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It is a sad reality that although eminently preventable, and despite possessing such knowledge for >70 years, rheumatic

heart disease (RHD) remains the most common cause of cardiovascular morbidity and early mortality in young people

worldwide. A disease of the poor, RHD is one of the most neglected diseases. Several challenges are unique to the acute

rheumatic fever/RHD continuum and contribute to its persistence, including its sequestration among the poorest, its

protracted natural history, the erratic availability of penicillin, and the lack of a concerted effort in endemic regions.

However, there is cause for optimism following a resurgence in scientific interest over the last 15 years. This review

presents the latest advancements in epidemiology, diagnosis, and management. It also discusses pressing research

questions on disease pathophysiology, the barriers to implementation of effective management strategies, and pragmatic

policy solutions required for translation of current knowledge into meaningful action. (J Am Coll Cardiol 2023;81:81–94)

© 2023 by the American College of Cardiology Foundation.
M uch has changed since Dr W.B. Cheadle
first proposed the modern concept of the
rheumatic state in his Harveian lectures

in 1889 by opening with the words “There is perhaps
no serious disease more familiar to us than acute
articular rheumatism; it is one of the disorders most
commonly seen in the wards of a general hospital; it
is constantly encountered in private practice.”1 By
the early part of the 20th century, Dr Cheadle’s obser-
vations continued to ring true: acute rheumatic fever
(ARF) had killed more 5- to 20-year-olds than any
other illness in that era,2 and children with ARF still
occupied many of the beds in pediatric wards in
high-income countries (HICs).

However, in the latter half of the 20th century, a
dramatic epidemiologic shift unfolded: the disease
had virtually disappeared in almost all HICs. Indeed,
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ARF has declined to such an extent in these pop-
ulations that most physicians today are unlikely to
ever encounter a case of ARF, and their experience
with rheumatic heart disease (RHD) is usually
restricted to older patients with advanced valvular
lesions and its attendant complications.

This remarkable epidemiologic transformation
probably owes much to the socioeconomic de-
velopments that HICs experienced over the last cen-
tury, developments that have not been afforded to
resource-limited populations which comprise >80%
of the world’s population and where ARF and RHD
remain bigger problems than ever.

From a truly global disease in the 19th and 20th
centuries, ARF has become a disease of crowding and
poverty in the 21st century. Despite this stupendous
advancement, the Global Burden of Disease estimates
https://doi.org/10.1016/j.jacc.2022.09.050
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HIGHLIGHTS

� Rheumatic heart disease is the most
common cause of cardiovascular
morbidity and early mortality in children
and young adults worldwide.

� New data on disease burden have driven
advancements in diagnosis and manage-
ment of patients with rheumatic heart
disease.

� Pragmatic policies are required to trans-
late current knowledge into improved

ABBR EV I A T I ON S

AND ACRONYMS

AF = atrial fibrillation

ARF = acute rheumatic fever

BPG = benzathine penicillin G

GAS = group A Streptococcus

HIC = high-income country

LMIC = low- and middle-

income country

PMBC = percutaneous mitral

balloon commissurotomy

RHD = rheumatic heart disease
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that 40.5 million people currently live with
RHD and 306,000 currently die of this dis-
ease each year.3 A recent analysis has also
shown that RHD receives the least funding
relative to disease burden across a range of 16
tropical diseases. For example, the RHD
funding/disability-adjusted life years is 100-
fold less than for HIV/AIDS.4 Over the last
15 years, however, a renaissance of innova-
tive thinking has generated new optimism
and brought the field closer to the forefront
of scientific interest and international atten-
tion, driven in large part by a better
outcomes for patients with rheumatic
heart disease.
understanding of the true disease burden
(Central Illustration).

In 2005, a landmark study by Carapetis et al5 esti-
mated that RHD represents the greatest disease
burden worldwide among diseases caused by group A
Streptococcus (GAS). Another landmark study in 2007
on Cambodian schoolchildren found a 10-fold higher
prevalence of RHD by echocardiographic screening
compared with auscultation.6 The first international
evidence-based guidelines with well-defined echo-
cardiographic criteria on the diagnosis of RHD
emerged in 2012,7 followed in 2015 by significant
updates to the Jones criteria, including harnessing
echocardiography in the diagnosis of rheumatic car-
ditis, regardless of the presence or absence of a
murmur.8

Effective advocacy, powered by these remarkable
developments, has helped crystalize the calls to ac-
tion and, gradually, the political agenda is beginning
to align with the burden of RHD, as evidenced by the
2018 World Health Assembly resolution on RHD.
Although this has helped generate a new urgency to
critically review ARF/RHD control and priorities for
fresh research, much work lies ahead.

As a result of the widespread use of evidence-
based echocardiography, the entities subclinical car-
ditis and latent RHD are now an established part of
our lexicon (Figure 1). Although recent landmark data
have emerged on the role of secondary penicillin
prophylaxis in latent RHD,9 its epidemiologic and
clinical significance, and that of RHD screening in
general, remain to be established.

Many mysteries of ARF also remain, including the
very nature of its pathophysiology. Understanding
ARF pathophysiology would address critical unmet
needs but may also provide insights into one of the
most perplexing issues in ARF/RHD: why was the ARF
of Dr Cheadle’s era much more conspicuous
compared with today, where the pediatric beds in
endemic regions are no longer filled with cases of ARF
and more than two-thirds of patients with RHD report
no history of ARF?10

CONCEPTUAL UPDATES ON

DISEASE BIOLOGY

ARF is a postinfectious syndrome involving the heart,
joints, subcutaneous tissues, and brain and while
almost all symptoms resolve over weeks to months
without any sequelae, w60% of those with carditis
develop residual valvular damage that is known as
RHD. The greatest risk for a primary episode of ARF
occurs in children and adolescents aged 5 to 15 years,
whereas the peak prevalence of RHD occurs several
decades later, between 25 and 45 years of age,
reflecting the cumulative effects of recurrent epi-
sodes of ARF.

Although most data outside of Oceania indicate
that ARF occurs only after nasopharyngeal infection
with GAS, it is now accepted that GAS skin infections
can also precipitate ARF. Aboriginal and Torres Strait
Islander children experience among the highest rates
of ARF globally, yet recent studies have found throat
carriage of GAS was very low in these populations
while impetigo due to GAS was very common, esti-
mated to affect 45% at any one time.11,12 These
studies have also found a high incidence of group G
streptococcal or group C streptococcal pharyngitis in
those with RHD, potentially implicating these strains
in the etiology of ARF.

