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Original research article

BACKGROUND: There are few contemporary data on the mortality and 
morbidity associated with rheumatic heart disease or information on their 
predictors. We report the 2-year follow-up of individuals with rheumatic 
heart disease from 14 low- and middle-income countries in Africa and Asia.

METHODS: Between January 2010 and November 2012, we enrolled 3343 
patients from 25 centers in 14 countries and followed them for 2 years 
to assess mortality, congestive heart failure, stroke or transient ischemic 
attack, recurrent acute rheumatic fever, and infective endocarditis.

RESULTS: Vital status at 24 months was known for 2960 (88.5%) patients. 
Two-thirds were female. Although patients were young (median age, 28 
years; interquartile range, 18–40), the 2-year case fatality rate was high (500 
deaths, 16.9%). Mortality rate was 116.3/1000 patient-years in the first 
year and 65.4/1000 patient-years in the second year. Median age at death 
was 28.7 years. Independent predictors of death were severe valve disease 
(hazard ratio [HR], 2.36; 95% confidence interval [CI], 1.80–3.11), congestive 
heart failure (HR, 2.16; 95% CI, 1.70–2.72), New York Heart Association 
functional class III/IV (HR, 1.67; 95% CI, 1.32–2.10), atrial fibrillation  (HR, 
1.40; 95% CI, 1.10–1.78), and older age (HR, 1.02; 95% CI, 1.01–1.02 
per year increase) at enrollment. Postprimary education (HR, 0.67; 95% CI, 
0.54–0.85) and female sex (HR, 0.65; 95% CI, 0.52–0.80) were associated 
with lower risk of death. Two hundred and four (6.9%) patients had new 
congestive heart failure (incidence, 38.42/1000 patient-years), 46 (1.6%) had 
a stroke or transient ischemic attack (8.45/1000 patient-years), 19 (0.6%) 
had recurrent acute rheumatic fever (3.49/1000 patient-years), and 20 (0.7%) 
had infective endocarditis (3.65/1000 patient-years). Previous stroke and 
older age were independent predictors of stroke/transient ischemic attack 
or systemic embolism. Patients from low- and lower-middle–income countries 
had significantly higher age- and sex-adjusted mortality than patients from 
upper-middle–income countries. Valve surgery was significantly more common 
in upper-middle–income than in lower-middle– or low-income countries.

CONCLUSIONS: Patients with clinical rheumatic heart disease have 
high mortality and morbidity despite being young; those from low- and 
lower-middle–income countries had a poorer prognosis associated 
with advanced disease and low education. Programs focused on early 
detection and the treatment of clinical rheumatic heart disease are 
required to improve outcomes.
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rheumatic heart disease (RHD) is a major public 
health problem in low- and middle-income countries 
(LMICs).1 According to the most recent estimates, 

there are nearly 33 million people with RHD globally, 
contributing to ≈275 000 deaths every year.2 However, 
there are sparse data on RHD demographics, morbid-
ity and mortality, and information on factors that affect 
outcomes from the countries most affected by the dis-
ease.3 In most high-income countries, RHD ceased to be 
a public health problem several decades ago. Prospec-
tive studies describing outcomes and progression of 
RHD from these countries are >50 years old. Therefore, 
the results from high-income countries may not be ap-
plicable to patients in LMICs.4,5 Most previous studies 
were performed before the availability of echocardiog-
raphy, penicillin prophylaxis, drugs for heart failure, or 
surgical and percutaneous valve interventions became 
part of standard care. Therefore, the findings of previous 
studies may not be applicable to contemporary patient 
populations. Furthermore, much of the currently avail-
able prospective data are from small pockets of highly 

susceptible indigenous groups in New Zealand and Aus-
tralia,6–8 among whom the incidence of acute rheumatic 
fever (ARF) and RHD-related morbidity and mortality are 
unusually high.7 Therefore, these data have limited gen-
eralizability.

Contemporary data on penicillin prophylaxis, antico-
agulants, recurrent ARF, morbidity and mortality, and 
their determinants among RHD patients are needed to 
inform patient management, develop healthcare policy, 
and guide resource allocation for control of RHD in 
LMICs. Suboptimal use of inexpensive interventions such 
as secondary penicillin prophylaxis and oral anticoagula-
tion is well recognized,9,10 and contemporary data are 
needed to document the impact of their underuse on 
important clinical outcomes. In addition, there is limited 
information on the determinants of disease progression 
and clinical outcomes in contemporary patients with 
RHD living in LMICs.7 The REMEDY study (Global Rheu-
matic Heart Disease Registry) was designed to help fill 
this knowledge gap.3 We have previously reported the 
baseline characteristics of the 3343 patients recruited 
from 14 LMICs in REMEDY.9 This report describes the 
major clinical outcomes at 2 years of follow-up among 
these patients.

MethODs
study Design and setting
The design of the REMEDY study has been published previ-
ously.3 In brief, REMEDY is a prospective, multicenter, inter-
national, hospital-based registry of patients with symptomatic 
RHD. We enrolled patients with a clinical and echocardiographic 
diagnosis of RHD, who were seen in outpatient clinics, emer-
gency departments, or inpatient facilities of 25 participating 
hospitals in 14 countries (12 African countries, Yemen, and 
India).11 We did not include asymptomatic patients in whom 
RHD was detected solely by clinical or echocardiographic 
screening. The study was approved by the institutional review 
board at each site, and the subjects gave informed consent.

Follow-Up and Outcomes
Clinical, demographic, and echocardiographic data were col-
lected at baseline, and patients were followed up annually for 2 
years. At each visit, patients were assessed for the occurrence 
of adverse outcomes, use of secondary antibiotic prophylaxis 
and oral anticoagulation medication, and need for valve inter-
vention or surgery. The principal outcomes of interest were 
death, congestive heart failure (CHF), stroke or transient isch-
emic attack (TIA), recurrence of acute rheumatic fever (ARF), 
and infective endocarditis (IE). Other outcomes that were moni-
tored included non–central nervous system systemic embo-
lism, major bleeding, atrial fibrillation or flutter (AF), prosthetic 
heart valve thrombosis, and use of percutaneous or surgical 
valve procedures.

CHF was diagnosed if any 2 of the following 3 criteria were 
present: (1) symptoms (dyspnea on exertion or at rest, orthop-
nea, nocturnal paroxysmal dyspnea, or ankle edema) or signs 
(rales, increased jugular venous pressure, or ankle edema) of 

clinical Perspective

What is new?
•	 To our knowledge, this is the first prospective multi-

center study of mortality and morbidity in rheumatic 
heart disease (RHD) patients from low- and middle-
income countries.

•	 Clinical RHD was associated with high mortality at a 
median age of 28.7 years. Complications such as 
congestive heart failure and stroke affect one-fifth 
of patients over 2 years.

•	 Mortality was higher in low-income and low-middle–
income in comparison with upper-middle–income 
countries. Apart from age and sex, the independent 
risk factors for mortality (ie, severe valve disease, 
congestive heart failure, dyspnea, atrial fibrillation, 
and low education) were modifiable.

What are the clinical implications?
•	 Clinical guidelines recommend the use of percutane-

ous or surgical valve interventions for RHD with con-
gestive heart failure; however, these interventions 
are not available to the majority of affected patients.

•	 Strategies to make proven percutaneous and surgi-
cal valve interventions more accessible are needed 
to improve the outcome of patients with RHD living 
in low- and middle-income countries.

•	 Patients with RHD seeking tertiary care present with 
advanced disease, and the markers of severity are 
the greatest determinants of poor outcome.

