowed=y
https://www.cremationassociation.org/page/IndustryStatistics
https://www.cremation.org.uk
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref65
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref65
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref66
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref66
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref66
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref66
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref66
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref66
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref67
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref67
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref67
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref68
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref68
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref68
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref69
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref69
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref70
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref70
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref70
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref71
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref71
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref71
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref72
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref72
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref72
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref73
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref73
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref73
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref74
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref74
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref74
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref75
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref75
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref75
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref76
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref76
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref76
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref77
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref77
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref77
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref78
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref78
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref78
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref79
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref79
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref79
https://www.myheartyourheart.org/index.html
https://www.myheartyourheart.org/index.html
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref81
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref81
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref82
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref82
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref82
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref83
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref83
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref84
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref84
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref84
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref85
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref85
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref85
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref85
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref86
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref86
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref86
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref87
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref87
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref87
http://www.gao.gov/new.items/d08147.pdf
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref89
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref89
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref89


792 Heart Rhythm O2, Vol 3, No 6PB, December 2022
90. Regulation (EU) 2017/745 of the European Parliament and of the Council
of 5 April 2017 on medical devices, amending Directive 2001/83/EC, Regu-
lation (EC) No 178/2002 and Regulation (EC) No 1223/2009 and repealing
Council Directives 90/385/EEC and 93/42/EEC (Text with EEA relevance)
Text with EEA relevance. Available at: https://eur-lex.europa.eu/legal-
content/EN/TXT/?uri5CELEX%302017R0745-20200424. Accessed July
20, 2022.

91. Tayebjee MH, Jeilan M, Bonny A. The state of cardiac electrophysiology in Af-
rica. Ongoing efforts and future directions. J Am Coll Cardiol EP 2021;
7:1328–1330.

92. Zhang S. APHRS White Book, 9th ed. Available at: https://www.aphrs.org/
attachments/article/42/APHRS%20White%20Book%202021.pdf. Accessed
June 10, 2022.

93. Han JK, Al-Khatib SM, Albert C. Changes in the digital health landscape in car-
diac electrophysiology: a pre-and peri-pandemic COVID-19 era survey. Cardi-
ovasc Digit Health J 2021;2:55–62.

94. Simovic S, Providencia R, Barra S, et al. The use of remote monitoring of car-
diac implantable devices during the COVID-19 pandemic: an EHRA physician
survey. Europace 2022;24:473–480.
95. Makri A. Bridging the digital divide in health care. Lancet Digit Health 2019;1:
e204–e205.

96. Guo Y, Albright D. The effectiveness of telehealth on self-management for older
adults with a chronic condition: a comprehensive narrative review of the litera-
ture. J Telemed Telecare 2018;24:392–403.

97. World Bank. Connecting for inclusion: broadband access for all. Available at:
https://www.worldbank.org/en/topic/digitaldevelopment/brief/connecting-
for-inclusion-broadband-access-for-all. Accessed September 1, 2022.

98. World Bank. Individuals using the Internet (% of population) – low & middle in-
come. https://data.worldbank.org/indicator/IT.NET.USER.ZS?locations5XO
&view5map. Accessed June 10, 2022.

99. Silver L. Smartphone ownership is growing rapidly around the world, but
not always equally. Pew Research; 2019. Available at: https://www.
pewresearch.org/global/2019/02/05/smartphone-ownership-is-growing-rapidly
-around-the-world-but-not-always-equally/. Accessed June 20, 2022.

100. Córdova A. Methodological note: measuring relative wealth using household
asset indicators. AmericasBarometer Insights 2009;6:1–9.

101. World Bank. Mobile cellular subscriptions (per 100 people). https://data.worldbank.
org/indicator/IT.CEL.SETS.P2?end52020&start51984. Accessed June 10, 2022.

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%302017R0745-20200424
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%302017R0745-20200424
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%302017R0745-20200424
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref91
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref91
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref91
https://www.aphrs.org/attachments/article/42/APHRS%20White%20Book%202021.pdf
https://www.aphrs.org/attachments/article/42/APHRS%20White%20Book%202021.pdf
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref93
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref93
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref93
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref94
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref94
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref94
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref95
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref95
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref96
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref96
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref96
https://www.worldbank.org/en/topic/digitaldevelopment/brief/connecting-for-inclusion-broadband-access-for-all
https://www.worldbank.org/en/topic/digitaldevelopment/brief/connecting-for-inclusion-broadband-access-for-all
https://data.worldbank.org/indicator/IT.NET.USER.ZS?locations=XO&amp;view=map
https://data.worldbank.org/indicator/IT.NET.USER.ZS?locations=XO&amp;view=map
https://data.worldbank.org/indicator/IT.NET.USER.ZS?locations=XO&amp;view=map
https://data.worldbank.org/indicator/IT.NET.USER.ZS?locations=XO&amp;view=map
https://www.pewresearch.org/global/2019/02/05/smartphone-ownership-is-growing-rapidly-around-the-world-but-not-always-equally/
https://www.pewresearch.org/global/2019/02/05/smartphone-ownership-is-growing-rapidly-around-the-world-but-not-always-equally/
https://www.pewresearch.org/global/2019/02/05/smartphone-ownership-is-growing-rapidly-around-the-world-but-not-always-equally/
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref100
http://refhub.elsevier.com/S2666-5018(22)00225-2/sref100
https://data.worldbank.org/indicator/IT.CEL.SETS.P2?end=2020&amp;start=1984
https://data.worldbank.org/indicator/IT.CEL.SETS.P2?end=2020&amp;start=1984
https://data.worldbank.org/indicator/IT.CEL.SETS.P2?end=2020&amp;start=1984
https://data.worldbank.org/indicator/IT.CEL.SETS.P2?end=2020&amp;start=1984

	Global disparities in arrhythmia care: Mind the gap
	Introduction
	Epidemiology of cardiac arrhythmias in resource-constrained environments
	Current state of cardiac arrhythmia care in resource-constrained environments
	Incidence of heart block vs pacemaker availability in resource-constrained environments
	Impact of atrial fibrillation in resource-constrained environments
	Impact of sudden cardiac death in resource-constrained environments
	Importance of local infrastructure and local training programs to the delivery of effective arrhythmia care

	Opportunities to build arrhythmia treatment capacity in resource-contrained environments
	Improving access to diagnostics in resource-constrained environments
	Identifying patients who would benefit most from CIED implantation
	Availability of pharmacotherapy in resource-constrained environments
	Reutilization of expensive equipment involved in arrhythmia management, such as CIEDs and mapping or ablation catheters
	CIED reuse
	Reuse of EP catheters

	Existing initiatives that address the training gap in resource-constrained environments
	Collaboration between national and multinational cardiology organizations and policymakers in resource-constrained regions
	Use of telemedicine and digital health tools in resource-constrained environments

	Conclusion
	Acknowledgments
	References