The events that occur after GAS infection and that
culminate in ARF remain incompletely understood.
The observation that 3% to 6% of patients with GAS
infection develop ARF suggests that pathogenesis
likely involves socioeconomic risk factors, virulent
strains of GAS, and a suspectable host, individually
and collectively (Figure 2,13 Supplemental Table 1).
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CENTRAL ILLUSTRATION Acute Rheumatic Fever and Rheumatic Heart Disease Control and Prevention
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Global understanding of rheumatic heart disease (RHD) has improved over recent decades. Most patients with RHD have no prior evidence of acute

rheumatic fever (ARF), while streptococcal skin infections can also precipitate ARF in some populations. Echocardiography has expanded disease

phenotypes to include latent RHD and subclinical carditis. The Jones criteria definitions are now context specific, reflecting sharp variations in pretest

probability of ARF. RHD control programs should integrate within primary health care systems with early access to interventional and surgical therapies,

as required. Intramuscular penicillin should be used with caution in severe RHD due to the potential for adverse events.
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The main driver of ARF is frequent untreated GAS
infections; modifying environmental risk factors can
therefore have a profound effect on the incidence of
ARF. For example, data from the United States from
1910 to the 1970s show that w85% of the deaths due
to ARF decreased before 1940,14 probably as a result
of improved housing infrastructure and crowding,
leading to reduced transmission of GAS. These
changes predate the introduction of penicillin in 1942
and changes in the virulence of circulating GAS in the
late 1960s.

GAS possesses several virulence factors. The M
protein, a highly variable surface protein that is
encoded by the emm gene, is essential for GAS viru-
lence by providing antiphagocytic functions, among
others. Epidemiologic studies of GAS strains initially
relied on serotyping the M protein (M typing) in the
1950s, but this method has been superseded by



FIGURE 1 Taxonomy of ARF and RHD

ARF & RHD
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Latent
RHD
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RHD that is first detected
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are subsequently detectable

on clinical examination
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clinical examination
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for RHD.d

Auscultation of an MR or
AR murmur in a patient
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symptoms indicative of a
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undertaken.a

Clinical
Carditis

Clinical
RHD

Borderline
RHD

Definite
RHD

Clinically evident valve
lesions that are detected
when the patient, who is
often symptomatic, seeks

medical care.b

Proposed classification of rheumatic carditis and rheumatic heart disease (RHD), based on clinical examination and echocardiographic findings. aIsolated pericarditis or

myocarditis are not sufficient for a diagnosis of rheumatic carditis. bDetection of a pathologic heart murmur without echocardiography is poorly sensitive and specific in

echocardiographic screening studies for RHD. cAs defined by the 2015 Jones criteria. dAs defined by the 2012 World Heart Federation RHD diagnostic guidelines.

AR ¼ aortic regurgitation; ARF ¼ acute rheumatic fever; MR ¼ mitral regurgitation.
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nucleotide sequencing of the hypervariable 50 end of
the emm gene (emm typing).

Experts have long postulated that various strains
of GAS differ in the likelihood of subsequent ARF (so-
called “rheumatogenic strains”) because certain M
types were implicated strongly and repetitively in
outbreaks of ARF (eg, during the more recent up-
surges in the United States in the 1980s and 1990s).
Such strains remain a hypothesis, however, because
no rheumatogenic factor has ever been isolated.
Epidemiologic studies over the last 2 decades have
also failed to show any association of “rheumato-
genic” emm types with ARF while revealing that
strain diversity in endemic settings is significantly
higher than in HICs, including that ARF is caused by
GAS strains not traditionally associated with ARF.15



FIGURE 2 Categorization of RHD Control and Prevention

Causal PathwayKey: Likely Risk or Protective Factor Suspected Risk or Protective Factor
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Primordial prevention targets societal-level factors contributing to RHD, namely improving living conditions and developing a vaccine against group A Streptococcus

(GAS). Primary prevention targets early detection and treatment of GAS pharyngitis and impetigo. Secondary prevention involves preventing progression of ARF to

RHD, including regular penicillin prophylaxis with the support of an RHD register. Reproduced with permission from Watkins et al.13 ETS ¼ environmental tobacco

smoke; other abbreviations as in Figure 1.
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Current evidence strongly implicates an immuno-
logic mechanism in the pathophysiology of ARF.
There is strong evidence that the initial damage to
cardiac tissues is due to an abnormal humoral
response to GAS infection, which then triggers a T
cell–mediated response as the immune cascade
evolves. Molecular mimicry is thought to underlie
this process. A second and more recent notion is the
“neo-antigen” theory, which suggests that the path-
ogenesis of ARF may not involve molecular mimicry
with GAS antigens or a failure of the human immune
system.16 These theories are summarized in Figure 3
and the following text.

The first hypothesis is the molecular mimicry the-
ory. After infection, GAS adheres to and invades the
epithelial surface of the pharynx or skin, resulting in
activation of both B and T cells in the peripheral
blood. The activated B cells generate antibodies
(antiendothelial cell antibodies) against the M protein
or GAS group A carbohydrate antigen. Antiendothelial
cell antibodies bind to the valve endothelium (endo-
cardium), up-regulating vascular cell adhesion
molecule-1. Up-regulated vascular cell adhesion
molecule 1 allows activated T cells (primarily CD4þ T
cells) to infiltrate into the valve matrix, generating a T
helper 1 response. The resulting cytokine-mediated
damage results in valve breakdown and malforma-
tion. Valve breakdown also exposes type I collagen
(present within the valve matrix), resulting in further
immune-mediated valve damage.



FIGURE 3 Proposed Pathogenesis of ARF in the Heart

Activated cross
reactive T-cell
binds to VCAM1

Activated cross
reactive T-cell

T-cell

MHC class II

Macrophage

GAS

BCR

B-cell

GAS

TCR

Antiendothelial
cell antibodies

Damage to
overlying endothelium

Anticollagen antibodies
(type IV collagen)

Basement Membrane

Basement Membrane

GASEpithelium

Epithelial cell

CB3 domain

PARF
CB3 domain

rendered immunogenic

M-protein

Activated cross
reactive B-cell

Infiltration of
T-cell into the
valve

IFNγ
TNF-alpha

Th1 response

Breakdown of
internal valve

and exposure of
collagen

VCAM1 Laminin

Production of anticollagen
antibodies (type I collagen)

VCAM1

Collagen
Damage

Systemic
Inflammation

Neo-antigen TheoryMolecular Mimicry

Peripheral Blood

Oropharynx/Skin

Valve endothelium
(endocardium)

Molecular mimicry and the neo-antigen theory are both postulated to play a role in the pathophysiology of ARF, either independently or as interlinked processes

(details are given in main text). BCR ¼ B-cell receptor; IFN ¼ interferon; MHC ¼ major histocompatibility complex; TCR ¼ T-cell receptor; TNF-alpha ¼ tumor necrosis

factor alpha; VCAM1 ¼ vascular cell adhesion molecule 1; other abbreviations as in Figures 1 and 2.
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TABLE 1 Priorities for Research and Unmet Needs in ARF Pathophysiology

There is a priority to bring NGS technologies to aid in the understanding of ARF pathophysiology. NGS technologies encompass a multi-omics
approach (genomics, metabolomics, transcriptomics, and others) and have the potential to address important unmet needs in ARF prevention,
presentation, diagnosis, and management.