•	 Additional research to identify symptomatic patients 
with early RHD in the whole population (in addition to 
screening studies of asymptomatic schoolchildren) 
is required in this field.
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CHF; (2) radiological signs of pulmonary congestion; and (3) 
treatment with diuretics. Stroke was diagnosed on the basis of 
physician-confirmed sudden onset of neurological deficit con-
sistent with ischemia/infarction of a vascular territory, lasting 
≥24 hours, with or without neuroimaging evidence. A similar 
deficit lasting <24 hours was recorded as a TIA. A systemic 
embolic episode was diagnosed clinically in a patient with 
loss of arterial pulse and evidence of end-organ ischemia (eg, 
ischemic limb pain or gangrene). We used the World Health 
Organization criteria for diagnosing recurrence of ARF11 and 
the modified Duke criteria for diagnosing IE during follow-up.12 
We determined the severity of valve lesions based on American 
College of Cardiology/American Heart Association recommen-
dations.13 The definitions of all outcome measures have been 
reported previously.3

statistical analysis
Continuous variables were expressed as means with standard 
deviations or as medians with interquartile ranges as appropri-
ate, and categorical variables as frequencies and percentages. 
Comparisons between categorical variables were assessed for 
statistical significance using the χ2 test and the Fisher exact 
test where cells had a value of <5; the unpaired t test was 
used to determine group differences for continuous variables. 
Linear regression was used to explore relationships between 
variables. Test results were adjusted by age and by specifying 
study centers as clusters.9

We anticipated that mortality among patients with RHD 
would be ≈3.3% per year based on a community-based study 
in India.14 We expected that with 3000 patients followed up for 
2 years, we would be able to determine the rates of the princi-
pal outcomes of interest (ie, death, CHF, and stroke) individu-
ally, with 95% confidence and a precision of ±1%.

The incidence rates of the principal outcomes were calcu-
lated as number of events per 1000 patient-years of follow-up, 
and countries were stratified by the 2011 World Bank country 
income groups (low income, lower-middle income, and upper-
middle income groups).15 We used the Stata stptime command 
to calculate incidence rates, which allowed for variable follow-
up time for each patient and provided the 95% confidence 
intervals for the estimate. The Stata sts list command was 
used to determine the risks of the adverse events at interval 
time points. For mortality, CHF, stroke, and thromboembolism, 
we computed Kaplan-Meier survival probabilities and deter-
mined predictors of death, CHF, and a composite outcome of 
death or CHF by using a Cox multivariable regression model. 
Comparisons between unadjusted events and baseline vari-
ables were cross-tabulated and assessed for statistical signifi-
cance by using the χ2 test, unpaired t test, or univariate linear 
regression.

The variables included in the multivariable model were 
decided a priori based on prior information relating them to 
prognosis. They were: age, sex, the presence of AF, New York 
Heart Association functional class, CHF at enrollment, previous 
heart valve surgery or intervention, a history of stroke or IE, 
severe disease (severe valve disease of at least 1 affected 
valve), multivalve involvement, and use of secondary penicillin 
prophylaxis. We also determined the association of nonadher-
ence with secondary prophylaxis with the occurrence of epi-
sodes of ARF, CHF, and death.

Among patients with an accepted indication for oral anti-
coagulation, we determined the association of adherence to 
vitamin K antagonists (VKAs) with the occurrence of stroke/TIA 
or other systemic embolism, and death. We computed hazard 
ratios (HRs) and their 95% confidence intervals (CIs). A P value 
of ≤0.05 was considered statistically significant. All analyses 
were performed using Stata version 14 (StataCorp LP).

resUlts
Between January 2010 and November 2012, 3343 pa-
tients were enrolled at 25 participating sites. One-third 
of the patients were from low-income countries, 41% 
were from LMICs, and one-quarter were from upper-
middle–income countries. The baseline characteristics 
of enrolled patients are summarized in Table 1.9 In brief, 
patients were relatively young (median age, 28 years) 
and predominantly female (66.2%). Over one-quarter of 
patients were <18 years of age (921 patients, 27.9%). 
Mixed mitral and aortic valve disease was the most com-
mon pattern of valve involvement, with the exception of 
children <10 years of age, in whom isolated mitral re-
gurgitation was the predominant lesion. One-fifth of the 
patients were in AF. A substantial proportion had clinical 
signs of CHF (13.2%) or poor functional class (New York 
Heart Association class III/IV) at presentation (24.2%), 
particularly in low-income countires and LMICs. The use 
of secondary penicillin prophylaxis was suboptimal and 
oral anticoagulation was low.9

Vital status at 24 months was known for 2960 (88.5%) 
patients. At 2 years, 55% of patients completed a follow-
up visit, 20% were interviewed by telephone, and, in the 
remaining, follow-up information was obtained through 
relatives or the patient’s physician. Patients were fol-
lowed up for a median of 24 months (interquartile range, 
22.9–26.6).

Mortality
Five hundred patients (16.9%) died (Table 2, Figure 1). 
The median age at the time of death was 28.7 (inter-
quartile range, 17.4–46.6) years. The majority of deaths 
(n=323, 64.6%) occurred within 12 months of enroll-
ment. The mortality rate was 116.3/1000 patient-years 
in the first year and 65.4/1000 patient-years in the sec-
ond year. There were 7 risk factors at enrollment that 
were independently associated with mortality (Table 3). 
Severe valve disease (HR, 2.36; 95% CI, 1.80–3.11), 
CHF (HR, 2.16; 95% CI, 1.70–2.72), AF (HR, 1.40; 95% 
CI, 1.10–1.78), and poor New York Heart Association 
functional class (ie, III or IV) (HR, 1.67; 95% CI, 1.32–
2.10) were the strongest independent predictors of mor-
tality. There was also a significant increase in mortality 
with increasing age, with adults having a 50% higher risk 
of death than those <18 years of age (HR, 1.50; 95% CI, 
1.11–1.95). Education beyond primary school was as-
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sociated with a 33% lower risk of death (HR, 0.67; 95% 
CI, 0.54–0.85). Mortality was also lower among female 
patients (HR, 0.65; 95% CI, 0.52–0.80).

chF and Valve Procedures
One-third of the patients (1110, 33.4%) had a history of 
CHF at the time of enrollment. New CHF occurred in 204 
patients (6.9%) over the follow-up period (38.42/1000 
patient-years; Table 4). Most of the variables that were 
associated with death were also independently associat-
ed with the occurrence of CHF or the composite of death 
or CHF (online-only Data Supplement Table I). Secondary 

prophylaxis and education were significantly protective 
for the combined outcome of death or CHF.

Two hundred and twenty-three patients (6.7%) under-
went valve surgery and 57 (1.7%) underwent percutane-
ous intervention.

stroke and thromboembolism
Overall, 46 (1.7%) patients had a stroke or TIA (8.45/1000 
patient-years; Table 4) and 3 patients had a non–central 
nervous system systemic embolism. Patients who were 
in AF at enrollment were twice as likely to have a stroke 
as those who were in sinus rhythm (2.4% versus 1.2%, 

table 1. Baseline characteristics of the 3343 children and adults With rheumatic heart Disease, by country 
income group

 
low-income  

countries (n=1110)
lower-Middle-income 

countries (n=1370)
Upper-Middle-income 

countries (n=863) P Value

Age, median (IQR), y 24 (15–34) 28 (18–38) 39 (22–52) 0.51

Women, n (%)* 728 (65. 8) 867 (63.0) 616 (71.3) 0.33

Schooling below or at primary school, n (%)† 312 (44.7) 632 (62.3) 242 (35) 0.23

Atrial fibrillation, n (%)‡ 163 (18.2) 241 (22.6) 182 (27.5) <0.0001

Severe disease, n (%)§ 682 (61.4) 684 (49.9) 343 (39.8) <0.001

Multivalve disease, n (%) 719 (64.8) 825 (60.2) 470 (54.7) <0.001

Congestive heart failure at enrollment, n (%)‖ 173 (15.9) 165 (12.2) 102 (11.9) 0.010

New York Heart Association functional  
class III/IV, n (%)#

306 (27.6) 384 (29.1) 119 (13.9) 0.24

Prior infective endocarditis, n (%)** 25 (2.3) 59 (4.4) 49 (5.7) <0.001

Prior stroke or systemic embolism, n (%)†† 58 (5.2) 52 (3.8) 125 (14.5) <0.001

Secondary prophylaxis, n (%)‡‡ 716 (69.8) 794 (59.7) 251 (29.3) <0.001

IQR indicates interquartile range.
§Severe disease includes all patients with severe disease involving at least 1 valve.
Baseline data were available for *3340, †3317, ‡2624, ‖3320, #3287, **3320, ††3325, and ‡‡3213 participants.

table 2. clinical Outcomes at 2 Years of Follow-Up in 2960 children and adults With rheumatic heart Disease

 
low-income  

countries (n=964)
lower-Middle-income 

countries (n=1158)
Upper-Middle-income 

countries (n=838) P Value

Death, n (%) 200 (20.8) 195 (16.8) 105 (12.5) <0.001

Congestive heart failure, n (%) 87 (9.0) 66 (5.7) 51 (6.1) 0.006

Stroke or transient ischemic attack, n (%) 14 (1.5) 12 (1.0) 20 (2.4) 0.053

Recurrence of acute rheumatic fever, n (%) 4 (0.4) 11 (1.0) 4 (0.5) 0.244

Infective endocarditis, n (%) 1 (0.1) 13 (1.1) 6 (0.7) 0.18

Atrial fibrillation 28 (2.9) 14 (1.2) 14 (1.7) 0.013

Prosthetic valve thrombosis 0 (0) 2 (0.1) 7 (1.0) 0.003

Surgery 30 (3.1) 84 (7.3) 109 (13.0) <0.001

Death, congestive heart failure, or acute 
rheumatic fever, n (%)

