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A B S T R A C T

Despite recent public policy initiatives, rheumatic heart disease (RHD) remains a major source of morbidity
worldwide. Rheumatic heart disease occurs as a sequela of Streptococcus pyogenes (group A streptococcal [GAS])
infection in patients with genetic susceptibility. Strategies for prevention of RHD or progression of RHD include
prevention of GAS infection with community initiatives, effective treatment of GAS infection, and secondary
prophylaxis with intramuscular penicillin. The cardiac surgical community has attempted to improve the avail-
ability of surgery in RHD-endemic areas with some success, and operative techniques and outcomes of valve
repair continue to improve, potentially offering patients a safer, more durable operation. Innovation offers hope
for a more scalable solution with improved biomaterials and transcatheter delivery technology; however, cost
remains a barrier.
A B B R E V I A T I O N S ARF, acute rheumatic fever; BMV, balloon mitral valvuloplasty; BPG, benzathine penicillin G; CHF, congestive
heart failure; CMC, closed mitral commissurotomy; GAS, group A streptococcus; LMIC, lower- and middle-income
countries; RHD, rheumatic heart disease.

Introduction attention has rightfully been paid to screening primary and sec-
Rheumatic heart disease (RHD) remains an underrecognized
health issue globally, despite initiatives introduced over the last
several decades that have helped decrease the global number of
cases during this time. This is in part due to the highly effective
public health policies put forth in industrialized nations in the last
half-century to prevent, recognize, and treat group A streptococcal
(GAS) infections. However, worldwide RHD cases number over 15
million and contribute to over two hundred thousand deaths per
year.1 Progress has been made over the last 2 decades as several
nations in the developing world with high disease prevalence have
prioritized its treatment and global health organizations have pur-
sued the elimination of RHD with renewed vigor. While significant
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ondary prevention of RHD, there has been less focus on broadening
access to cardiac care and surgical care for those patients already
with established RHD. In this review, we describe pathophysiology,
primary and secondary prophylaxis, and variety of therapies avail-
able for RHD in developing countries.

Epidemiology

Endemic patterns of RHD are seen in lower- and middle-income
countries (LMIC), especially in Southeast Asia, sub-Saharan Africa, and
Oceania.1 China, India, Pakistan, and Indonesia were the countries with
the highest number of RHD cases in 2015; however, age-adjusted prev-
alence and death rates are highest in Oceania, sub-Saharan Africa, and
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South Asia. Notably, the worldwide prevalence of heart failure due to
RHD increased from 1990 to 2015 (Figure 1).1

Pathophysiology

RHD occurs as an autoimmune sequela of acute rheumatic fever
(ARF), which usually occurs after GAS pharyngitis, although there is
more recent data suggesting that GAS skin and soft tissue infection
may play a larger role in the developing world than in industrialized
countries.2 The pathophysiology of ARF is not completely understood
but is thought to involve cross-reactivity between GAS and host
proteins in a genetically susceptible host.2 Rheumatic fever is diag-
nosed based on the Jones criteria, which include a combination of
major and minor clinical symptoms of ARF with or without evidence
of a prior GAS infection. The most common presenting symptoms are
arthritis and fever; chorea may be considered pathognomonic for ARF
but occurs less frequently. Importantly, these criteria have more
recently been revised to include population risk in order to increase
the detection of ARF in endemic areas. Importantly, there is some
suggestion that the presentation of ARF may differ between the
developing world and industrialized countries; reasons for this are
unclear but may be due to decreased suspicion in industrialized na-
tions, leading to delayed diagnosis.3

While ARF symptoms resolve, damage done to valves remains and
progresses with subsequent GAS infections, leading to progressive
valvular fibrosis seen in RHD. The mitral valve is most frequently
involved and can be affected by both mitral stenosis and regurgitation.
50% to 80% of patients with carditis during an initial ARF episode will
progress to chronic RHD.

ARF primarily affects school-aged children, likely related to GAS
transmission among students. The low incidence of ARF relative to that of
GAS infection is not fully explained.4 Some studies point to the possibility
of genetic disposition, implicating immune-related genes such as human
leukocyte antigen, toll-like receptor, and cytokines.5 The pathophysi-
ology of RHD development is shown in Figure 2.
Figure 1. Global Impact of RHD. Countries with endemic patterns of RHD are comm
cases are rising in some middle- and upper-income countries, likely as a result of re
Abbreviation: RHD, rheumatic heart disease.
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Economic Impact

The effects of RHD are disproportionately felt by school-aged chil-
dren and young adults in their most economically productive years. The
cost of premature deaths due to RHD is estimated to be on the order of
trillions of US dollars annually.6 Effects on children and adolescents
include increased school absence and rates of dropout, which have a
downstream impact on the ability of children to eventually support their
own families independently. At the same time, young adults sick with
RHD will have decreased capacity to work, impairing their ability to
provide for themselves and their families. The impact of disability
caused by RHD accounts for nearly 0.5% of worldwide disability
adjusted life years.1 Additionally, RHD affects many women of child-
bearing age and has implications for maternal health in LMICs. Severe
and symptomatic mitral stenosis are independent predictors of adverse
fetal and maternal outcomes.7 Together, these effects on those who are
typically society’s most productive workers have a profound socioeco-
nomic impact.

Prevention/Primary Prophylaxis

Success in essentially eradicating RHD from the industrialized world
was a result of a multipronged effort to improve public health infra-
structure and access to primary care. Often overlooked in the prevention
of RHD is so-called “primordial prophylaxis”. Such social determinants of
health are poverty-related and include overcrowding and poor nutrition.
Household crowding, defined as in-home population of greater than 2
persons per habitable room8 has been shown to increase transmission of
GAS infection.9 Additionally, poor nutrition has been associated with
increased susceptibility to ARF.10 These socioeconomic factors represent
potential targets for intervention for both governments and nongovern-
mental organizations.

The core of primary prevention for RHD is the effective diagnosis
and treatment of GAS infection with antimicrobial agents. Consider-
ations here include symptom recognition, health care literacy, and
only seen to have increasing number of cases over the previous decade; however,
cent immigration patterns.