1. ARF prevention: the fear of autoimmune complications induced by vaccines against GAS has perhaps been the greatest obstacle to vaccine
development. NGS technologies, combined with a GAS human challenge model, would allow a clearer delineation of initial host–pathogen
interactions and immune responses and help address these concerns.

2. ARF presentation: one of the most glaring unanswered questions in ARF and RHD research is, why is the incidence of ARF significantly less than the
prevalence of RHD? Although the answer is likely multifactorial, one possibility is that ARF in endemic settings manifests as a distinct clinical
phenotype, whereas progression to RHD tends to be subclinical, compared with low-risk populations that experience periodic epidemics.

3. ARF diagnosis: the Jones criteria have imperfect sensitivity and specificity and rely on accurate application by the clinician. Individual biomarkers
have the potential to improve diagnostic accuracy of ARF. NGS technologies offer hope of identifying a biomarker, or range of biomarkers, that
could be used as a gold standard diagnostic test, or at least as an additional test to improve the accuracy of the Jones criteria.

4. ARF management: no treatment for ARF (eg, penicillin, NSAIDs, corticosteroids) has been proven to slow the progression of valvular disease.
Understanding ARF pathophysiology could pave the way to the development of immunomodulatory therapies that could prevent development or
reduce progression of valve disease.

Another important challenge of using NGS technologies in ARF is to ensure they remain affordable in settings where the disease is most common: low-
and middle-income countries. Recent experiences have suggested there is a need to adapt higher technology testing to resource-limited settings,
such as via point-of-care testing, rather than relying on more traditional laboratory testing.

ARF ¼ acute rheumatic fever; GAS ¼ group A Streptococcus; NGS ¼ next-generation sequencing; NSAID ¼ nonsteroidal anti-inflammatory drug; RHD ¼ rheumatic heart disease.
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The second hypothesis is the neo-antigen theory.
After infection, GAS enters the epithelial basement
membrane in the pharynx or skin. An octapeptide
motif on the GAS M protein called PARF binds to the
CB3 region of type IV collagen (present in the base-
ment membrane), which renders the CB3 domain
immunogenic. Autoantibodies are then directed
against type IV collagen, resulting in systemic
inflammation. Owing to the similarities between
various forms of collagen, these antibodies may then
target type I collagen in the valve, resulting in dam-
age to the overlying valvular endothelium, leading to
valve breakdown and malformation.

These 2 hypotheses are important and both could
be correct, with one hypothesis not excluding the
other. Most autoimmune diseases involve more than
one autoantigen, and given that anticardiac myosin/
laminin antibodies and anticollagen antibodies are
both found in acute rheumatic carditis, it is possible
that one might precede the other.17 Unravelling the
mechanisms by which GAS infection leads to ARF can
potentially revolutionize ARF and RHD prevention
and control (Table 1).

CONTEMPORARY UNDERSTANDING OF

RHD EPIDEMIOLOGY

In the past 2 to 3 decades, there have been important
developments in our understanding of the epidemi-
ology of RHD.

MEASURES OF DISEASE BURDEN. A variety of
methods can be used to survey populations for RHD.18

Their advantages and limitations are summarized in
Table 2. The use of echocardiographic screening has
uncovered the existence of clinically silent rheumatic
valve disease in a relatively large number of in-
dividuals residing in regions that are endemic for
RHD.6 This entity is now widely recognized as latent
(subclinical) RHD, and it is seldom seen in populations
that are not at risk for RHD.19 Latent (subclinical) RHD
progresses to clinically manifest disease at rates that
are determined by the severity of valve affliction and
younger age at initial detection. Although the preva-
lence of latent RHD may be a useful surrogate for the
overall disease burden in a population, the precise
relationship between numbers identified through
echocardiographic screening and those with clinically
manifest RHD is unclear.

GLOBAL TRENDS. Today, RHD is largely confined to
the world’s poorest populations with limited access to
primary health care. This includes low- and middle-
income countries (LMICs) and pockets of marginal-
ized populations in selected HICs. In large LMICs such
as India, Brazil, and China, there are sharp regional
variations in RHD burden that mirror human devel-
opment and access to primary health. However, it is
estimated that >40 million individuals are affected
with RHD across the globe, and RHD remains among
the leading causes of cardiovascular mortality in
young adults worldwide.3

It is perhaps important to recognize that declines
in RHD prevalence and mortality in most parts of the
world have paralleled general improvements in
health and access to primary care and not because of
implementation of disease-specific prevention stra-
tegies. It has also been shown that the decline in ac-
cess to primary care as a result of the break-up of the
Soviet Union was associated with a sharp increase in
ARF and RHD in Central Asia.20 There are a few ex-
amples of control programs specifically targeted at



TABLE 2 Methods Used to Measure the Burden of Rheumatic Heart Disease in Populations

What Is Measured? Limitations Advantages

Community-based
echocardiographic
surveys

Prevalence of both subclinical
and missed clinical RHD

Logistics of selecting a representative
population of a region can be challenging

Regions with low prevalence require very large
sample size.

Better suited for high-
prevalence regions with a
clearly defined denominator

Clinical registries Identifies clinically manifest
RHD

Can be used to estimate
disability and calculate
disability-adjusted life
years

Heavily dependent on referral pathways:
health care infrastructure in the area and
willingness of the potential sources of referral

Underreporting: mild cases, missed diagnosis,
and marginalized sections of the
population may be missed

Overreporting: sampling from outside the study area
due to referral to specialist centers

Denominator: dependent on census data,
errors may result from underestimation or
overestimation of the migrant population

Wide coverage
Relatively easy to organize

School surveys Prevalence of RHD in a
school-aged population.

Physical examination will only
identify clinically manifest
disease.

Identifying subclinical RHD in
schools requires mass
echocardiographic
screening.