251 (26.0) 228 (19.7) 143 (17.1) <0.001

Death, stroke, systemic embolism, or major 
bleeding, n (%)

209 (21.7) 203 (17.5) 129 (15.4) 0.002
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P=0.04). Stroke also occurred more commonly among 
patients with prosthetic heart valves than in those with 
native valves (2.6% versus 1.1%, P=0.01). However, af-
ter adjustment for other variables, previous stroke (HR, 
2.71; 95% CI, 1.18–6.39) and older age remained the 
only significant predictors of stroke, TIA, or systemic 

embolism. Prosthetic heart valve thrombosis occurred in 
9 of 547 patients (1.64%) with mechanical valves. There 
were 588 patients with prosthetic valves, 547 of whom 
had mechanical valves.

At baseline, there were 1362 (40.7%) patients with indi-
cations for oral anticoagulation.9 VKAs were prescribed in 

Figure 1. Kaplan-Meier estimates of time to death (in months) in the overall group.

table 3. Predictors of Mortality in 2960 children and adults With rheumatic heart Disease Followed 
Up Over 2 Years

Baseline Variable hazard ratio* 95% confidence interval P Value

Age† 1.02 1.01–1.02 <0.0001

Female sex 0.65 0.52–0.80 <0.0001

Education beyond primary school 0.67 0.54–0.85 0.001

Atrial fibrillation 1.40 1.10–1.78 0.008

Severe disease‡ 2.36 1.80–3.11 <0.01

Multivalve disease 0.97 0.75–1.25 0.852

Congestive heart failure at enrollment 2.16 1.70–2.72 <0.001

New York Heart Association functional class III/IV 1.67 1. 32–2.10 <0.001

Prior valve intervention or surgery 0.78 0. 57–1.07 0.14

Prior infective endocarditis 1.30 0.84–2.14 0.22

Prior stroke 1.19 0. 78–1.77 0.39

On secondary antibiotic prophylaxis at enrollment 0.86 0. 70–1.09 0.17

*Hazard ratios were calculated by using only the overall a priori model with only the following variables: age, sex, presence of atrial 
fibrillation, New York Heart Association functional class, congestive heart failure at enrollment, previous heart valve surgery or intervention, a 
history of stroke or infective endocarditis, severe disease (severe valve disease of at least 1 affected valve), multivalve involvement, and use 
of secondary penicillin prophylaxis.

†Hazard ratio was 1.16 (1.11–1.25) when age was categorized as <18 years, and 10-year increments thereafter.
‡Severe disease refers to patients with severe disease involving at least 1 valve.
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69.5% (946) of such patients. VKA use was high in patients 
with mechanical heart valves (91.6%) and AF (68.6%), but 
low in those with mitral stenosis in sinus rhythm (20.3%) 
with other markers of high embolic risk (such as dilated left 
atrium or left atrial thrombus). Among patients prescribed 
VKAs, just over a quarter (27.4%) had an international nor-
malized ratio (INR) in the therapeutic range.

Among patients with native valves and AF or those with 
mitral stenosis and concomitant high-risk features, the like-
lihood of having a stroke was lower among patients who 
had an INR in the therapeutic range (ie, 2–3) at baseline 
(1.4% versus 4.3%, P=0.031). For patients with mechani-
cal valves (n=547), the risk of stroke was not statistically 
different between those with an INR in the therapeutic 
range or otherwise (3.0 versus 3.6%, P=0.69). There 
were 23 major bleeding events (0.8%) in all. The incidence 
of bleeding did not differ significantly by INR at baseline.

arF, ie, and secondary Prophylaxis 
Nineteen patients (0.6%) had recurrent ARF, and 20 (0.7%) 
had IE (Table 4). At enrollment, just over half the patients 
(1761, 54.8%) were on secondary prophylaxis, and, of 
these, 78% were adherent to therapy (ie, had received 
≥80% of the prescribed number of doses in the preced-
ing 12 months).9 Patients who were prescribed secondary 
prophylaxis were less likely to have ARF, new onset of 
CHF, or die at 2 years (16.2% versus 20.7% P=0.001). 
However, this association did not remain statistically sig-
nificant after adjustment for other prognostic variables.

country income group
Patients from upper-middle–income countries were 
older, and more often had a history of complications 
attributable to valve disease (such as stroke or IE), or 
were in CHF at baseline (Table 1).9 A larger proportion 
of patients from upper-middle–income countries had 
valve surgery or intervention before entry into the study. 

Consequently, the risk of valve-related and anticoagula-
tion-related problems (such as stroke) were significantly 
higher among patients who had prior valve surgery or in-
tervention. However, they were significantly less likely to 
die at the end of 2 years than patients from low-income 
and LMIC countries (12.7% upper-middle–income coun-
tries, 14.2% LMIC, and 18.0% low-income countries, 
respectively; P=0.001) (Figure 2). The hazard for mor-
tality remained higher for low-income (HR, 1.95; 95% CI, 
1.51–2.50) and LMICs (HR, 1.51; 95% CI, 1.17–1.92), 
in comparison with upper-middle–income countries, af-
ter adjustment for patient age and sex. Adjustment for 
all other prognostic variables resulted in the attenua-
tion of risk for low-income countries (HR, 1.53; 95% CI, 
1.12–2.14), and LMICs (HR, 1.34; 95% CI, 1.02–1.87).

DiscUssiOn
In this contemporary registry, the rates of death, CHF, 
and stroke were high among patients with clinical RHD 

table 4. incidence of Morbid Outcomes in 2960 children and adults With rheumatic heart 
Disease Followed Up Over 2 Years

Outcome
number of events  

Over 27 mo Patient-Years
incidence rate 

per 1000
95% confidence 

interval

Congestive cardiac failure 204 5309.1 38.42 33.50–44.10

Stroke or transient ischemic attack 46 5440.8 8.45 6.33–11.29

Acute rheumatic fever 19 5444.9 3.49 2.23–5.47

Infective endocarditis 20 5473.8 3.65 2.36–5.66

Atrial fibrillation 56 5431.1 10.30 7.94–13.40

Major bleeding 23 5455.5 3.51 2.80–6.34

Prosthetic valve thrombosis 9 5478.9 1.64 0.85–3.16

Valvuloplasty 57 5403.8 8.83 8.14–13.67

Surgery 223 5187.7 42.99 37.70–49.01

Figure 2. risk of age- and sex-adjusted mortality by 
country income group.  
Mortality was higher in low-income countries (HR, 1.95; 95% 
CI, 1.51–2.50, P<0.001) and low- and middle-income coun-
tries (HR, 1.51; 95% CI, 1.17–1.92, P=0.001). CI indicates 
confidence interval; and HR, hazard ratio.

D
ow

nloaded from
 http://ahajournals.org by on July 22, 2020



Zühlke et al

November 8, 2016 Circulation. 2016;134:1456–1466. DOI: 10.1161/CIRCULATIONAHA.116.0247691462

living in LMICs despite their relatively young age (mean, 
28 years). Nearly one-fifth of patients developed one 
of these complications over 2 years. This was largely 
attributable to advanced disease at the time of presen-
tation. Mortality was significantly higher among patients 
living in low-income countries and among the less edu-
cated. The use of secondary antibiotic prophylaxis was 
suboptimal. Oral anticoagulation was underused, and 
the quality of oral anticoagulation was poor, contribut-
ing to an increased risk of stroke. These indicate that 
patients with RHD are managed suboptimally despite 
the availability of simple and effective preventive and 
management strategies.