Figure 2. Pathophysiology of RHD. RHD occurs as a sequela of GAS infection, especially pharyngitis. Social determinants of health and genetic predisposition play a
role in repeated infection as well as in the progression to RHD. Cross-reactive antibodies and immune cells form in response to GAS infection and attack endothelial
cells throughout the body; however, damage to the endothelial surface of the valves is not repaired effectively.
Abbreviations: GAS, group A streptococcal; RHD, rheumatic heart disease.
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willingness to present for primary care. Upon presentation, the avail-
ability of accurate and expedient diagnostic testing and accessibility to
treatment are critical factors that affect disease progression and long-
term sequelae. As part of a comprehensive RHD program, the World
Health Organzation recommends a community-based approach
focusing on awareness of GAS and its link with RHD, and such programs
have shown good results.11

Microbiologic testing is the gold standard for the diagnosis of GAS
infection; however, access in the developing world is limited, and this
may not be cost-effective.12 Rapid tests may be deployed in these areas
with high sensitivity and specificity.13 Clinical decision-making algo-
rithms also play a role in the developing world due to supply chain dif-
ficulties in obtaining rapid tests. Clinical decision rules have been shown
in Egypt to be highly sensitive while also limiting unnecessary antibiotic
use.14 Algorithms may be applied to other communities; however, likely
require validation studies and modifications prior to use.

GAS infections are exquisitely sensitive to penicillin, and a single
shot of benzathine penicillin G (BPG) administered intramuscularly
effectively treats both pharyngitis and impetigo. Early treatment of
GAS infections mitigates the molecular mimicry that causes ARF and
has been shown to prevent up to 70% of ARF cases.15 BPG is listed as
a World Health Organization Essential Medication for Children.16

Despite this, reports from providers in the developing world suggest
widespread BPG shortages, with some reporting no access to BPG at
all.17 This is clearly problematic for strategies of both primary and
secondary prophylaxis. Problems with supply aside, BPG, when
available, is affordable; it is sold at a median price of $0.31 per
dose.17 Despite the low price, questions remain concerning the cost-
effectiveness of primary prevention as a RHD strategy at the popu-
lation level. Data from the early 2000s reports the average per-person
cost of microbiologic GAS infection confirmation followed by BPG
administration to be $50, while the number needed to treat was 50 in
order to prevent one case of ARF.15,17–19
3

Lastly, GAS vaccine development represents a major opportunity to
reduce ARF and RHD in the developing world. Vaccination for GAS has
been difficult for several reasons: complex epidemiology, lack of surrogate
markers for protection in humans, genetic diversity of the most common
vaccine target, and perceived safety concerns that a vaccine could pre-
cipitate ARF. Momentum toward vaccination slowed as ARF and RHD
cases plummeted in the industrialized world and investment decreased.
However, with new data showing that indigenous populations in Australia
and New Zealand deal with high rates of ARF, there is renewed interest.
Several vaccines are currently in the early stages of development.20,21

Screening

Despite the proven link between ARF and RHD, it is common in the
developing world for RHD to present without an antecedent history of
ARF.22 Latency between ARF and the development of RHD may
contribute to this. The highest incidence of ARF is in children, while RHD
presents most commonly in the third and fourth decades of life.23 This
period represents an opportunity for surveillance and identification of
early RHD as well as initiation of secondary prophylactic treatment.
Screening for RHD has been recommended since at least the 1960s.24

Broadly speaking, there are 2 types of screening for RHD used in the
developing world: auscultation and echocardiography. While it has
largely fallen out of favor in the last several decades, auscultation does
offer the advantage of being readily available and translatable in remote
rural communities. Compared with echocardiography, however,
auscultation is significantly less sensitive and specific for the detection of
RHD. One systematic review found that echocardiography detects
greater than 4 times the number of cases as auscultation.25 In fact, the
increase in utilization of echocardiography for the detection of RHD was
an important part of the renewed interest in treating RHD as a global
scourge. It also led to the creation of a unified set of echocardiographic
criteria to diagnose RHD.26 Three categories of RHD were created based
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on the morphological features of the aortic and mitral valves: definite
RHD, borderline RHD, and normal. Echocardiography enabled the
detection of previously undetected cases of borderline RHD. The natural
history of this category is less clear but has implications with regards to
potential therapies; studies in India, Africa, and the Pacific provide evi-
dence that children diagnosed with borderline RHD27–31 have minimal
disease progression at medium-term follow-up, while other studies from
rural Australia and Nepal showed the opposite.32,33 Another large pro-
spective screening program of pregnant women in India identified mul-
tiple at-risk women with RHD and other structural heart abnormalities
and allowed for medical and procedural care of the women and fetuses in
the high-risk peripartum period. As a result, controversy exists as to
whether or not to initiate secondary prophylaxis in this group. Answering
this key question will be central to the continued development of RHD
screening programs.34

Other problems exist with the implementation of echocardiographic
screening programs. Echocardiographic screening requires equipment,
a reliable source of electricity, as well as expertise to perform and
interpret the exam. RHD-endemic areas tend to be resource-poor and
lack access to skilled health care workers. In response, initiatives to
train nonexpert health care workers have been implemented and have
shown promise.35 Nurses attending an 8-week training course
providing echocardiographic screening were 85% specific and 84%
sensitive relative to examination by a pediatric cardiologist. Concerns
about the cost of echocardiography equipment have been addressed
with the use of less expensive handheld echocardiography, which has
been shown to be an effective screening tool in RHD-endemic
regions.36–38

Secondary Prophylaxis

Secondary prophylaxis refers to the strategy of preventing recurrent
GAS infections and ARF episodes in order to limit the progression of
valvular disease. After an initial bout of ARF, recurrence rates may be as
high as 50%,39 with each attack causing further valvular damage and
the progression of RHD. A systematic review summarized the effects of
secondary prophylaxis in preventing further ARF episodes, showing a
relative risk reduction of 55% with penicillin compared to observa-
tion.40 Prevention of recurrent ARF has been associated with less
valvular damage and mortality.41,42 BPG is the first-line antibiotic for
secondary prophylaxis; the recommended regimen is 1.2 million units
every 4 weeks for a minimum of 10 years and sometimes longer.43 With
adherence to this regimen, ARF recurrence is acceptably low.44,45

However, data indicates that patient adherence, especially in low so-
cioeconomic countries and populations, is low.46 The factors that affect
adherence to secondary prophylactic regimens are similar to those for
primary prophylaxis. Potential areas for improvement include
longer-lasting depot injections to allow for less frequent dosing and
mitigating the impact of low provider access, especially in remote
communities. Administration of BPG with lidocaine can improve
postinjection pain. The formulation of BPG that is premixed without the
requirement for refrigeration may also aid with distribution.47 How-
ever, there is benefit to secondary prophylaxis even without full
adherence. Current guidelines target at least 80% regimen adherence,
but data indicates that benefits start as low as 40% and increase with
each 10% increase.48

There is also evidence that suggests that secondary prophylaxis can be
associated with regression of RHD based on echocardiographic criteria.
Several studies have reported this; however, low patient numbers pre-
clude further analysis. This is an important question to address to justify
more resources for secondary prophylaxis programs.