Focus entirely on the 5- to 15-year-old age group
Limited value in areas with poor school

enrollment rates
Affected children may not attend schools

(absenteeism)
School surveys may yield a much lower

prevalence in regions where affected RHD patients
are older

Clearly defined denominator
allows systematic and
well-organized survey

Better suited for RHD than
for ARF

Hospital statistics Burden of clinically manifest
RHD with relatively advanced
disease

Outpatient clinic records and inpatient admissions:
only those relatively sick will be represented

Procedure records: likely to miss valve lesions
that do not require a procedure

Diagnosis is likely to be accurate
although usually dependent
on clinical coding

Mortality statistics Mortality from RHD Underreporting in areas with poor health
infrastructure

Weak mortality statistics in some regions
(eg, Africa)

Misclassification of underlying cause of
deaths (eg, coded as heart failure or
stroke instead of RHD)

Premature mortality is a key
measure for estimating
disease burden

Abbreviations as in Table 1.
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RHD that have been effective in relatively smaller
populations such as in Cuba and Costa Rica, where
they served to greatly accelerate the declining
trend.21 While developing strategies for RHD control,
it is essential to recognize the critical importance of
primary health care, which is vital for the mainte-
nance of disease registries as well supporting the care
continuum of RHD from management of a sore throat
to enabling tertiary care.

UPDATES ON DIAGNOSIS, PREVENTION AND

CONTROL, AND MANAGEMENT

DIAGNOSIS. The diagnosis of ARF remains depen-
dent on clinical criteria first described by Dr T.
Duckett Jones in 1944.22 Given the shifting epidemi-
ology of ARF in HICs over the last century, the criteria
have undergone numerous revisions to maintain Dr
Jones’s original intention of maintaining high speci-
ficity for ARF in low-risk populations.

More recently, in 2015, the American Heart As-
sociation has supported a fundamental overhaul of
the Jones criteria to account for the sharp contrast
in disease burden between low-risk and medium/
high-risk areas. This is important because the util-
ity of a diagnostic test is influenced by background
disease prevalence, and thus a single set of diag-
nostic criteria for ARF was no longer appropriate.
Accordingly, the diagnostic thresholds for the Jones
criteria are now relatively lenient for moderate/
high-risk areas (prioritizing sensitivity) and rela-
tively stringent for low-risk areas (prioritizing
specificity).8

Medium/high-risk populations are defined as
those where the incidence of ARF is >2 per 100,000
in 5- to 14-year-olds per year or an all-age RHD
prevalence of >1 per 1,000 population per year.
Within these populations, polyarthralgia, mono-
arthritis, and monoarthralgia have been added to the
joint criterion; the temperature threshold has been
lowered to $38 oC; and the erythrocyte sedimentation
rate threshold has been lowered to $30 mm/h.

The second major shift in the guidelines has been
the addition of echocardiography for the diagnosis of
carditis. Although auscultation of a regurgitant
murmur remains a major criterion for carditis,



TABLE 3 Management of ARF

Specific Treatment Modalities Rationale Recommendations

Elimination of GAS skin
or throat infection

Penicillin and alternatives To limit the repetitive exposure to
GAS antigens

A single intramuscular dose of BPG is ideal. Oral penicillin V can also be used.
Azithromycin can be used for those with penicillin allergy.

Suppression of
inflammation

NSAIDs (naproxen safer
than aspirin) and steroids

Relief from symptoms of fever and
arthritis

NSAIDs and steroids have not been
shown to prevent the
progression to RHD

Naproxen immediate release oral: adult 250-500mgq12h; child 10-20mg/kg/d,
divided q12h (maximum 1,000 mg/d) until pain is relieved, then taper the
dose.

Steroids are a useful alternative to NSAIDs in those who continue to worsen and
develop heart failure. They enable rapid relief of symptoms and reduce the
duration of hospitalization.

Prednisolone/prednisone (1-2 mg/kg/d, maximum 80 mg/d) is generally
preferred. It canbe tapered after 2-3weeks. Intravenousmethylprednisolone
can be used in life-threatening situations

Prevention of recurrences Secondary penicillin
prophylaxis

Secondary prophylaxis prevents
recurrences of ARF and
progression of heart valve
damage

3-4 weekly intramuscular BPG or daily oral penicillin V (2009 AHA
guidelines):

ARF without carditis: until age 21 years or for 5 years after last ARF episode
(whichever is longer)

ARF with carditis but no residual valve damage: until age 21 years or for 10
years after last ARF episode (whichever is longer)

ARF with carditis and residual valve damage: until age 40 years or for 10 years
after last ARF episode (whichever is longer); lifelong prophylaxis may be
needed

AHA ¼ American Heart Association; BPG ¼ benzathine penicillin G; q12h ¼ every 12 hours; other abbreviations as in Table 1.
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detection of pathologic mitral and/or aortic regurgi-
tation by echocardiography, regardless of the pres-
ence or absence of a murmur, is now also considered
diagnostic of carditis (Figure 1).8

The application of artificial intelligence to echo-
cardiography has the potential to improve RHD
diagnosis and move toward more equitable access to
echocardiography. One example would be through
automated RHD detection by nonexperts during
population-based screening programs.

PREVENTION AND CONTROL. The traditional cate-
gorization of RHD prevention into primordial, pri-
mary, and secondary prophylaxis is shown in Figure 2.
Primordial prevention of GAS infections requires
improvement in living conditions and an effective
vaccine. Primary prevention is targeted at early
detection and treatment of GAS pharyngitis and
impetigo. When applied to large populations, primary
prevention programs can be expensive.23 Secondary
prevention involves preventing progression of latent
or clinical RHD.

Because RHD runs a protracted course over several
years, attention must be given throughout the life
course of the disease to facilitate optimal manage-
ment in affected populations. RHD prevention and
control programs should seek establishment of a
continuum of care in the community for people
affected by or at risk of ARF/RHD.24 This approach
seeks to integrate secondary prophylaxis, access to
specialized care that includes appropriate medical
therapy with strategies to improve adherence and
retention, access to surgery and interventions in
specialized centers, appropriate follow-up care that
includes monitoring of anticoagulation, and which
addresses special challenges during events such as
pregnancy.

Maintaining a regional RHD register is a critical
requirement for prevention and control of RHD as
it enables attention to all the components of the
care continuum. The regional registers should be in-
tegrated into national databases that would allow for
real-time assessment of disease burden. Regions with
a high burden of RHD should be targeted for intense
community education and primary prevention ef-
forts. Unfortunately, health systems in the most
affected regions often do not have the wherewithal to
support such a comprehensive approach.

LATENT (SUBCLINICAL) RHD. A large single-center
trial in Uganda that assessed the impact of 4-weekly
(every 4 weeks) intramuscular benzathine penicillin
G (BPG) injections on the progression of latent RHD
over 2 years showed that only 0.8% of children in the
BPG arm progressed compared with 8% in the non-
BPG arm, suggesting a strong protective effect of
BPG.9 Although it would be appropriate to recom-
mend penicillin prophylaxis for latent RHD, there are
significant practical challenges that relate to the
acceptability of regular injections in asymptomatic
individuals, availability of penicillin, and prepared-
ness of health systems. For borderline RHD, current
evidence does not support long-term peni-
cillin prophylaxis.