There are few contemporary prospective studies 
reporting on mortality among patients with echocardio-
graphically confirmed RHD. In a small community-based 
cohort of 257 patients with RHD who were followed up 
for 12 years, Kumar and colleagues14 reported a death 
rate of 32.5/1000 patient-years. In a report from a reg-
ister from the Northern Territory of Australia, Lawrence 
and colleagues showed a survival of 96.1% at 5 years, 
and 88.4% at 10 years.7 The mortality rates reported in 
these studies are those of unselected patients with ARF 
and RHD recruited from the community, and it is not sur-
prising that the rates are substantially lower than those 
from our estimates. Moreover, nearly all patients were 
on secondary prophylaxis and had access to high-quality 
care through outreach services by expert clinicians.7 By 
contrast, Gunther and colleagues16 reported a very high 
mortality rate of 125.3/1000 person-years in a small 
cohort of 47 patients in a community from Ethiopia, but 
there was an excessively high loss to follow-up rate of 
44%.

Several of the factors that we found to be strongly 
associated with mortality and other major adverse out-
comes are potentially amenable to intervention. The ma-
jority of our patients had moderate to severe disease 
and nearly one-third were in New York Heart Association 
class III/IV at enrollment,9 and the severity of valve dis-
ease was the strongest predictor of mortality. Although 
most of these patients were likely to require intervention, 
only 10.3% (n=175) of those with severe valve disease 
had surgery or percutaneous intervention. In a study of 
newly diagnosed RHD with a similar profile, seen at a 
well-equipped tertiary care center in South Africa, 22% 
of patients underwent surgery at 30 months of follow-
up.17 Timely surgery or percutaneous intervention may 
improve outcomes in patients with severe disease.13,18 
However, facilities for cardiac surgery are scarce in 
poor countries and waiting periods are long.19,20 Gaps 
in the use of effective therapies may be attributable to 
difficulties in access to care, and may explain some of 
the observed differences in mortality between middle-
income and low-income countries (Figure 2). Strategies 
to provide high-quality tertiary care for patients with RHD 
have been proposed in Africa.21

Despite a substantial proportion of patients being in 
AF, oral anticoagulation was used in only 70% of these 
individuals. Even among patients with mechanical valves, 
≈9% of patients were not on any oral anticoagulation. 
Among those on VKAs, INR monitoring was infrequent 
and less than one-third of patients were in the therapeu-
tic range. It is predictable that patients with INRs outside 
the therapeutic range had a 3-fold higher risk of stroke. 
Underuse of oral anticoagulation is widespread,22 but the 
level of INR control is poorer in developing countries. In 
a worldwide registry of AF, the time in therapeutic range 
for patients from Africa, China, and India was <40%.23 
This may be because of poor awareness by both physi-
cians and patients on their importance, poor patient edu-
cation, and limited access to INR testing.24,25 Strategies 
targeting these factors are needed to improve clinical 
outcomes with oral anticoagulation. Although self-mon-
itoring using point-of-care devices may be theoretically 
appealing, they are currently not affordable for the ma-
jority of patients in Africa and Asia.26,27 Moreover, it is 
unknown if patients in LMICs can effectively self-monitor 
and adjust their VKA doses. Perhaps novel approaches 
need to be tested, such as the recruitment of educated 
and motivated individuals from the community (eg, local 
school teachers), as useful surrogate healthcare provid-
ers to perform home monitoring.14 Although newer oral 
anticoagulants overcome the need for monitoring, their 
efficacy and safety in RHD is unknown, and they are at 
present unaffordable to the majority of patients living in 
poor countries. However, it is possible that in the future 
these drugs may become more affordable and widely 
used (as has happened with antiretroviral therapy for 
HIV), and, therefore, trials evaluating these agents in 
RHD are needed.9,28

Although there was a significant association of non-
use of secondary prophylaxis with the occurrence of 
ARF, CHF, or death, this was attenuated after adjustment 
for other prognostic variables. However, in the fully ad-
justed Cox regression analysis, there was a significant 
association of secondary prophylaxis with education and 
death or CHF. The effect of secondary prophylaxis on 
the occurrence of CHF or death is likely to be greatest 
among patients in the early stages of disease. Patients 
in poor countries are likely to have experienced substan-
tial valve damage from multiple, unrecognized episodes 
of ARF before they first come to clinical attention, at 
which point the hemodynamic consequences of severe 
valve disease may be the overwhelming determinants 
of prognosis.29 A similar lack of impact of secondary 
prophylaxis on mortality was observed in the Australian 
Northern Territory register that relied on clinical diagno-
sis of RHD at the point of entry.7 These findings highlight 
the need for studying the efficacy of earlier institution 
of secondary prophylaxis in patients detected through 
screening programs,30,31 combined with approaches to 
prevent the first episode of ARF.29 In patients with ad-
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vanced disease, given its documented effect of reducing 
recurrences of ARF, secondary prophylaxis should con-
tinue to be administered in addition to definitive therapy 
for valve disease.32

Education beyond primary school was associated 
with a significant reduction in mortality. Patient edu-
cation is an indicator of socioeconomic status in re-
source-poor countries. A multinational retrospective 
study of African patients with RHD showed that the ra-
tio of patients with severe disease to any RHD valvular 
lesion was higher in countries with the lowest gross 
domestic product.33 This observation is consistent 
with the mortality gradient observed with respect to 
the country income group in this study. These findings 
point to the inextricable link between socioeconomic 
development and RHD, and emphasize the need for 
overall societal development as a key prerequisite for 
RHD control.34

Our study has several strengths. First, it is the larg-
est prospective study of patients with RHD in LMICs 
allowing for precise estimates of patient-important 
clinical outcomes. Second, the diagnosis of RHD was 
confirmed by echocardiography, and disease severity 
and clinical outcomes were measured using prespeci-
fied, objective criteria, thereby reducing bias. Third, 
because we collected data from various countries in 
different stages of economic development, we were 
able to explore some of the socioeconomic factors that 
influence outcomes. The most important limitation of 
this study is that, despite extensive efforts to track pa-
tients, 11.5% of our patients were lost to follow-up. Al-
though this proportion was lower than initially projected 
(20%), it reflects the challenges of conducting studies 
in resource-constrained settings.16,35 Moreover, signifi-
cantly greater proportions of those lost to follow-up had 
severe disease, were in CHF or worse functional class 
at enrollment, or were less educated (online-only Data 
Supplement Table II), and so our data may be an under-
estimate of the poor prognosis in this condition. This 
is a hospital-based registry of symptomatic patients, 
so our results may not apply to unselected patients in 
the community. Whether those who are asymptomatic 
when they are initially encountered will have a similar 
prognosis is not known.36

cOnclUsiOn
Clinical RHD is associated with high morbidity and mor-
tality in young adults presenting to healthcare facilities. 
Better access to high-quality tertiary care services and 
optimizing the use of proven interventions such as sec-
ondary antibiotic prophylaxis and oral anticoagulation 
are likely to improve outcomes. Given the scarcity of 
high-quality data (from large international registries and 
randomized trials), more research is needed to devise 

effective ways of preventing ARF, detecting early RHD, 
improving access to essential care, and preventing dis-
ease progression.

acKnOWleDgMents
The authors acknowledge the substantial contribution made 
by the following individuals: Jitender Sharma and Gaurav Pu-
rohit (New Delhi, India); Christine Yuko Jowi (Nairobi, Kenya); 
Henning du Toit, Masomi Kaaya, Liina Sikwaya, and Andreas 
Wilberg (Windhoek, Namibia); Tanimowo Sunkanmi (Abeokuta, 
Nigeria); Ludu Audu, Charity Durojaiye-Amodu, Ngozi Elekwa, 
Ogechi Maduka, Oludolapo Marcaulay, Shamsudeen Moham-
med, and Halim Odiachi (Jos, Nigeria); Dylan Barth, Patrick 
Commerford, Felicia Gili, Alexia Joachim, John Lawrenson, 
Carolise Lemmer, Nonkululeko Koyana, Kathryn Manning, 
Wendy Matthiassen, Alet Meiring, Peggy Mgwayi, Lwazi Mh-
lanti, Simpiwe Nkepu, Mpiko Ntsekhe, Janine Saaiman, Unita 
September, Kathie Walker, and Marnie van de Wall (Cape 
Town, South Africa); Priscilla Adolf, Jabulani Mbokazi, and 
Susan Perkins (Polokwane, South Africa); Neusa Jessen (Ma-
puto, Mozambique); and Tagwa Eltahir (Khartoum, Sudan).