Some controversy exists regarding the duration of secondary pro-
phylaxis, as rates of GAS infection decrease substantially as patients
enter adulthood.49,50 Data comparing the effectiveness of different
durations of secondary prophylaxis are lacking. As a result, most na-
tions rely on guidance from expert opinion. Generally speaking, the
4

duration of secondary prophylaxis depends on the age of the most
recent ARF episode and the presence of rheumatic valvular heart dis-
ease as seen on echocardiography. For example, Australian guidelines
dictate that patients without evidence of carditis be treated until they
are 18 years old or for 5 years after the most recent ARF episode, while
those patients with severe RHD warrant prophylaxis up to the age of
40.51 Importantly, variations in national policies must also reflect the
availability of resources. This includes not only the availability of BPG
but also the ability of a national health care system to provide
comprehensive surgical and medical treatment to those patients who
develop severe RHD. In many developing nations, it is likely more
cost-effective to divert resources to improve an existing secondary
prophylaxis program as opposed to trying to improve access to cardiac
surgical care, at least in the short term. More data to address this
important question is a research priority.

Availability of Cardiac Surgery

In recognition of the global problem RHD presents, cardiac surgeons
and cardiologists issued the Drakensburg declaration 15 years ago in a
call to action for the development of prevention and screening programs
with the lofty goal of eradicating RHD. Despite this, RHD continues to be
a major challenge. Access to open heart surgery, currently the only
definitive treatment for advanced RHD, is severely limited in the devel-
oping world. In 2018, there was a renewed push to increase access to
cardiac surgical care globally.1,27,52 There is an estimated need to
perform 300 cardiac surgical operations per 1 million people in
RHD-endemic regions of lower income countries. This is in stark contrast
to the number of available centers in sub-Saharan Africa, where 22
centers serve approximately 1 billion people.

Prior efforts to increase access have focused on mission trips from
high-income countries and training pathways to fund surgeons from
low-income countries to train in high-income countries. Neither is
ideal for a number of reasons. Mission trips cannot fully fill the need
gap as they do not provide incentives for local investment in infra-
structure or centers and fail to provide a sustainable solution. Addi-
tionally, they do not address issues with postoperative follow-up for
patients who undergo mitral valve repair or replacement. Funding
trainees from low-income regions solves some of these issues, but may
not provide adequate exposure to pathology and operations they will
perform in their home countries. Moreover, this option does not
provide training in the resource-limited environments that are most in
need. Historically, 1 unintended consequence of such advanced
training is the potential low return rate of specialists to their country
of origin.53

A more recent initiative has been to identify and invest in local cen-
ters that have demonstrated the capacity to provide quality care as well
as quality training.54 At the same time, longer-term embedding of
experienced surgeons at these centers and other more fledgling centers
have demonstrated a quickening of institutional learning curves. Aswan
Heart Center in Egypt is one such success story.55

The delivery of cardiac surgical care in developing nations poses
challenges beyond the availability of surgical personnel. Prior to estab-
lishing an open-heart surgery program, a full needs assessment is para-
mount to ensuring good patient outcomes. Hospital sites must be
evaluated for energy reliability, ventilators, echocardiography, radiog-
raphy, functional cardiopulmonary bypass machines, ability to check
activated clotting times, and well-stocked pharmacies and blood banks.
While some of these needs overlap significantly with other clinical areas,
there are multiple cardiac surgery-specific fixed and variable costs that
can be cost-prohibitive without significant investment by the govern-
ment or charity.56 Essential personnel include full-time nurses with
open-heart experience, anesthesiologists, perfusionists, and critical care
providers, if available. Procuring sufficient valves, conduits, and pace-
maker implants can pose a significant logistical challenge for new pro-
grams, but charity funds and donation programs are available through



Figure 3. Valvular Pathology in RHD. The mitral valve is most commonly affected in RHD. Mitral valve lesions generally begin as predominant regurgitant lesions;
however, as valve damage progresses, stenosis occurs. The aortic and tricuspid valves can also be affected by the RHD disease process; the tricuspid valve can also be
affected as a sequelae of mitral disease and pulmonary hypertension.
Abbreviation: RHD, rheumatic heart disease.
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most of the major device companies. The availability of such resources
can impact patient case selection.

There are similar infrastructural issues in terms of postoperative
follow-up as with screening and prophylaxis. Patients undergoing valve
repair or bioprosthetic replacement require monitoring for repair failure
and structural valve degeneration. Mechanical valve replacement is a
long-term solution but requires lifelong anticoagulation and periodic
blood work in order to mitigate the risk of severe bleeding or valve
thrombosis. The management of anticoagulation in this setting is espe-
cially problematic given the prevalence of young women affected in
childbearing years. In summary, efforts to improve global access to car-
diac surgical care must address a myriad of infrastructural needs.

Rheumatic Mitral Valve Interventions

Patients with RHD should be assessed for severity of symptoms with
intervention based on the affected valves and specific pathology, as
summarized in Figure 3. Mitral stenosis occurs in progressive RHD and is
common at the time of presentation or intervention. Once symptoms
develop, the valve should be assessed echocardiographically and a Wil-
kins score calculated. The Wilkins score is a semiquantitative rubric used
to assess the severity of valvular disease and is correlated with the
outcome after balloon mitral valvuloplasty (BMV). Components of the
Wilkins score are leaflet mobility, leaflet thickening, subvalvar thick-
ening, and calcification.57