EPISODES OF ARF. Table 3 summarizes the goals of
management of ARF.
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MANAGEMENT OF CLINICAL RHD

MEDICAL MANAGEMENT. Although timely surgery or
catheter-based treatment is ideally needed for
symptomatic severe valvular disease, their availabil-
ity is severely limited in most LMICs. Therefore,
medical management is often all that can be offered
initially, and it is targeted at consequences of
valvular regurgitation or stenosis, including heart
failure and atrial fibrillation (AF). Diuretic agents are
the mainstay of management for symptomatic pa-
tients. Additional therapy is dictated by the specific
valve lesions.

Isolated mitral stenosis benefits significantly from
reductions in heart rate, which improves diastolic
filling and reduces the transvalvular gradient. This is
achieved through either beta-blockers or digoxin for
those with AF. There is a possible association of
digoxin use with increased mortality in mitral ste-
nosis, particularly among those without concomitant
AF or heart failure.25 For those with sinus rhythm,
ivabradine is an additional option.26

For severe regurgitation of the mitral or aortic
valves, afterload reduction with angiotensin-
converting enzyme inhibitors or angiotensin recep-
tor blockers partially mitigates the physiological
consequences; however, there is no evidence
showing long-term benefits in terms of reduction of
progression of valve regurgitation or need for sur-
gery.27,28 Beta-blockers have also been used in
regurgitant lesions, with little evidence favoring
long-term benefits. Tricuspid valve involvement re-
sults in systemic venous congestion and is largely
managed with diuretic agents. Severe aortic stenosis
is particularly challenging to treat medically, and
most cases will require surgical intervention.

In a Ugandan series, AF was the most common
complication of RHD, contributing to both heart fail-
ure and thromboembolic risk.29 The need for frequent
international normalized ratio (INR) testing is a major
barrier to the use of vitamin K antagonists (VKAs).
The recently published INVICTUS trial compared
VKAs with rivaroxaban in AF patients with predomi-
nantly hemodynamically significant rheumatic mitral
stenosis.30 Surprisingly, rivaroxaban increased the
risk of the primary outcome (stroke, systemic embo-
lism, myocardial infarction, or death from vascular or
unknown causes) by 25% compared to those taking
VKAs, which was driven almost entirely by a reduc-
tion in death in the VKA arm. This may, in part, be
explained by the more frequent physician in-
teractions for INR monitoring, thus allowing for
medical optimization. We believe that for patients
with significant rheumatic mitral stenosis and AF,
VKAs should remain the oral anticoagulant of choice
as per current guidelines; however, for RHD patients
without significant mitral stenosis who develop AF,
non-vitamin K antagonist oral anticoagulants should
remain a potential option pending further evidence.

Patients with clinical RHD who have had surgery
may need lifelong penicillin prophylaxis, or at least
until age 40 years (Table 3). Three-to-four weekly BPG
is the first-line choice for secondary prophylaxis of
ARF and RHD. Fear of adverse events with BPG in-
jections, however, is a barrier to effective treatment,
and although serious events, including death and
anaphylaxis, are rare, the evidence base for adverse
BPG reactions among patients with RHD remains
sparse. Nevertheless, there is concern that BPG in-
jections may result in cardiac compromise in some
patients with severe RHD (which may be mis-
interpreted as anaphylaxis), and the American Heart
Association has recently advised that oral antibiotics
be strongly considered in such patients (Figure 4).31

Plans are underway to conduct clinical trials
that compare oral penicillin as an alternative to
injectable BPG.
CATHETER-BASED THERAPY. In patients with severe
symptomatic mitral stenosis and favorable valve
morphology, percutaneous mitral balloon commis-
surotomy (PMBC) is the treatment of choice, although
this approach depends on the availability of relevant
expertise. Outcomes after PMBC have been shown to
be good, with symptom relief that can last as long as
20 years.32 The best candidates for PMBC are those
with isolated mitral stenosis and pliable, noncalcified
valves that are predominantly fused at the commis-
sures with limited subvalvular pathology and no left
atrial thrombus.33 The scope of PMBC has widened
considerably over the years, including as an option
for pregnant women with severe symptomatic mitral
stenosis (which often presents for the first time dur-
ing pregnancy), with success rates exceeding 95%.34

Isolated aortic stenosis is exceptional in RHD and is
generally not suited for balloon dilation. Trans-
catheter aortic valve implantation, which is now an
established therapy for severe calcific aortic stenosis,
is unlikely to play a significant role in rheumatic
aortic stenosis given the rarity of isolated rheumatic
aortic stenosis, the relatively young age of these pa-
tients, and the relative lack of calcification of the
rheumatic aortic valve.
SURGICAL INTERVENTIONS. Indications for surgery
in RHD must be tailored to the individual patient
based on a comprehensive assessment of the patient’s
condition, specifics of the valve lesion(s), surgical
capabilities, and socioeconomic, cultural, and
geographic background, as well as individual patient



FIGURE 4 AHA Presidential Advisory for Prophylaxis of ARF and RHD

• Borderline RHD
• Mild or moderate mitral regurgitation
• Mild or moderate aortic regurgitation
• Mild or moderate mitral stenosis
• Asymptomatic severe mitral regurgitationa

• Postsurgical or postinterventional RHD
   patients with no more than moderate residual
   valvular heart disease and LVEF ≥50%

Low-risk
patient

Secondary prophylaxis
of ARF and RHD

• Severe mitral regurgitation
• Severe mitral stenosis
• Severe aortic regurgitation
• Severe aortic stenosis
• LVEF <50%
• NYHA functional class III or IVb

• WHO and AHA both recommend sulfadiazine as first
   choice for secondary prophylaxis in patients allergic
   to penicillin, although it is rarely used
• Oral macrolides (azithromycin, erythromycin, or
   clarithromycin) are recommended as the
   alternative to both penicillin and sulfadiazine

Elevated-risk
patient

Intramuscular BPG
every 3-4 weeks

Oral penicillin V
twice daily

Prior penicillin allergy
or hypersensitivity

reaction

This recent advisory states that patients with severe RHD may be at increased risk of cardiovascular compromise and death if they develop an

adverse (nonanaphylactic) reaction while receiving intramuscular penicillin. This advisory is based on very limited evidence and has yet to be widely

accepted internationally. aPatients with isolated severe MR often move back and forth between low-risk and high-risk categories. bIncludes symptoms

caused by nonstructural contributing factors such as atrial fibrillation and anemia. AHA ¼ American Heart Association; BPG ¼ benzathine penicillin G;