sOUrces OF FUnDing
REMEDY (Global Rheumatic Heart Disease Registry) was 
funded principally by the Canadian Network and Center for 
Trials Internationally (CANNeCTIN) program lead by the Popu-
lation Health Research Institute as part of the Clinical Re-
search Initiative of Canadian Institutes of Health Research 
(www.cannectin.ca/). The other sources of funding were 
the South African Medical Research Council, Lily and Ernst 
Hausmann Trust, the Else Kroner Fresenius Foundation, the 
University of Cape Town, the National Research Foundation 
of South Africa, Harold and Ethel Pupkewitz Heart Foundation 
(Namibia), and the World Heart Federation. The Jos site was 
funded by the Jos University Teaching Hospital, the Heart 
Aid Trust Inc., and FaithAlive Foundation. The Sudan sites 
had partial funding from Sheikan Insurance Company. Drs 
Blanche Cupido and Liesl Zühlke were funded in part by the 
Discovery Foundation. Dr Zühlke was also funded by a US 
National Institutes of Health Fogarty International Clinical 
Research Fellowship, Thrasher Research Fund Early Career 
Award, Wellcome Trust Clinical Infectious Disease Research 
Initiative (CIDRI) Research Officer Award, the Hamilton Naki 
Clinical Scholarship, and by Medtronic Foundation through 
support to Rheumatic Heart Disease Action. Dr Salim Yusuf 
is funded by the Marion Burke Chair of the Heart and Stroke 
Foundation of Canada. The Namibian site was supported 
by the Harold and Ethel Pupkewitz Heart Foundation. The 
funders of this study had no role in its design, data collec-
tion, data analysis, data interpretation, writing of the report, 
or in the decision to submit the paper for publication. Several 
authors (Drs Mayosi, Zühlke, Karthikeyan, Yusuf, Teo, Islam, 
and Rangarajan) had full access to all the data in the study, 
and all authors had final responsibility for the decision to 
submit for publication.

D
ow

nloaded from
 http://ahajournals.org by on July 22, 2020



Zühlke et al

November 8, 2016 Circulation. 2016;134:1456–1466. DOI: 10.1161/CIRCULATIONAHA.116.0247691464

DisclOsUres
Dr ElSayed has received a grant from Sheikan Insurance Com-
pany to assist with data collection for this work. Other authors 
have no conflicts of interest to declare.

aFFiliatiOns
From Cardiac Clinic, Department of Medicine, Groote Schuur 
Hospital and University of Cape Town, South Africa (L.Z., 
M.E.E., B.C., R.D., V.F., B.M.M.); Division of Paediatric Car-
diology, Department of Paediatrics and Child Health, Red 
Cross War Memorial Children’s Hospital and University of 
Cape Town, South Africa (L.Z., C.H.-H.); Department of Car-
diology, All India Institute of Medical Sciences, New Delhi 
(G.K.); Population Health Research Institute, Hamilton Health 
Sciences and McMaster University, Ontario, Canada (S.R., 
P.M., S.I., K.T., S.Y.); Department of Statistical Sciences, 
University of Cape Town, South Africa (K.M.); Department 
of Surgery, School of Medicine, College of Health Sciences, 
University of Nairobi, Kenya (S.O.); Cardiology Unit, Depart-
ment of Medicine, Kenyatta National Teaching and Referral 
Hospital, Nairobi, Kenya (B.G.); Cardiology Unit, Department 
of Medicine, Mulago Hospital, Kampala, Uganda (C.M.); Ugan-
da Heart Institute, Kampala (E.O., P.L.); Faculty of Medicine 
& Surgery, University of Sana’a, Al-Thawrah Cardiac Center, 
Yemen (M.M.A.-K.); Paediatric Cardiology Service, Windhoek 
Central Hospital, Namibia (C.H.-H.); Department of Paediat-
rics, Division of Paediatric Cardiology, Faculty of Medicine, 
Cairo University Children’s Hospital, Egypt (S.S.S.); Depart-
ment of Paediatrics and Child Health, Jimma University Hos-
pital, Ethiopia (A.H., W.D.); Department of Internal Medicine, 
Faculty of Medicine, Addis Ababa, Ethiopia (D.Y.G., S.G.A., 
A.G.D., B.A.S., D.M.B.); Cardiothoracic Surgery Department, 
Al Shaab Teaching Hospital and Faculty of Medicine, Alzaiem 
Alazhari University, Khartoum, Sudan (A.E., A.S.I.); Univer-
sity Teaching Hospital, Department of Paediatrics and Child 
Health, University of Zambia, Lusaka (J.M.); Departments of 
Paediatrics and Medicine, Jos University Teaching Hospital, 
Nigeria (F.B.-T., C.C.Y., G.A.A., O.I., B.O.); Department of Pae-
diatrics and Child Health, University of Limpopo, Polokwane, 
South Africa (C.S.); Department of Internal Medicine, Univer-
sity of Limpopo, Polokwane, South Africa (R.M.); Faculty of 
Medicine, Benha University, Cairo, Egypt (A.A.F.); Department 
of Paediatrics and Child Health, College of Medicine, Uni-
versity of Malawi, Blantyre (N.K.); Department of Medicine, 
Eduardo Mondlane University, Maputo, Mozambique (A.D.); 
Department of Medicine, Bayero University and Aminu Kano 
Teaching Hospital, Nigeria (M.U.S.); Division of Cardiology, 
Department of Medicine, University College Hospital, Ibadan, 
Nigeria (O.S.O., A.M.A.); Nigeria Ministry of Health, Umuahia, 
Abia State (O.S.O.); Department of Medicine, Federal Medi-
cal Centre, Abeokuta, Nigeria (O.S.O., T.O.); Ahmed Gasim 
Teaching Hospital, Khartoum, Sudan (H.H.M.E.); Instituto Na-
cional de Saúde and Eduardo Mondlane University, Maputo, 
Mozambique (A.O.M.); Department of Cardiology, Dr. George 
Mukhari Hospital and Sefako Makgatho Health Sciences Uni-
versity, Tshwane, South Africa (P.M.); Cardiology Unit, De-
partment of Medicine, University of Abuja Teaching Hospital, 
Nigeria (D.O.); and Paediatric Cardiology Unit, Department of 
Paediatrics, King Faisal Hospital, Kigali, Rwanda (J.M.).

FOOtnOtes
Received July 31, 2016; accepted September 20, 2016.
 Guest Editor for this article was Patrick O’Gara, MD.
 The online-only Data Supplement is available with this arti-
cle at http://circ.ahajournals.org/lookup/suppl/doi:10.1161/
CIRCULATIONAHA.116.024769/-/DC1.
 Continuing medical education (CME) credit is available for 
this article. Go to http://cme.ahajournals.org to take the quiz. 
 Circulation is available at http://circ.ahajournals.org.

reFerences
 1. Marijon E, Mirabel M, Celermajer DS, Jouven X. Rheumatic heart 

disease. Lancet. 2012;379:953–964. doi: 10.1016/S0140-
6736(11)61171-9.