Closed mitral commissurotomy (CMC) was the first operation
described to relieve mitral stenosis in RHD. This operation requires a
thoracotomy and is traditionally done without cardiopulmonary bypass.
The method offered a cheap and relatively safe solution to treating pa-
tients with RHD, in which the surgeon’s finger provides both tactile
assessment and guides the dilator. The main limitation of CMC was the
presence of calcified leaflets and/or diseased subvalvular apparatus.58 It
was largely replaced by open mitral commissurotomy after the devel-
opment of cardiopulmonary bypass due to direct visualization and the
5

ability of open commissurotomy to also address the abovementioned
limitations.58 Open surgery achieved a larger mitral valve area and a
greater increase in cardiac index compared to CMC.59 Furthermore, it
was reported that both the incidence of reoperation as well as
valve-related morbidity and mortality were significantly lower after open
commissurotomy. However, long-term survival was similar for both.60

BMV overtook surgical commissurotomy as the first-line therapy for
symptomatic mitral RHD with favorable anatomy given its
equivalent-or-better success and restenosis rates and lesser invasive-
ness.61,62 Nevertheless, CMC may still offer some utility in particularly
resource-scarce locations.58 The above is further supported by the more
recent study showing comparable long-term results of CMC compared
with BMV.63

BMV optimal short- and long-term outcomes are associated with a
Wilkins score of 8 or less.57,64 In the original analysis, all patients with a
Wilkins score greater than 11 had suboptimal outcomes, while scores
between 9 and 11 were not predictive of outcome. Patients with a score
of 9 to 11 without other risk variables such as age and New York Heart
Association class IV heart failure may be considered for BMV as there is
reasonable immediate success and 5-year event-free survival.57,64

Broadly speaking, there are 2 techniques of BMV: the double-balloon
technique and the Inoue balloon technique. The Inoue balloon tech-
nique is widely preferred today as it has demonstrated similar efficacy
with less risk of procedural complications.65

For those patients in whom BMV is contraindicated, including those
with a Wilkins score>11, grade 2 or more mitral regurgitation, extensive
commissural calcification, left atrial thrombus, or other significant
valvular disease, surgical intervention should be recommended.66 The
options for surgical intervention on the mitral valve include mitral valve
repair andmitral valve replacement. Experience with degenerativemitral
valve disease in industrialized countries has demonstrated the superior-
ity of valve repair; however, the complexity of valve pathology seen in
rheumatic mitral valve disease prevents extrapolation of this finding to
the RHD population.67 Given the aforementioned issues with follow-up
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after mitral valve replacement along with the younger population pre-
senting with RHD, there has been a recent effort to improve techniques
for rheumatic mitral valve repair.

Mitral valve repair for RHD is not straightforward due to the
involvement of both the leaflets and the subvalvular apparatus. The
principles of repair are based on individual leaflet morphology and
dysfunction. Commissures are split with a knife; fused primary chords
are separated and debulked without causing a flail. Anterior and pos-
terior leaflet shaving and/or elongation are also employed to increase
mobility and coaptation. If pathology affects the full thickness of the
leaflet, resection may be required, followed by augmentation with
glutaraldehyde-fixed autologous pericardium. Bulky calcification may
pose similar problems for leaflet thinning and necessitate resection.68

Gortex neochords can be employed if resection of abnormal chords has
led to unsupported leaflet edges. Due to complexity and need for sig-
nificant experience, mitral valve repair has not been widely adopted in
LMICs, and more research is needed on outcomes. A center in Thailand
has published reasonable results with a mean 42-month follow-up of
563 patients; however, longer-term follow-up is required in order to
make meaningful comparisons between valve repair and valve
replacement.69

Mitral valve replacement can be performed with either bioprosthetic
valves or mechanical valves. Commercially available bioprosthetic valves
are constructed from glutaraldehyde-fixed porcine aortic valve leaflets or
bovine pericardium. These valves have limited durability, especially in
younger patients typical of RHD, but avoid the complications of requisite
lifetime anticoagulation for mechanical prostheses. In Rwanda, where a
surgical outcomes registry has been created, early structural valve
degeneration is documented at 11%,70 making mechanical valves
Figure 4. Operative Interventions for RHD. Mitral valve replacement with a mec
lifelong anticoagulation, which may affect the labor force and women of childbearin
short- and midterm outcomes. Future innovation will likely focus on biomaterials and
without the requirement for anticoagulation.
Abbreviations: MVR, mitral valve disease; RHD, rheumatic heart disease.

6

preferable. However, in patients for whom anticoagulation with warfarin
is contraindicated, such as women who plan to become pregnant, bio-
prosthetic valve replacement is acceptable. Patients should be counseled
that they will likely require further intervention in this case, and redo
mitral valve replacement is associated with relatively high mortality.71

While mechanical valve replacement does offer benefits in terms of
longevity, it is important to note that anticoagulation management is
challenging in LMICs, leading to higher rates of valve thrombosis,
thromboembolism, and bleeding complications than in industrialized
nations.72 Surgical options for rheumatic mitral valve disease are sum-
marized in Figure 4.

While the mitral valve is most affected in RHD, lesions on the aortic
valve (2% isolated) and less commonly the tricuspid valve do occur.
Lesion severity impacts the efficacy of BMV in improving patient symp-
toms. Concomitant lesions should therefore be addressed surgically.
Tricuspid valve disease occurs most frequently secondary to severe left-
sided heart disease. Tricuspid regurgitation in this setting should be
addressed at the time of mitral valve surgery if is it severe or if there is
significant annular dilatation even in the setting of mild or moderate
tricuspid regurgitation. The most common intervention is annuloplasty
reinforced with a band or ring. With primary tricuspid valve disease,
other techniques such as leaflet augmentation or valve replacement with
a biologic prosthetic should be employed.

In aortic valve disease, the most common intervention is valve
replacement with a mechanical or biologic prosthesis. The benefits and
pitfalls of each type are similar, as in mitral valve replacement. Aortic
valve repair is challenging as there is often significant tissue loss and
calcification by the time there is severe valvular dysfunction. There may
be a role for valve repair of mild to moderate stenotic or regurgitant
hanical prosthesis is the most durable operation for RHD; however, it requires
g age. Mitral repair for RHD has expanded in recent years and has shown good
transcatheter technologies that can safely improve symptoms in young patients
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lesions at the time of mitral valve repair.73 In these mildly or moder-
ately affected valves, enough tissue remains to support a repair. Repair
is an especially good option for children, where the benefit of avoiding
a prosthesis is multiplied. Techniques are similar to those in mitral
valve repair, involving peeling of the leaflets in order to improve height
and sharp dissection for commissurotomy or decalcification. As in
mitral valve repair, longitudinal study is required in order to better
determine the best candidates for aortic valve repair and its long-term
efficacy.