LVEF ¼ left ventricular ejection fraction; NYHA ¼ New York Heart Association; WHO ¼ World Health Organization; other abbreviations as in

Figure 1.
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TABLE 4 Indications for Surgery in RHD

Specific Recommendations

Mitral stenosis Moderate to severe (#1.5 cm2) symptomatic mitral stenosis where PMBC is contraindicated or less favorable:
Calcific mitral stenosis with calcified commissures or extensive calcium deposits
Severe fusion of subvalvular apparatus
Associated mitral regurgitation: more than mild and/or at the commissures
Left atrial clot

Mitral regurgitation Severe symptomatic chronic mitral regurgitation
Acute mitral regurgitation resulting from chordal rupture during ARF that is unresponsive to therapy
Asymptomatic mitral regurgitation with LVEF #60%, LVESD $40 mm, LA volume $60 mL/m2 or diameter $55 mm, SPAP

>50 mm Hg
Atrial fibrillation

Aortic regurgitation Severe symptomatic chronic aortic regurgitation
Asymptomatic aortic regurgitation with LVESD $50 mm or 25 mm/m2 BSA, or LVEF #50%

Tricuspid valve
disease

Isolated tricuspid valve disease is rare in RHD. Any significant associated tricuspid valve disease must be addressed during valve
repair or replacement of other valves. In general, tricuspid valves can be repaired in most patients.

Mixed heart valve
disease

In general, symptomatic mixed or multivalve heart disease merits consideration for surgery. Approach should be individualized
depending on the specifics of valve disease.

BSA ¼ body surface area; LA ¼ left atrial; LVEF ¼ left ventricular ejection fraction; LVESD ¼ left ventricular end-systolic dimension; MR ¼ mitral regurgitation;
PMBC ¼ percutaneous mitral balloon commissurotomy; SPAP ¼ systemic pulmonary artery pressure; other abbreviations as in Table 1.
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preferences. Surgery is indicated for symptomatic
valve regurgitation or valve stenosis not amenable to
transcatheter management. As in nonrheumatic
valvular disease, severe isolated or combined mitral
and aortic regurgitation needs to be monitored regu-
larly through serial echocardiography and requires
consideration for surgery once chamber dimensions
that predict a high risk of persistent ventricular
dysfunction are reached (Table 4).

Multivalve and mixed valve lesions are common in
RHD. They require a nuanced approach after careful
assessment of relative severity of individual lesions.
The threshold for surgery is often higher because
double valve surgery carries significant additional
risks and is often very expensive.

Surgical valve repair offers the prospect of
avoiding dependence on long-term anticoagulation.
The mitral valve is better suited for repair compared
with the aortic valve. However, the thresholds and
results of valve repair are dictated by surgical
expertise and experience.35 Mitral valve repair helps
preserve ventricular function better than replace-
ment. However, the specific challenges of mitral
valve repair include the fact that it is technically
challenging. There is also continued vulnerability to
ongoing rheumatic valvulitis and the extremely
limited feasibility of a second open heart surgery
among affected patients because of resource
constraints.

The rheumatic aortic valve is usually regurgitant
and is generally not suited for repair. Mechanical
aortic valve replacement also requires lifelong anti-
coagulation but is generally more forgiving when
it comes to fluctuations in INR compared with
mechanical mitral valve replacement.
CHALLENGES AND BARRIERS TO RHD

PREVENTION AND MANAGEMENT IN

AFFECTED POPULATIONS

The knowledge required to prevent ARF recurrence
and progression of heart disease has been available
for nearly 7 decades. However, RHD continues to be a
major global challenge. A number of challenges are
unique to RHD and they tend to get amplified in large
populations. The disease runs a long and protracted
course over many years, and affected individuals
need close follow-up and lifelong attention in the
form of penicillin prophylaxis and heart failure
medications, as well as one or more surgical or
catheter-based interventions. Special attention is
required if the affected patient becomes pregnant or
develops another illness. Because of the complexities
of RHD prevention and management, competing
public health priorities that are easier to manage
appear as better targets for allocation of limited re-
sources. Other important challenges are described in
Table 5.

PUBLIC HEALTH APPROACHES TO

RHD PREVENTION

Because of its overall complexity, perhaps RHD con-
trol cannot be accomplished as a vertical disease
program that exists in relative isolation as a distinct
entity. The care continuum of RHD is critically
dependent on having a robust primary health care
system. Countries or regions with a uniformly high
burden of RHD can develop a national policy that
deeply integrates RHD control with its primary care
services.



TABLE 5 Key Challenges and Barriers for RHD Control and How They Can Be Addressed

Details Suggested Solutions

Complexities of RHD
prevention and
management

Competing public health priorities that are easier to manage
and appear as better targets for allocation of limited
resources.

Presenting compelling economic arguments for RHD control
and indicating the loss in terms of health care costs and
productivity among young affected populations.

Magnitude Large number of people affected that is well beyond the
collective capacity of health infrastructure and resources
in many nations.

Developing a targeted strategy that focuses on the most
severely affected populations.

Data Few data from regions that are likely to be worst affected
because these regions have a very poor health
infrastructure. Data collection and implementation of
RHD control strategies require a reasonably functional
health infrastructure. Registers not maintained or
mandated for most LMICs.

Using echocardiographic prevalence of latent RHD in sample
surveys as a surrogate of disease burden.

Awareness Poor awareness of the magnitude of the problem and the
distribution of disease among many health professionals,
including cardiologists and policy makers. There is a
mistaken perception that RHD is on a decline because of
sequestration of disease in poorly served regions.

Curriculum revisions for undergraduate and postgraduate
education, dedicated CME programs and interactive
sessions, capsules of education material that summarize
recent guidelines, dedicated sessions in major conferences.
All these strategies can be implemented through close
liaison with professional bodies.

Penicillin
administration
and availability

Penicillin supply chains are currently unable to cater to the
demands in many parts of the world. Exaggerated fears
regarding anaphylaxis.

Special efforts must be made in conjunction with the
government on procurement of the active pharmaceutical
ingredient, local formulation of injectable BPG, distribution
through effective supply chains as dictated by regional
demands. Global lack of availability of the active
pharmaceutical ingredient. Sustained advocacy and
international cooperation and involvement of agencies such
as the World Health Organization.

Policy ARF/RHD are not notifiable diseases in many nations.
Significant challenges in formulating a uniform policy
across large and diverse populations.