 2. Naghavi M, Wang HD, Lozano R, Davis A, Liang XF, Zhou MG, 
Vollset SE, Ozgoren AA, Abdalla S, Abd-Allah F, Aziz MIA, Abera SF, 
Aboyans V, Abraham B, Abraham JP, Abuabara KE, Abubakar I, 
Abu-Raddad LJ, Abu-Rmeileh NME, Achoki T, Adelekan A, Ademi 
ZN, Adofo K, Adou AK, Adsuar JC, Arnlov J, Agardh EE, Akena D, 
Al Khabouri MJ, Alasfoor D, Albittar M, Alegretti MA, Aleman AV, 
Alemu ZA, Alfonso-Cristancho R, Alhabib S, Ali MK, Ali R, Alla F, Al 
Lami F, Allebeck P, AlMazroa MA, Salman RAS, Alsharif U, Alvarez 
E, Alviz-Guzman N, Amankwaa AA, Amare AT, Ameli O, Amini H, 
Ammar W, Anderson HR, Anderson BO, Antonio CAT, Anwari P, 
Apfel H, Cunningham SA, Arsenijevic VSA, Al A, Asad MM, Asghar 
RJ, Assadi R, Atkins LS, Atkinson C, Badawi A, Bahit MC, Bakfa-
louni T, Balakrishnan K, Balalla S, Banerjee A, Barber RM, Barker-
Collo SL, Barquera S, Barregard L, Barrero LH, Barrientos-Gutier-
rez T, Basu A, Basu S, Basulaiman MO, Beardsley J, Bedi N, Beghi 
E, Bekele T, Bell ML, Benjet C, Bennett DA, Bensenor IM, Benzian 
H, Bertozzi-Villa A, Beyene TJ, Bhala N, Bhalla A, Bhutta ZA, Bik-
bov B, Bin Abdulhak A, Biryukov S, Blore JD, Blyth FM, Bohensky 
MA, Borges G, Bose D, Boufous S, Bourne RR, Boyers LN, Brainin 
M, Brauer M, Brayne CEG, Brazinova A, Breitborde N, Brenner H, 
Briggs ADM, Brown JC, Brugha TS, Buckle GC, Bui LN, Bukhman 
G, Burch M, Nonato IRC, Carabin H, Cardenas R, Carapetis J, 
Carpenter DO, Caso V, Castaneda-Orjuela CA, Castro RE, Catala-
Lopez F, Cavalleri F, Chang JC, Charlson FC, Che X, Chen HL, 
Chen YY, Chen JS, Chen ZM, Chiang PPC, Chimed-Ochir O, Chow-
dhury R, Christensen H, Christophi CA, Chuang TW, Chugh SS, 
Cirillo M, Coates MM, Coffeng LE, Coggeshall MS, Cohen A, Colis-
tro V, Colquhoun SM, Colomar M, Cooper LT, Cooper C, Coppola 
LM, Cortinovis M, Courville K, Cowie BC, Criqui MH, Crump JA, 
Cuevas-Nasu L, Leite IDC, Dabhadkar KC, Dandona L, Dandona R, 
Dansereau E, Dargan PI, Dayama A, De la Cruz-Gongora V, de la 
Vega SF, De Leo D, Degenhardt L, del Pozo-Cruz B, Dellavalle RP, 
Deribe K, Jarlais DCD, Dessalegn M, deVeber GA, Dharmaratne 
SD, Dherani M, Diaz-Ortega JL, Diaz-Torne C, Dicker D, Ding EL, 
Dokova K, Dorsey ER, Driscoll TR, Duan LL, Duber HC, Durrani 
AM, Ebel BE, Edmond KM, Ellenbogen RG, Elshrek Y, Ermakov SP, 
Erskine HE, Eshrati B, Esteghamati A, Estep K, Furst T, Fahimi S, 
Fahrion AS, Faraon EJA, Farzadfar F, Fay DFJ, Feigl AB, Feigin VL, 
Felicio MM, Fereshtehnejad SM, Fernandes JG, Ferrari AJ, Fleming 
TD, Foigt N, Foreman K, Forouzanfar MH, Fowkes FGR, Paleo UF, 
Franklin RC, Futran ND, Gaffikin L, Gambashidze K, Gankpe FG, 
Garcia-Guerra FA, Garcia AC, Geleijnse JM, Gessner BD, Gibney 
KB, Gillum RF, Gilmour S, Abdelmageem I, Ginawi M, Giroud M, 
Glaser EL, Goenka S, Dantes HG, Gona P, Gonzalez-Medina D, 
Guinovart C, Gupta R, Gupta R, Gosselin RA, Gotay CC, Goto A, 
Gowda HN, Graetz N, Greenwell KF, Gugnani HC, Gunnell D, Guti-
errez RA, Haagsma J, Hafezi-Nejad N, Hagan H, Hagstromer M, 
Halasa YA, Hamadeh RR, Hamavid H, Hammami M, Hancock J, 
Hankey GJ, Hansen GM, Harb HL, Harewood H, Haro JM, Hav-
moeller R, Hay RJ, Hay SI, Hedayati MT, Pi IBH, Heuton KR, Hey-

D
ow

nloaded from
 http://ahajournals.org by on July 22, 2020



Clinical Outcomes of Rheumatic Heart Disease 

Circulation. 2016;134:1456–1466. DOI: 10.1161/CIRCULATIONAHA.116.024769 November 8, 2016

ORIGINAL RESEARCH 
ARTICLE

1465

darpour P, Higashi H, Hijar M, Hoek HW, Hoffman HJ, Hornberger 
JC, Hosgood HD, Hossain M, Hotez PJ, Hoy DG, Hsairi M, Hu GQ, 
Huang JJ, Huffman MD, Hughes AJ, Husseini A, Huynh C, Iann-
arone M, Iburg KM, Idrisov BT, Ikeda N, Innos K, Inoue M, Islami F, 
Ismayilova S, Jacobsen KH, Jassal S, Jayaraman SP, Jensen PN, 
Jha V, Jiang GH, Jiang Y, Jonas JB, Joseph J, Juel K, Kabagambe 
EK, Kan HD, Karch A, Karimkhani C, Karthikeyan G, Kassebaum N, 
Kaul A, Kawakami N, Kazanjan K, Kazi DS, Kemp AH, Kengne AP, 
Keren A, Kereselidze M, Khader YS, Khalifa S, Khan EA, Khan G, 
Khang YH, Kieling C, Kinfu Y, Kinge JM, Kim D, Kim S, Kivipelto M, 
Knibbs L, Knudsen AK, Kokubo Y, Kosen S, Kotagal M, Kravchen-
ko MA, Krishnaswami S, Krueger H, Defo BK, Kuipers EJ, Bicer 
BK, Kulkarni C, Kulkarni VS, Kumar K, Kumar RB, Kwan GF, Kyu H, 
Lai T, Balaji AL, Lalloo R, Lallukka T, Lam H, Lan Q, Lansingh VC, 
Larson HJ, Larsson A, Lavados PM, Lawrynowicz AEB, Leasher 
JL, Lee JT, Leigh J, Leinsalu M, Leung R, Levitz C, Li B, Li YC, Li 
YM, Liddell C, Lim SS, de Lima GMF, Lind ML, Lipshultz SE, Liu 
SW, Liu Y, Lloyd BK, Lofgren KT, Logroscino G, London SJ, Lortet-
Tieulent J, Lotufo PA, Lucas RM, Lunevicius R, Lyons RA, Ma S, 
Machado VMP, MacIntyre MF, Mackay MT, MacLachlan JH, Magis-
Rodriguez C, Mahdi AA, Majdan M, Malekzadeh R, Mangalam S, 
Mapoma CC, Marape M, Marcenes W, Margono C, Marks GB, Mar-
zan MB, Masci JR, Mashal MTQ, Masiye F, Mason-Jones AJ, Matzo-
polous R, Mayosi BM, Mazorodze TT, McGrath JJ, McKay AC, 
McKee M, McLain A, Meaney PA, Mehndiratta MM, Mejia-Rodri-
guez F, Melaku YA, Meltzer M, Memish ZA, Mendoza W, Mensah 
GA, Meretoja A, Mhimbira FA, Miller TR, Mills EJ, Misganaw A, 
Mishra SK, Mock CN, Moffitt TE, Ibrahim NM, Mohammad KA, 
Mokdad AH, Mola GL, Monasta L, Monis JD, Hernandez JCM, Mon-
tico M, Montine TJ, Mooney MD, Moore AR, Moradi-Lakeh M, Mo-
ran AE, Mori R, Moschandreas J, Moturi WN, Moyer ML, Mozaffar-
ian D, Mueller UO, Mukaigawara M, Mullany EC, Murray J, 
Mustapha A, Naghavi P, Naheed A, Naidoo KS, Naldi L, Nand D, 
Nangia V, Narayan KMV, Nash D, Nasher J, Nejjari C, Nelson RG, 
Neuhouser M, Neupane SP, Newcomb PA, Newman L, Newton CR, 
Ng M, Ngalesoni FN, Nguyen G, Nguyen NTT, Nisar MI, Nolte S, 
Norheim OF, Norman RE, Norrving B, Nyakarahuka L, Odell S, 
O’Donnell M, Ohkubo T, Ohno SL, Olusanya BO, Omer SB, Opio 
JN, Orisakwe OE, Ortblad KF, Ortiz A, Otayza MLK, Pain AW, Pan-
dian JD, Panelo CI, Panniyammakal J, Papachristou C, Caicedo 
AJP, Patten SB, Patton GC, Paul VK, Pavlin B, Pearce N, Pellegrini 
CA, Pereira DM, Peresson SC, Perez-Padilla R, Perez-Ruiz FP, 
Perico N, Pervaiz A, Pesudovs K, Peterson CB, Petzold M, Phillips 
BK, Phillips DE, Phillips MR, Plass D, Piel FB, Poenaru D, Polinder 
S, Popova S, Poulton RG, Pourmalek F, Prabhakaran D, Qato D, 
Quezada AD, Quistberg DA, Rabito F, Rafay A, Rahimi K, Rahimi-
Movaghar V, Rahman SUR, Raju M, Rakovac I, Rana SM, Refaat A, 
Remuzzi G, Ribeiro AL, Ricci S, Riccio PM, Richardson L, Richar-
dus JH, Roberts B, Roberts DA, Robinson M, Roca A, Rodriguez A, 
Rojas-Rueda D, Ronfani L, Room R, Roth GA, Rothenbacher D, 
Rothstein DH, Rowley JT, Roy N, Ruhago GM, Rushton L, Samban-
dam S, Soreide K, Saeedi MY, Saha S, Sahathevan R, Sahraian 
MA, Sahle BW, Salomon JA, Salvo D, Samonte GMJ, Sampson U, 
Sanabria JR, Sandar L, Santos IS, Satpathy M, Sawhney M, Saylan 
M, Scarborough P, Schottker B, Schmidt JC, Schneider IJC, 
Schumacher AE, Schwebel DC, Scott JG, Sepanlou SG, Servan-
Mori EE, Shackelford K, Shaheen A, Shahraz S, Shakh-Nazarova 
M, Shangguan S, She J, Sheikhbahaei S, Shepard DS, Shibuya K, 
Shinohara Y, Shishani K, Shiue I, Shivakoti R, Shrime MG, Sigfus-
dottir ID, Silberberg DH, Silva AP, Simard EP, Sindi S, Singh JA, 
Singh L, Sioson E, Skirbekk V, Sliwa K, So S, Soljak M, Soneji S, 
Soshnikov SS, Sposato LA, Sreeramareddy CT, Stanaway JRD, 
Stathopoulou VK, Steenland K, Stein C, Steiner C, Stevens A, 
Stoeckl H, Straif K, Stroumpoulis K, Sturua L, Sunguya BF, Swam-
inathan S, Swaroop M, Sykes BL, Tabb KM, Takahashi K, Talongwa 
RT, Tan F, Tanne D, Tanner M, Tavakkoli M, Ao BT, Teixeira CM, 
Templin T, Tenkorang EY, Terkawi AS, Thomas BA, Thorne-Lyman 