There are other options for young patients with rheumatic aortic
valve disease. Recently, the Ross procedure has regained popularity to
treat aortic valve disease in appropriately selected patients in North
America and Europe. There is limited data available on the application of
this operation in rheumatic disease, but there may be a role for its use in
young adults.74 However, it does seem that the pulmonary autograft is
subject to recurrent valvulitis which may ultimately limit its durability
relative to what is seen in industrialized nations. The Ozaki procedure is
another option available in young patients with aortic valve disease, and
has been used to treat rheumatic disease.75 Both the Ross and Ozaki
operations are technically demanding and should be applied only at
specialized centers with highly trained surgeons.

Management of Atrial Fibrillation

Atrial fibrillation is common in patients with rheumatic mitral valve
disease and may be a source of major morbidity in this population due to
its association with stroke. Stroke risk may be mitigated with anti-
coagulation; however, anticoagulation use in LMICs is overall lower than
expected. Systemic issues exist with anticoagulation control; a systematic
review of anticoagulation control and outcomes in African nations shows
suboptimal time in the therapeutic window and a high risk of thrombo-
embolic or bleeding complications. There are not clear data demon-
strating the prevalence of atrial fibrillation and LMICs; however,
evidence suggests there is under-reporting, especially throughout sub-
Saharan Africa.76 Multiple studies have described the feasibility and ef-
ficacy of the Cox Maze procedure at the time of mitral valve intervention.
This procedure is safe; however, may be less effective in patients with
rheumatic disease due to the chronicity of arrhythmias and atrial size.
Other complicating factors are the technical difficulty of the cut-and-sew
maze and the availability of contemporary energy sources used for
ablation. Even so, closure or ligation of the left atrial appendage has
proven to significantly reduce the stroke risk associated with atrial
fibrillation.77 Contemporary epicardial or endocardial devices available
in North America and Europe may be difficult or costly to distribute to
areas of need; however, surgical oversewing is a simple and scalable
technique that can be done easily at the time of a mitral valve operation.
Arrhythmia associated with valvular disease in LMICs is a field that re-
quires significantly more study and may represent an area in which
cardiologists and cardiac surgeons can collaborate to significantly reduce
morbidity.

Advanced Presentation

Despite improvements in screening and treatment, many RHD pa-
tients in LMICs will develop congestive heart failure (CHF) as a result of
their advanced valvular disease. While these patients may benefit from
intervention, advanced disease makes the likelihood of successful
percutaneous intervention less likely and increases the operative risk for
surgical intervention, which is also more likely to be a valve replacement
as opposed to a repair.

The standard medications used to treat heart failure in developed
countries may be employed in LMICs, namely beta blockade, angiotensin
blockade, and diuretics. These medications may improve symptoms, but
will not change the natural history of advanced rheumatic disease. A
cross-sectional study evaluating heart failure across a spectrum of LMIC
regions found relatively low utilization of proven heart failure
7

medications.78 These medications may be available in LMICs, especially
in urban areas; however, lack of health insurance and health literacy may
result in patients not seeking necessary treatment. As a result, the out-
comes of patients with CHF in LMIC lag behind those of their developed
counterparts. Additionally, the LMIC CHF population is significantly
younger than that of developed countries, resulting in a major social and
economic impact.

Transcatheter Valve Replacement

Over the last decade in industrialized nations, transcatheter aortic
valve replacement has revolutionized the delivery of care for valvular heart
disease. Although these technologies are promising for the treatment of
RHD, their cost is currently prohibitive for low- and middle-income
countries. Additionally, commercially available transcatheter valves in
the United States and Europe are constructed of the same materials as
surgically implanted valve replacements, making them susceptible to
structural valve degeneration. The durability of these valves is of real
concern, especially in the young patients often presenting for surgery for
RHD. Several institutions and companies are evaluating biopolymeric
compounds for the construction of leaflets in transcatheter implantation.
Some show promise in terms of long-term durability and thrombogenic
potential compared to current technology.79 Other issues for the applica-
tion of transcatheter aortic valve replacement to rheumatic disease include
variable amounts of calcification in rheumatic valves that make current
devices difficult to deploy accurately. There is improving technology on
this front as well, with the development of homing devices.

Current designs are limited to use in the aortic valve position, which
somewhat limits its potential in RHD. These valves could be used for
valve-in-valve procedures in failing mitral bioprostheses; however, this
requires careful preoperative patient selection, intraoperative imaging
capacity, and operator technical expertise.

Although these technologies remain in the preclinical phase, they are
promising for specific populations where delaying an open operation
would be advantageous or where an open operation is contraindicated. If
the aforementioned barriers are overcome, it is likely that transcatheter
operations will significantly change how RHD is treated in LMICs.

ORCIDs

Amisha Patel https://orcid.org/0000-0002-3289-5705

Funding

The authors have no funding to report.
Disclosure Statement

The authors report no conflict of interest.
References

1 Watkins DA, Johnson CO, Colquhoun SM, et al. Global, regional, and national burden
of rheumatic heart disease, 1990-2015. N Engl J Med. 2017;377(8):713-722.

2 Sika-Paotonu D, Beaton A, Raghu A, Steer A, Carapetis J. Acute rheumatic fever and
rheumatic heart disease. In: Ferretti JJ, Stevens DL, Fischetti VA, eds. Streptococcus
pyogenes : Basic Biology to Clinical Manifestations. Oklahoma City, OK: University of
Oklahoma Health Sciences Center; 2016.

https://orcid.org/0000-0002-3289-5705
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref1
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref1
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref2
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref2
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref2
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref2


M.T. Simpson et al. Structural Heart 7 (2023) 100219
3 de Loizaga SR, Arthur L, Arya B, et al. Rheumatic heart disease in the United States:
forgotten but not gone: results of a 10 Year multicenter review. J Am Heart Assoc.
2021;10(16), e020992.

4 Watkins DA, Beaton AZ, Carapetis JR, et al. Rheumatic heart disease worldwide:
JACC scientific expert Panel. J Am Coll Cardiol. 2018;72(12):1397-1416.

5 Guilherme L, Kalil J. Rheumatic heart disease: molecules involved in valve tissue
inflammation leading to the autoimmune process and Anti-S. Pyogenes vaccine. Front
Immunol. 2013;4:352.

6 Opara CC, Aghassibake N, Watkins DA. Economic consequences of rheumatic heart
disease: a scoping review. Int J Cardiol. 2021;323:235-241.