Sensitize health policy makers on the disease burden, regional
variations and economic impact, as well as the opportunity
to prevent RHD through public health interventions.

Implementation Dysfunctional health systems can obstruct the
implementation of RHD control efforts. RHD registries are
seldom maintained. The care continuum is largely
nonexistent for more regions.

RHD burden can be used as a barometer of effectiveness of
primary health care. This will bring the focus of RHD control
to primary care providers. RHD care must be integrated into
models for universal health coverage.

CME ¼ continuous medical education; LMIC ¼ low- and middle-income countries; other abbreviations as in Tables 1 and 3.
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For larger countries with regional diversity in RHD
prevalence, such as India, a uniform national policy
may not work. Here, it may be necessary to identify
high prevalence regions and target them first. Socio-
demographic indices are reasonable surrogates for
RHD burden and may be used for the initial phases of
disease control. Alterations and adjustments must be
made once data on disease burden are obtained.
Echocardiographic screening of sample populations
may allow for rapid estimates of the likely disease
burden. There is a need for sustained advocacy using
innovative strategies to overcome the barriers that
hinder RHD prevention (Table 5).

ACKNOWLEDGMENTS The authors thank Professor
Madeline Cunningham, George Lynn Cross Professor
at the University of Oklahoma Health Sciences Centre,
for her assistance with Figure 3, and Mr Vishnu Nair,
Web & Multimedia Designing Expert, Public Health
Foundation of India, for his help with the Central
Illustration, Figure 3.

FUNDING SUPPORT AND AUTHOR DISCLOSURES

The authors have reported that they have no relationships relevant to

the contents of this paper to disclose.

ADDRESS FOR CORRESPONDENCE: Dr Scott Dough-
erty, Department of Cardiology, Tseung Kwan O Hospi-
tal, 2 Po Ning Ln, Tseung Kwan O, Hong Kong. E-mail:
s.dougherty_imca@yahoo.com. Twitter: @DrScottD85.
RE F E RENCE S
1. Manson G. A history of rheumatic fever. 7. Henry
Ford Hospital Medical Bulletin; 1959:145–155.

2. Armstrong D, Wheatley G. Studies in Rheumatic
Fever. Metropolitan Life Insurance Company;
1944.

3. Roth GA, Mensah GA, Johnson CO, et al. Global
burden of cardiovascular diseases and risk factors,
1990-2019: update from the GBD 2019 Study.
J Am Coll Cardiol. 2020;76(25):2982–3021.

4. Macleod CK, Bright P, Steer AC, Kim J, Mabey D,
Parks T. Neglecting the neglected: the objective
evidence of underfunding in rheumatic heart dis-
ease. Trans R Soc Trop Med Hyg. 2019;113(5):287–
290.
5. Carapetis JR, Steer AC, Mulholland EK, Weber M.
The global burden of group A streptococcal dis-
eases. Lancet Infect Dis. 2005;5(11):685–694.

6. Marijon E, Ou P, Celermajer DS, et al. Preva-
lence of rheumatic heart disease detected by
echocardiographic screening. N Engl J Med.
2007;357(5):470–476.

mailto:s.dougherty_imca@yahoo.com
https://twitter.com/DrScottD85
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref1
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref1
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref2
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref2
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref2
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref3
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref3
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref3
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref3
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref4
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref4
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref4
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref4
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref4
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref5
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref5
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref5
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref6
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref6
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref6
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref6


Dougherty et al J A C C V O L . 8 1 , N O . 1 , 2 0 2 3

Rheumatic Heart Disease J A N U A R Y 3 / 1 0 , 2 0 2 3 : 8 1 – 9 4

94
7. Remenyi B, Wilson N, Steer A, et al. World Heart
Federation criteria for echocardiographic diagnosis
of rheumatic heart disease—an evidence-based
guideline. Nat Rev Cardiol. 2012;9(5):297–309.

8. Gewitz MH, Baltimore RS, Tani LY, et al. Revi-
sion of the Jones criteria for the diagnosis of acute
rheumatic fever in the era of Doppler echocardi-
ography: a scientific statement from the American
Heart Association. Circulation. 2015;131(20):1806–
1818.

9. Beaton A, Okello E, Rwebembera J, et al. Sec-
ondary antibiotic prophylaxis for latent rheumatic
heart disease. N Engl J Med. 2022;386(3):230–
240.

10. Zuhlke L, Engel ME, Karthikeyan G, et al.
Characteristics, complications, and gaps in
evidence-based interventions in rheumatic heart
disease: the Global Rheumatic Heart Disease
Registry (the REMEDY study). Eur Heart J.
2015;36(18):1115–1122a.

11. Bowen AC, Mahe A, Hay RJ, et al. The global
epidemiology of impetigo: a systematic review of
the population prevalence of impetigo and pyo-
derma. PLoS One. 2015;10(8):e0136789.

12. McDonald MI, Towers RJ, Andrews RM,
Benger N, Currie BJ, Carapetis JR. Low rates of
streptococcal pharyngitis and high rates of pyo-
derma in Australian aboriginal communities where
acute rheumatic fever is hyperendemic. Clin Infect
Dis. 2006;43(6):683–689.

13. Watkins D, Baker M, Kumar R, Parks T. Epide-
miology, risk factors, burden and cost of ARF and
RHD. In: Dougherty S, Carapetis J, Zühlke L,
Wilson N, eds. Acute Rheumatic Fever and Rheu-
matic Heart Disease. Elsevier; 2021:1–18.

14. Gordis L. The virtual disappearance of rheu-
matic fever in the United States: lessons in the rise
and fall of disease. T. Duckett Jones memorial
lecture. Circulation. 1985;72(6):1155–1162.

15. Martin WJ, Steer AC, Smeesters PR, et al. Post-
infectious group A streptococcal autoimmune
syndromes and the heart. Autoimmun Rev.
2015;14(8):710–725.

16. Tandon R, Sharma M, Chandrashekhar Y,
Kotb M, Yacoub MH, Narula J. Revisiting the
pathogenesis of rheumatic fever and carditis. Nat
Rev Cardiol. 2013;10(3):171–177.
17. Cunningham MW. Rheumatic fever revisited.
Nat Rev Cardiol. 2014;11(2):123.

18. Watkins DA, Hasan B, Mayosi B, et al. Struc-
tural heart diseases. In: Prabhakaran D, Anand S,
Gaziano TA, Mbanya JC, Wu Y, Nugent R, eds.
Cardiovascular, Respiratory, and Related Disorders.
3rd ed. The International Bank for Reconstruction
and Development/The World Bank; 2017.