AL, Thrift AG, Thurston GD, Tillmann T, Tirschwell DL, Tleyjeh IM, 
Tonelli M, Topouzis F, Towbin JA, Toyoshima H, Traebert J, Tran 
BX, Truelsen T, Trujillo U, Trillini M, Dimbuene ZT, Tsilimbaris M, 
Tuzcu EM, Ubeda C, Uchendu US, Ukwaja KN, Undurraga EA, Val-
lely AJ, van de Vijver S, van Gool CH, Varakin YY, Vasankari TJ, 
Vasconcelos AMN, Vavilala MS, Venketasubramanian N, Vijayaku-
mar L, Villalpando S, Violante FS, Vlassov VV, Wagner GR, Waller 
SG, Wang JL, Wang L, Wang XR, Wang YP, Warouw TS, Weichen-
thal S, Weiderpass E, Weintraub RG, Wenzhi W, Werdecker A, Wes-
sells KRR, Westerman R, Whiteford HA, Wilkinson JD, Williams TN, 
Woldeyohannes SM, Wolfe CDA, Wolock TM, Woolf AD, Wong JQ, 
Wright JL, Wulf S, Wurtz B, Xu GL, Yang YC, Yano Y, Yatsuya H, Yip 
P, Yonemoto N, Yoon SJ, Younis M, Yu CH, Jin KY, Zaki MES, Za-
makhshary MF, Zeeb H, Zhang Y, Zhao Y, Zheng YF, Zhu J, Zhu S, 
Zonies D, Zou XN, Zunt JR, Vos T, Lopez AD, Murray CJL; GBD 
2013 Mortality and Causes of Death Collaborators. Global, re-
gional, and national age-sex specific all-cause and cause-specific 
mortality for 240 causes of death, 1990–2013: a systematic 
analysis for the Global Burden of Disease Study 2013. Lancet. 
2015;385:117–171.

 3. Karthikeyan G, Zühlke L, Engel M, Rangarajan S, Yusuf S, Teo K, 
Mayosi BM. Rationale and design of a Global Rheumatic Heart Dis-
ease Registry: the REMEDY study. Am Heart J. 2012;163:535–
540.e1. doi: 10.1016/j.ahj.2012.01.003.

 4. Bland EF, Duckett Jones T. Rheumatic fever and rheumatic heart 
disease; a twenty year report on 1000 patients followed since 
childhood. Circulation. 1951;4:836–843.

 5. The natural history of rheumatic fever and rheumatic heart dis-
ease. Ten-year report of a cooperative clinical trial of ACTH, corti-
sone, and aspirin. Circulation. 1965;32:457–476.

 6. Milne RJ, Lennon D, Stewart JM, Vander Hoorn S, Scuff-
ham PA. Mortality and hospitalisation costs of rheumatic 
fever and rheumatic heart disease in New Zealand. J Paedi-
atr Child Health. 2012;48:692–697. doi: 10.1111/j.1440-
1754.2012.02446.x.

 7. Lawrence JG, Carapetis JR, Griffiths K, Edwards K, Condon 
JR. Acute rheumatic fever and rheumatic heart disease: inci-
dence and progression in the Northern Territory of Australia, 1997 
to 2010. Circulation. 2013;128:492–501. doi: 10.1161/ 
CIRCULATIONAHA.113.001477.

 8. He VY, Condon JR, Ralph AP, Zhao Y, Roberts K, de Dassel JL, Cur-
rie BJ, Fittock M, Edwards KN, Carapetis JR. Long-term outcomes 
from acute rheumatic fever and rheumatic heart disease: a data-link-
age and survival analysis approach. Circulation. 2016;134:222–
232. doi: 10.1161/CIRCULATIONAHA.115.020966.

 9. Zühlke L, Engel ME, Karthikeyan G, Rangarajan S, Mackie P, 
Cupido B, Mauff K, Islam S, Joachim A, Daniels R, Francis V, 
Ogendo S, Gitura B, Mondo C, Okello E, Lwabi P, Al-Kebsi MM, 
Hugo-Hamman C, Sheta SS, Haileamlak A, Daniel W, Goshu DY, 
Abdissa SG, Desta AG, Shasho BA, Begna DM, ElSayed A, Ibra-
him AS, Musuku J, Bode-Thomas F, Okeahialam BN, Ige O, Sutton 
C, Misra R, Abul Fadl A, Kennedy N, Damasceno A, Sani M, Ogah 
OS, Olunuga T, Elhassan HH, Mocumbi AO, Adeoye AM, Mntla 
P, Ojji D, Mucumbitsi J, Teo K, Yusuf S, Mayosi BM. Characteris-
tics, complications, and gaps in evidence-based interventions in 
rheumatic heart disease: the Global Rheumatic Heart Disease 
Registry (the REMEDY study). Eur Heart J. 2015;36:1115–122a. 
doi: 10.1093/eurheartj/ehu449.

 10. Pelajo CF, Lopez-Benitez JM, Torres JM, de Oliveira SK. Adher-
ence to secondary prophylaxis and disease recurrence in 536 
Brazilian children with rheumatic fever. Pediatr Rheumatol Online 
J. 2010;8:22. doi: 10.1186/1546-0096-8-22.

 11. World Health Organization. Rheumatic fever and rheumatic heart 
disease: report of a WHO expert consultation, Geneva, 29 Octo-
ber–1 November 2001. WHO Technical Report Series 2004.

 12. Li JS, Sexton DJ, Mick N, Nettles R, Fowler VG Jr, Ryan T, Bashore 
T, Corey GR. Proposed modifications to the Duke criteria for the 

D
ow

nloaded from
 http://ahajournals.org by on July 22, 2020



Zühlke et al

November 8, 2016 Circulation. 2016;134:1456–1466. DOI: 10.1161/CIRCULATIONAHA.116.0247691466

diagnosis of infective endocarditis. Clin Infect Dis. 2000;30:633–
638. doi: 10.1086/313753.

 13. Nishimura RA, Otto CM, Bonow RO, Carabello BA, Erwin JP 3rd, 
Guyton RA, O’Gara PT, Ruiz CE, Skubas NJ, Sorajja P, Sundt TM 
3rd, Thomas JD; ACC/AHA Task Force Members. 2014 AHA/ACC 
Guideline for the Management of Patients With Valvular Heart Dis-
ease: executive summary: a report of the American College of 
Cardiology/American Heart Association Task Force on Practice 
Guidelines. Circulation. 2014;129:2440–2492. doi: 10.1161/
CIR.0000000000000029.