7 French KA, Poppas A. Rheumatic heart disease in pregnancy: global challenges and
clear opportunities. Circulation. 2018;137(8):817-819.

8 Zhang N. Urban–rural disparities in cardiovascular disease risks among middle-
aged and older Chinese: two decades of urbanisation. Ageing Soc. 2020;40(7):
1405-1427.

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

10 Steer AC, Carapetis JR, Nolan TM, Shann F. Systematic review of rheumatic heart
disease prevalence in children in developing countries: the role of environmental
factors. J Paediatr Child Health. 2002;38(3):229-234.

11 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.

12 Irlam J, Mayosi BM, Engel M, Gaziano TA. Primary prevention of acute rheumatic
fever and rheumatic heart disease with penicillin in South African children with
pharyngitis: a cost-effectiveness analysis. Circ Cardiovasc Qual Outcomes. 2013;6(3):
343-351.

13 Rimoin AW, Walker CL, Hamza HS, et al. The utility of rapid antigen detection testing
for the diagnosis of streptococcal pharyngitis in low-resource settings. Int J Infect Dis.
2010;14(12):e1048-e1053.

14 Walker K, Lawrenson J, Wilmshurst JM. Sydenham's chorea–clinical and therapeutic
update 320 years down the line. S Afr Med J. 2006;96(9 Pt 2):906-912.

15 Robertson KA, Volmink JA, Mayosi BM. Antibiotics for the primary prevention of
acute rheumatic fever: a meta-analysis. BMC Cardiovasc Disord. 2005;5(1):11.

16 Gray A. WHO essential medicines list for children: impact on patient outcomes?
Paediatr Drugs. 2011;13(4):209-211.

17 Wyber R, Taubert K, Marko S, Kaplan EL. Benzathine penicillin G for the management
of RHD: concerns about quality and access, and opportunities for intervention and
improvement. Glob Heart. 2013;8(3):227-234.

18 Ehrlich JE, Demopoulos BP, Daniel Jr KR, Ricarte MC, Glied S. Cost-effectiveness of
treatment options for prevention of rheumatic heart disease from Group A
streptococcal pharyngitis in a pediatric population. Prev Med. 2002;35(3):250-257.

19 Tsevat J, Kotagal UR. Management of sore throats in children: a cost-effectiveness
analysis. Arch Pediatr Adolesc Med. 1999;153(7):681-688.

20 Yang L, Liang H, Wang B, Ma B, Wang J, Zhang W. Evaluation of the potency of two
Pyolysin-derived recombinant proteins as vaccine candidates of trueperella pyogenes
in a mouse model: Pyolysin oligomerization and structural change affect the efficacy
of Pyolysin-based vaccines. Vaccines (Basel). 2020;8(1):79.

21 Mills JS, Jayashi CMF, Reynolds S, et al. M-protein based vaccine induces
immunogenicity and protection from Streptococcus pyogenes when delivered on a
high-density microarray patch (HD-MAP). NPJ Vaccines. 2020;5(1):74.

22 Zhang W, Mondo C, Okello E, et al. Presenting features of newly diagnosed rheumatic
heart disease patients in Mulago Hospital: a pilot study. Cardiovasc J Afr. 2013;24(2):
28-33.

23 Zuhlke L, Watkins D, Engel ME. Incidence, prevalence and outcomes of rheumatic
heart disease in South Africa: a systematic review protocol. BMJ Open. 2014;4(6),
e004844.

24 World Health Organization. World Health Organization model list of essential
medicines: 21st list (2019). No. WHO/MHP/HPS/EML/2021.02. World Health
Organization; 2019.

25 Rothenbuhler M, O'Sullivan CJ, Stortecky S, et al. Active surveillance for rheumatic
heart disease in endemic regions: a systematic review and meta-analysis of prevalence
among children and adolescents. Lancet Glob Health. 2014;2(12):e717-e726.

26 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.

27 Beaton A, Okello E, Aliku T, et al. Latent rheumatic heart disease: outcomes 2 years
after echocardiographic detection. Pediatr Cardiol. 2014;35(7):1259-1267.

28 Bertaina G, Rouchon B, Huon B, et al. Outcomes of borderline rheumatic heart
disease: a prospective cohort study. Int J Cardiol. 2017;228:661-665.

29 Bhaya M, Beniwal R, Panwar S, Panwar RB. Two years of follow-up validates the
echocardiographic criteria for the diagnosis and screening of rheumatic heart disease
in asymptomatic populations. Echocardiography. 2011;28(9):929-933.

30 Kotit S, Said K, ElFaramawy A, Mahmoud H, Phillips DIW, Yacoub MH. Prevalence
and prognostic value of echocardiographic screening for rheumatic heart disease.
Open Heart. 2017;4(2), e000702.

31 Saxena A, Ramakrishnan S, Roy A, et al. Prevalence and outcome of subclinical
rheumatic heart disease in India: the RHEUMATIC (rheumatic heart echo utilisation and
monitoring actuarial trends in Indian children) study. Heart. 2011;97(24):2018-2022.

32 Karki P, Uranw S, Bastola S, et al. Effectiveness of systematic echocardiographic
screening for rheumatic heart disease in Nepalese schoolchildren: a cluster
randomized clinical trial. JAMA Cardiol. 2021;6(4):420-426.

33 Remond MG, Maguire GP. Echocardiographic screening for rheumatic heart disease-
some answers, but questions remain. Transl Pediatr. 2015;4(3):206-209.
8

34 Patel A, Ranard LS, Aranoff N, et al. Use of routine echocardiographic screening for
structural heart disease in at-risk pregnant women in India. JACC Cardiovasc Imaging.
2021;14(3):692-693.

35 Engelman D, Kado JH, Remenyi B, et al. Teaching focused echocardiography
for rheumatic heart disease screening. Ann Pediatr Cardiol. 2015;8(2):118-121.

36 Beaton A, Lu JC, Aliku T, et al. The utility of handheld echocardiography for early
rheumatic heart disease diagnosis: a field study. Eur Heart J Cardiovasc Imaging. 2015;
16(5):475-482.

37 Lu W, Zheng J, Pan X, Sun L. Diagnostic performance of echocardiography for the
detection of acute cardiac allograft rejection: a systematic review and meta-analysis.
PLoS One. 2015;10(3), e0121228.