19. Roberts K, Maguire G, Brown A, et al. Echo-
cardiographic screening for rheumatic heart dis-
ease in high and low risk Australian children.
Circulation. 2014;129(19):1953–1961.

20. Omurzakova NA, Yamano Y, Saatova GM, et al.
High incidence of rheumatic fever and rheumatic
heart disease in the republics of Central Asia. Int J
Rheum Dis. 2009;12(2):79–83.

21. Nordet P, Lopez R, Duenas A, Sarmiento L.
Prevention and control of rheumatic fever and
rheumatic heart disease: the Cuban experience
(1986-1996-2002). Cardiovasc J Afr. 2008;19(3):
135–140.

22. Bland EF, Duckett Jones T. Rheumatic fever
and rheumatic heart disease; a twenty year report
on 1000 patients followed since childhood. Cir-
culation. 1951;4(6):836–843.

23. Coates MM, Sliwa K, Watkins DA, et al. An in-
vestment case for the prevention and manage-
ment of rheumatic heart disease in the African
Union 2021-30: a modelling study. Lancet Glob
Health. 2021;9(7):e957–e966.

24. Mocumbi AO. Rheumatic heart disease: is
continuum of care achievable in Africa? Circ Car-
diovasc Qual Outcomes. 2017;10(11).

25. Karthikeyan G, Devasenapathy N, Zühlke L,
et al. Digoxin and clinical outcomes in the Global
Rheumatic Heart Disease Registry. Heart.
2018;105:350–352.

26. Ramos JDA, Cunanan EL, Abrahan LLT,
Tiongson MDA, Punzalan FER. Ivabradine versus
beta-blockers in mitral stenosis in sinus rhythm: an
updated meta-analysis of randomized controlled
trials. Cardiol Res. 2018;9(4):224–230.

27. Sampaio RO, Grinberg M, Leite JJ, et al. Effect
of enalapril on left ventricular diameters and ex-
ercise capacity in asymptomatic or mildly symp-
tomatic patients with regurgitation secondary to
mitral valve prolapse or rheumatic heart disease.
Am J Cardiol. 2005;96(1):117–221.
28. Elder DH, Wei L, Szwejkowski BR, et al. The
impact of renin-angiotensin-aldosterone system
blockade on heart failure outcomes and mortality
in patients identified to have aortic regurgitation:
a large population cohort study. J Am Coll Cardiol.
2011;58(20):2084–2091.

29. Okello E, Longenecker CT, Beaton A, Kamya MR,
Lwabi P. Rheumatic heart disease in Uganda: pre-
dictors of morbidity and mortality one year after
presentation. BMC Cardiovasc Disord. 2017;17(1):20.

30. Connolly SJ, Karthikeyan G, Ntsekhe M, et al.
Rivaroxaban in rheumatic heart disease-associated
atrial fibrillation. N Engl J Med. 2022;387(11):978–
988.

31. Sanyahumbi A, Ali S, Benjamin IJ, et al. Peni-
cillin reactions in patients with severe rheumatic
heart disease: a presidential advisory from the
American Heart Association. J Am Heart Assoc.
2022;11(5):e024517.

32. Tomai F, Gaspardone A, Versaci F, et al.
Twenty year follow-up after successful percuta-
neous balloon mitral valvuloplasty in a large
contemporary series of patients with mitral ste-
nosis. Int J Cardiol. 2014;177(3):881–885.

33. Wilkins GT, Weyman AE, Abascal VM,
Block PC, Palacios IF. Percutaneous balloon
dilatation of the mitral valve: an analysis of
echocardiographic variables related to outcome
and the mechanism of dilatation. Br Heart J.
1988;60(4):299–308.

34. Sreerama D, Surana M, Moolchandani K, et al.
Percutaneous balloon mitral valvotomy during
pregnancy: a systematic review and meta-anal-
ysis. Acta Obstet Gynecol Scand. 2021;100(4):
666–675.

35. Avila WS, Rossi EG, Ramires JA, et al.
Pregnancy in patients with heart disease: experi-
ence with 1,000 cases. Clin Cardiol. 2003;26(3):
135–142.

KEY WORDS acute rheumatic fever,
echocardiography, group A Streptococcus,
prevention and control, rheumatic heart
disease

APPENDIX For a supplemental table, please
see the online version of this paper.

http://refhub.elsevier.com/S0735-1097(22)07303-X/sref7
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref7
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref7
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref7
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref8
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref8
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref8
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref8
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref8
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref8
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref9
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref9
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref9
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref9
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref10
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref10
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref10
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref10
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref10
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref10
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref11
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref11
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref11
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref11
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref12
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref12
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref12
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref12
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref12
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref12
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref13
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref13
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref13
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref13
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref13
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref14
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref14
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref14
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref14
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref15
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref15
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref15
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref15
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref16
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref16
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref16
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref16
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref17
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref17
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref18
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref18
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref18
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref18
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref18
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref18
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref19
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref19
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref19
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref19
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref20
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref20
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref20
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref20
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref21
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref21
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref21
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref21
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref21
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref22
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref22
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref22
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref22
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref23
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref23
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref23
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref23
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref23
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref24
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref24
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref24
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref25
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref25
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref25
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref25
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref26
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref26
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref26
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref26
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref26
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref27
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref27
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref27
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref27
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref27
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref27
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref28
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref28
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref28
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref28
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref28
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref28
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref29
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref29
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref29
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref29
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref30
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref30
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref30
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref30
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref30vf
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref30vf
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref30vf
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref30vf
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref30vf
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref31
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref31
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref31
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref31
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref31
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref32
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref32
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref32
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref32
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref32
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref32
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref33
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref33
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref33
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref33
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref33
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref34
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref34
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref34
http://refhub.elsevier.com/S0735-1097(22)07303-X/sref34

	Rheumatic Heart Disease
	Conceptual Updates on Disease Biology
	Contemporary Understanding of RHD Epidemiology
	Measures of Disease Burden
	Global Trends

	Updates on Diagnosis, Prevention and Control, and Management
	Diagnosis
	Prevention and Control
	Latent (Subclinical) RHD
	Episodes of ARF

	Management of Clinical RHD
	Medical Management
	Catheter-Based Therapy
	Surgical Interventions

	Challenges and Barriers to RHD Prevention and Management in Affected Populations
	Public Health Approaches to RHD Prevention
	Acknowledgments
	Funding Support and Author Disclosures
	References