 14. Kumar R, Raizada A, Aggarwal AK, Ganguly NK. A community-
based rheumatic fever/rheumatic heart disease cohort: twelve-
year experience. Indian Heart J. 2002;54:54–58.

 15. World Bank. World Bank Country and Lending Groups 2016. 
http://data.worldbank.org. Accessed October 17, 2016.

 16. Günther G, Asmera J, Parry E. Death from rheumatic heart dis-
ease in rural Ethiopia. Lancet. 2006;367:391. doi: 10.1016/
S0140-6736(06)68128-2.

 17. Sliwa K, Carrington M, Mayosi BM, Zigiriadis E, Mvungi R, Stewart 
S. Incidence and characteristics of newly diagnosed rheumatic 
heart disease in urban African adults: insights from the heart of 
Soweto study. Eur Heart J. 2010;31:719–727. doi: 10.1093/
eurheartj/ehp530.

 18. Sharma J, Goel PK, Pandey CM, Awasthi A, Kapoor A, Tewari S, Garg 
N, Kumar S, Khanna R. Intermediate outcomes of rheumatic mitral 
stenosis post-balloon mitral valvotomy. Asian Cardiovasc Thorac 
Ann. 2015;23:923–930. doi: 10.1177/0218492315598240.

 19. Yankah C, Fynn-Thompson F, Antunes M, Edwin F, Yuko-Jowi C, 
Mendis S, Thameur H, Urban A, Bolman R 3rd. Cardiac surgery ca-
pacity in Sub-Saharan Africa: quo vadis? Thorac Cardiovasc Surg. 
2014;62:393–401. doi: 10.1055/s-0034-1383723.

 20. Zühlke L, Mirabel M, Marijon E. Congenital heart disease and 
rheumatic heart disease in Africa: recent advances and cur-
rent priorities. Heart. 2013;99:1554–1561. doi: 10.1136/
heartjnl-2013-303896.

 21. Watkins D, Zuhlke L, Engel M, Daniels R, Francis V, Shaboodien 
G, Kango M, Abul-Fadl A, Adeoye A, Ali S, Al-Kebsi M, Bode-
Thomas F, Bukhman G, Damasceno A, Goshu DY, Elghamrawy 
A, Gitura B, Haileamlak A, Hailu A, Hugo-Hamman C, Justus S, 
Karthikeyan G, Kennedy N, Lwabi P, Mamo Y, Mntla P, Sutton 
C, Mocumbi AO, Mondo C, Mtaja A, Musuku J, Mucumbitsi J, 
Murango L, Nel G, Ogendo S, Ogola E, Ojji D, Olunuga TO, Redi 
MM, Rusingiza KE, Sani M, Sheta S, Shongwe S, van Dam J, 
Gamra H, Carapetis J, Lennon D, Mayosi BM. Seven key actions 
to eradicate rheumatic heart disease in Africa: the Addis Ababa 
communiqué. Cardiovasc J Afr. 2016;27:1–5. doi: 10.5830/
CVJA-2015-090.

 22. Ogilvie IM, Newton N, Welner SA, Cowell W, Lip GY. Underuse of oral 
anticoagulants in atrial fibrillation: a systematic review. Am J Med. 
2010;123:638–645.e4. doi: 10.1016/j.amjmed.2009.11.025.

 23. Oldgren J, Healey JS, Ezekowitz M, Commerford P, Avezum A, 
Pais P, Zhu J, Jansky P, Sigamani A, Morillo CA, Liu L, Dama-
sceno A, Grinvalds A, Nakamya J, Reilly PA, Keltai K, Van Gelder 
IC, Yusufali AH, Watanabe E, Wallentin L, Connolly SJ, Yusuf S; 
RE-LY Atrial Fibrillation Registry Investigators. Variations in cause 
and management of atrial fibrillation in a prospective registry of 
15,400 emergency department patients in 46 countries: the RE-
LY Atrial Fibrillation Registry. Circulation. 2014;129:1568–1576. 
doi: 10.1161/CIRCULATIONAHA.113.005451.

 24. Kakkar N, Kaur R. Knowledge base of clinicians regarding oral 
anticoagulant therapy in a teaching institution–a questionnaire sur-
vey. J Assoc Physicians India. 2004;52:868–872.

 25. Kakkar N, Kaur R, John M. Outpatient oral anticoagulant man-
agement–an audit of 82 patients. J Assoc Physicians India. 
2005;53:847–852.

 26. Sharma P, Scotland G, Cruickshank M, Tassie E, Fraser C, Burton 
C, Croal B, Ramsay CR, Brazzelli M. The clinical effectiveness and 
cost-effectiveness of point-of-care tests (CoaguChek system, IN-
Ratio2 PT/INR monitor and ProTime Microcoagulation system) for 
the self-monitoring of the coagulation status of people receiving 
long-term vitamin K antagonist therapy, compared with standard 
UK practice: systematic review and economic evaluation. Health 
Technol Assess. 2015;19:1–172.

 27. Sharma P, Scotland G, Cruickshank M, Tassie E, Fraser C, Burton 
C, Croal B, Ramsay CR, Brazzelli M. Is self-monitoring an effective 
option for people receiving long-term vitamin K antagonist ther-
apy? A systematic review and economic evaluation. BMJ Open. 
2015;5:e007758. doi: 10.1136/bmjopen-2015-007758.

 28. De Caterina R, John Camm A. Non-vitamin K antagonist oral anti-
coagulants in atrial fibrillation accompanying mitral stenosis: the 
concept for a trial. Europace. 2016;18:6–11. doi: 10.1093/euro-
pace/euv288.

 29. Karthikeyan G, Mayosi BM. Is primary prevention of rheumat-
ic fever the missing link in the control of rheumatic heart dis-
ease in Africa? Circulation. 2009;120:709–713. doi: 10.1161/ 
CIRCULATIONAHA.108.836510.

 30. Roberts K, Colquhoun S, Steer A, Reményi B, Carapetis J. Screen-
ing for rheumatic heart disease: current approaches and contro-
versies. Nat Rev Cardiol. 2013;10:49–58. doi: 10.1038/nrcar-
dio.2012.157.

 31. Zühlke L, Mayosi BM. Echocardiographic screening for subclinical 
rheumatic heart disease remains a research tool pending stud-
ies of impact on prognosis. Curr Cardiol Rep. 2013;15:343. doi: 
10.1007/s11886-012-0343-1.

 32. Manyemba J and Mayosi BM. Penicillin for secondary pre-
vention of rheumatic fever. Cochrane Database Syst Rev. 
2002;3:CD002227.

 33. Kingué S, Ba SA, Balde D, Diarra MB, Anzouan-Kacou JB, Anisubia 
B, Damorou JM, Ndobo P, Menanga A, Kane A, Kakou-Guikahué 
M, Kenfack M, Metogo B, Chelo D, Yangnigni E, Tantchou C, 
Bertrand E, Monsuez JJ; Working Group on Tropical Cardiology 
of the Société française de cardiologie. The VALVAFRIC study: 
a registry of rheumatic heart disease in Western and Central Af-
rica. Arch Cardiovasc Dis. 2016;109:321–329. doi: 10.1016/j.
acvd.2015.12.004.

 34. Robertson KA, Mayosi BM. Rheumatic heart disease: social and 
economic dimensions. S Afr Med J. 2008;98:780–781.

 35. Sliwa K, Damasceno A, Davison BA, Mayosi BM, Sani MU, Ogah 
O, Mondo C, Ojji D, Dzudie A, Kouam CK, Yonga G, Ba SA, 
Ogola E, Edwards C, Milo O, Cotter G. Bi treatment with hy-
dralazine/nitrates vs. placebo in Africans admitted with acute 
HEart Failure (BA-HEF). Eur J Heart Fail. 2016;18:1248–1258. 
doi: 10.1002/ejhf.581

 36. Zühlke L, Engel ME, Lemmer CE, van de Wall M, Nkepu S, Meiring 
A, Bestawros M, Mayosi BM. The natural history of latent rheu-
matic heart disease in a 5 year follow-up study: a prospective 
observational study. BMC Cardiovasc Disord. 2016;16:46. doi: 
10.1186/s12872-016-0225-3.

D
ow

nloaded from
 http://ahajournals.org by on July 22, 2020