38 Voleti S, Adelbai M, Hovis I, et al. Novel handheld ultrasound technology to enhance
non-expert screening for rheumatic heart disease in the Republic of Palau: a
descriptive study. J Paediatr Child Health. 2021;57(7):1089-1095.

39 Gerber MA, Baltimore RS, Eaton CB, et al. Prevention of rheumatic fever and
diagnosis and treatment of acute streptococcal pharyngitis: a scientific statement
from the American heart association rheumatic fever, endocarditis, and kawasaki
disease committee of the council on cardiovascular disease in the young, the
interdisciplinary council on functional genomics and translational biology, and
the interdisciplinary council on quality of care and outcomes research: endorsed
by the American Academy of Pediatrics. Circulation. 2009;119(11):1541-1551.

40 Manyemba J, Mayosi BM. Penicillin for secondary prevention of rheumatic fever.
Cochrane Database Syst Rev. 2002;3:CD002227.

41 Mota CC, Meira ZM, Graciano RN, Graciano FF, Araujo FD. Rheumatic Fever
prevention program: long-term evolution and outcomes. Front Pediatr. 2014;2:
141.

42 Okello E, Ndagire E, Muhamed B, et al. Incidence of acute rheumatic fever in northern
and western Uganda: a prospective, population-based study. Lancet Glob Health. 2021;
9(10):e1423-e1430.

43 Spinetto H, Lennon D, Horsburgh M. Rheumatic fever recurrence prevention: a nurse-
led programme of 28-day penicillin in an area of high endemnicity. J Paediatr Child
Health. 2011;47(4):228-234.

44 Pennock V, Bell A, Moxon TA, Reed P, Maxwell F, Lennon D. Retrospective
epidemiology of acute rheumatic fever: a 10-year review in the Waikato District
Health Board area of New Zealand. N Z Med J. 2014;127(1393):26-37.

45 Robin A, Mills C, Tuck R, Lennon D. The epidemiology of acute rheumatic fever in
Northland, 2002-2011. N Z Med J. 2013;126(1373):46-52.

46 Gasse B, Baroux N, Rouchon B, Meunier JM, Fremicourt ID, D'Ortenzio E.
Determinants of poor adherence to secondary antibiotic prophylaxis for rheumatic
fever recurrence on Lifou, New Caledonia: a retrospective cohort study. BMC Public
Health. 2013;13:131.

47 Wyber R, Boyd BJ, Colquhoun S, et al. Preliminary consultation on preferred product
characteristics of benzathine penicillin G for secondary prophylaxis of rheumatic
fever. Drug Deliv Transl Res. 2016;6(5):572-578.

48 de Dassel JL, de Klerk N, Carapetis JR, Ralph AP. How many doses make a difference?
An analysis of secondary prevention of rheumatic fever and rheumatic heart disease.
J Am Heart Assoc. 2018;7(24):e010223.

49 Gordis L, Lilienfeld A, Rodriguez R. Studies in the epidemiology and preventability of
rheumatic fever. II. Socio-economic factors and the incidence of acute attacks.
J Chronic Dis. 1969;21(9):655-666.

50 Griffiths SP, Gersony WM. Acute rheumatic fever in New York City (1969 to 1988): a
comparative study of two decades. J Pediatr. 1990;116(6):882-887.

51 Kumar RK, Antunes MJ, Beaton A, et al. Contemporary diagnosis and management of
rheumatic heart disease: implications for closing the gap: a scientific statement from
the American heart association. Circulation. 2020;142(20):e337-e357.

52 Zilla P, Bolman RM, Yacoub MH, et al. The cape town declaration on access to cardiac
surgery in the developing world. S Afr Med J. 2018;108(9):702-704.

53 Roa L, Jumbam DT, Makasa E, Meara JG. Global surgery and the sustainable
development goals. Br J Surg. 2019;106(2):e44-e52.

54 Enumah ZO, Bolman RM, Zilla P, et al. United in earnest: first pilot sites for increased
surgical capacity for rheumatic heart disease announced by Cardiac Surgery
Intersociety Alliance. J Thorac Cardiovasc Surg. 2021;161(6):2108-2113.

55 Kotit S, Phillips DIW, Afifi A, Yacoub M. The "Cairo Accord"- towards the eradication
of RHD: an update. Front Cardiovasc Med. 2021;8, 690227.

56 Falase BSM, Majekodunmi A, Ajose I, Idowu A, Oke D. The cost of open heart surgery
in Nigeria. Pan Afr Med J. 2013;14:61.

57 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.

58 Antunes MJ. Closed mitral commissurotomy-a cheap, reproducible and successful
way to treat mitral stenosis. J Thorac Dis. 2020;12(3):146-149.

59 Ben Farhat M, Boussadia H, Gandjbakhch I, et al. Closed versus open mitral
commissurotomy in pure noncalcific mitral stenosis: hemodynamic studies before and
after operation. J Thorac Cardiovasc Surg. 1990;99(4):639-644.

60 Detter C, Fischlein T, Feldmeier C, Nollert G, Reichenspurner H, Reichart B. Mitral
commissurotomy, a technique outdated? Long-term follow-up over a period of 35
years. Ann Thorac Surg. 1999;68(6):2112-2118.

61 Arora R, Nair M, Kalra GS, Nigam M, Khalilullah M. Immediate and long-term results
of balloon and surgical closed mitral valvotomy: a randomized comparative study. Am
Heart J. 1993;125(4):1091-1094.

62 Turi ZG, Reyes VP, Raju BS, et al. Percutaneous balloon versus surgical closed
commissurotomy for mitral stenosis. A prospective, randomized trial. Circulation.
1991;83(4):1179-1185.

63 Rifaie O, Abdel-Dayem MK, Ramzy A, et al. Percutaneous mitral valvotomy versus
closed surgical commissurotomy. Up to 15 years of follow-up of a prospective
randomized study. J Cardiol. 2009;53(1):28-34.

http://refhub.elsevier.com/S2474-8706(23)00105-7/sref3
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref3
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref3
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref4
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref4
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref5
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref5
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref5
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref6
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref6
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref7
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref7
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref8
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref8
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref8
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref8
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref9
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref9
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref9
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref9
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref10
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref10
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref10
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref11
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref11
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref11
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref12
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref12
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref12
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref12
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref13
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref13
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref13
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref14
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref14
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref15
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref15
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref16
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref16
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref17
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref17
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref17
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref18
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref18
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref18
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref19
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref19
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref20
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref20
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref20
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref20
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref21
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref21
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref21
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref22
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref22
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref22
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref23
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref23
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref23
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref24
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref24
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref24
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref25
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref25
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref25
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref26
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref26
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref26
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref27
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref27
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref28
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref28
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref29
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref29
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref29
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref30
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref30
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref30
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref31
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref31
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref31
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref32
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref32
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref32
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref33
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref33
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref34
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref34
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref34
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref35
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref35
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref36
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref36
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref36
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref37
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref37
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref37
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref38
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref38
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref38
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref39
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref39
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref39
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref39
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref39
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref39
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref39
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref40
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref40
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref41
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref41
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref41
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref42
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref42
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref42
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref43
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref43
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref43
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref44
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref44
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref44
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref45
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref45
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref46
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref46
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref46
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref46
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref47
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref47
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref47
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref48
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref48
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref48
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref49
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref49
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref49
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref50
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref50
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref51
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref51
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref51
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref52
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref52
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref53
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref53
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref54
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref54
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref54
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref55
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref55
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref56
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref56
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref57
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref57
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref57
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref58
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref58
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref59
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref59
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref59
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref60
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref60
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref60
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref61
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref61
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref61
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref62
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref62
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref62
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref63
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref63
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref63


M.T. Simpson et al. Structural Heart 7 (2023) 100219
64 Palacios IF, Block PC, Wilkins GT, Rediker DE, Daggett WM. Percutaneous mitral
balloon valvotomy during pregnancy in a patient with severe mitral stenosis. Cathet
Cardiovasc Diagn. 1988;15(2):109-111.

65 Rihal CS, Holmes Jr DR. Percutaneous balloon mitral valvuloplasty: issues involved in
comparing techniques. Cathet Cardiovasc Diagn. 1994;(Suppl 2):35-41.

66 Vahanian A. Balloon Valvuloplasty. Heart. 2001;85(2):223-228.
67 Lazam S, Vanoverschelde JL, Tribouilloy C, et al. Twenty-year outcome after mitral

repair versus replacement for severe degenerative mitral regurgitation: analysis of
a large, prospective, multicenter, international registry. Circulation. 2017;135(5):
410-422.

68 Chotivatanapong T. Rheumatic mitral valve repair: a physiologic and dynamic
approach. Indian J Thorac Cardiovasc Surg. 2020;36(Suppl 1):7-11.

69 Chotivatanapong T, Lerdsomboon P, Sungkahapong V. Rheumatic mitral valve repair:
experience of 221 cases from Central Chest Institute of Thailand. J Med Assoc Thai.
2012;95(Suppl 8):S51-S57.

70 Rusingiza EK, El-Khatib Z, Hedt-Gauthier B, et al. Outcomes for patients with
rheumatic heart disease after cardiac surgery followed at rural district hospitals in
Rwanda. Heart. 2018;104(20):1707-1713.

71 Sampath Kumar A, Dhareshwar J, Airan B, Bhan A, Sharma R, Venugopal P. Redo
mitral valve surgery - a long term experience. J Card Surg. 2004;19(4):303-307.
9

72 Tadesse TA, Tegegne GT, Yadeta D, Chelkaba L, Fenta TG. Anticoagulation control,
outcomes, and associated factors in long-term-care patients receiving warfarin in
Africa: a systematic review. Thromb J. 2022;20(1):58.

73 Afifi A, Hosny H, Yacoub M. Rheumatic aortic valve disease-when and who to repair?
Ann Cardiothorac Surg. 2019;8(3):383-389.

74 Sampath Kumar A, Talwar S, Saxena A, Singh R. Ross procedure in rheumatic aortic
valve disease. Eur J Cardiothorac Surg. 2006;29(2):156-161.

75 Asif A, Benedetto U, Ofoe V, Caputo M. Management of rheumatic aortic valve disease
using the Ozaki procedure with autologous pericardium: a case report. Eur Heart J
Case Rep. 2021;5(6):ytab170.

76 Jacobs MS, van Hulst M, Adeoye AM, Tieleman RG, Postma MJ, Owolabi MO. Atrial
fibrillation in Africa-an under-reported and unrecognized risk factor for stroke: a
systematic review. Glob Heart. 2019;14(3):269-279.

77 Whitlock RP, Belley-Cote EP. Concomitant surgical left atrial appendage occlusion: a
review. Curr Cardiol Rep. 2022;24:823-828.

78 Dokainish H, Teo K, Zhu J, et al. Heart failure in Africa, Asia, the Middle East and
South America: the INTER-CHF study. Int J Cardiol. 2016;204:133-141.

79 Scherman J, Ofoegbu C, Myburgh A, et al. Preclinical evaluation of a transcatheter
aortic valve replacement system for patients with rheumatic heart disease.
EuroIntervention. 2019;15(11):e975-e982.

http://refhub.elsevier.com/S2474-8706(23)00105-7/sref64
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref64
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref64
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref65
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref65
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref66
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref67
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref67
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref67
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref67
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref68
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref68
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref69
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref69
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref69
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref70
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref70
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref70
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref71
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref71
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref72
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref72
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref72
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref73
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref73
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref74
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref74
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref75
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref75
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref75
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref76
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref76
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref76
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref77
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref77
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref78
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref78
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref79
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref79
http://refhub.elsevier.com/S2474-8706(23)00105-7/sref79

	Rheumatic Heart Disease in the Developing World
	Introduction
	Epidemiology
	Pathophysiology
	Economic Impact
	Prevention/Primary Prophylaxis
	Screening
	Secondary Prophylaxis
	Availability of Cardiac Surgery
	Rheumatic Mitral Valve Interventions
	Management of Atrial Fibrillation
	Advanced Presentation
	Transcatheter Valve Replacement
	Disclosure Statement
	References
	Review Statement


