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Abstract The application of portable echocardiography to
the screening of asymptomatic children and young adults for
rheumatic heart disease (RHD) in developing countries
indicates that the disease may affect 62 million to 78 million
individuals worldwide, which could potentially result in 1.4
million deaths per year from RHD and its complications.
The World Heart Federation has developed a guideline for
the echocardiographic diagnosis of RHD in asymptomatic
individuals without a history of acute rheumatic fever (ARF)
in order to ensure the reliability, comparability, and repro-
ducibility of findings of the echocardiographic screening
studies. Early studies suggest that a third of individuals with
asymptomatic subclinical RHD revert to normal echocardio-
graphic findings on repeat testing after 612 months, sug-
gesting that repeat echocardiography may be necessary to
confirm the findings prior to consideration of interventions
such as antibiotic prophylaxis. It is not known, however,
whether echocardiographic screening for asymptomatic sub-
clinical RHD or the introduction of antibiotic prophylaxis
for affected individuals improves the prognosis of RHD.
Furthermore, the cost-effectiveness of this screening method
has not been established in the vast majority of affected
countries. Therefore, echocardiographic screening for
asymptomatic subclinical RHD remains a research tool until
studies of impact on prognosis and cost-effectiveness are
conducted.
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Introduction

The world is divided into countries and communities where
the incidence of acute rheumatic fever (ARF)/rheumatic
heart disease (RHD) is lower than 1 per 100, 000 per year
(ie, developed countries) and those where the disease is
endemic at a rate of greater than 10 per 100,000 per year
(ie, the majority of developing countries and some indige-
nous communities in industrialized countries) [1]. The use
of portable echocardiography to screen asymptomatic chil-
dren and young adults in these endemic countries for RHD
has shown that the disease may affect 62 million to 78
million individuals worldwide which could potentially re-
sult in 1.4 million deaths per year from RHD and its com-
plications [2¢¢]. The majority of these people are living in
countries with limited access to cardiac surgery [3ee, 4].
Thus, the prospect that detecting the earliest changes of
RHD in high prevalent populations followed by institution
of secondary prophylaxis to retard progress to overt disease
has been met with great enthusiasm, resulting in a “rising
tide” of echocardiographic screening studies for RHD over
the past 15 years in Africa, South Asia, Middle East, South
America, and Australasia [2¢e, 5, 6, 7, 8—16]. These
studies have not only revealed a large burden of subclinical
disease but also demonstrated the superiority of echocardi-
ography over auscultation in detecting early rheumatic
structural and functional changes of the mitral and aortic
valves [17].

For a disease to be suitable for screening as a tool for
prevention, it must satisfy the following conditions: (1) there
must be evidence of a significant burden of disease, (2) the
disease must have an initial latent stage, (3) which can be
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detected by simple, accessible, and sensitive tests, (4) the early
stages must be treatable by adequate therapy, and (5) there
must be evidence that early intervention improves prognosis
in a cost-effective manner. Whilst the echocardiographic stud-
ies confirm the heavy burden of RHD in endemic countries,
the additional conditions for screening of RHD require further
discussion which is the subject of this commentary.

Natural History of Latent Stages of RHD

Subclinical carditis (echocardiographic lesions in the ab-
sence of a murmur) in the context of ARF is associated with
either persistence or regression of disease in follow-up stud-
ies. Proven carditis with Aschoff nodules in the absence of
an ante-mortem murmur was first described in autopsy
specimens before the advent of echocardiography [18].
The Doppler echocardiographic features of subclinical rheu-
matic carditis [19] were characterized by Minich, while
Figueroa and others were the first to report the natural
history of subclinical carditis in patients with ARF [20].
Long-term follow-up of subclinical carditis associated with
ARF determined that valve lesions persist in 30% of patients
after 5 years [21-23]. A systematic review of studies of
subclinical carditis also showed that approximately half of
the patients diagnosed with subclinical carditis at time of
ARF showed persistence or deterioration of their carditis in
the following 2 years [24]. As a result stricter echocardio-
graphic criteria were proposed using both qualitative and
quantitative elements in an effort to identify those patients
who are likely to have significant irreversible damage of the
heart valves [25-27]. The Australian and New Zealand
Guidelines for Rheumatic Fever Diagnosis, Management
and Secondary Prevention include subclinical carditis as a
major criterion for the diagnosis of ARF in endemic com-
munities, [28-30] and recommend that all patients with
suspected or confirmed ARF undergo echocardiography.

The natural history of subclinical carditis in asymptomatic
populations without a previous history of ARF, however, is
less well characterized. Subclinical RHD may be defined as
features of RHD on echocardiography in the absence of
symptoms and signs of heart valve disease. A study of
12,050 asymptomatic school children screened by cardiac
auscultation revealed 168 participants with a pathological
murmur of RHD who were re-examined 4 years later [31,
32]. On review only 3% had progressive disease, whilst 57%
had a persistent murmur and the remaining 40% had a normal
cardiovascular examination. This study raised the possibility
that the natural history of asymptomatic RHD detected on
screening may be associated with an apparent reversion to
normal in a substantial proportion of individuals.

There are at least 3 studies that have reported on short-
term progress of subclinical RHD detected by echocardiog-
raphy [2ee, 7¢¢, 10, 33]. Bhaya et al. showed that within 2
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years of follow-up, isolated mitral regurgitation was likely
to resolve in the absence of valve deformities. In compari-
son, mitral regurgitation coexisting with valve deformities
was more likely to persist [33]. This implies that disease
classified as definite by echocardiography (ie, with morpho-
logical and functional changes) is more likely to persist than
borderline or possible categories (ie, with either minor mor-
phological or functional changes). On follow up of 100
children over 3 to 27 months in the Rheumatic Heart Echo-
cardiograms Ultilisation and Monitoring Actuarial Trends in
Indian Children (RHEUMATIC) study, the severity of sub-
clinical RHD was non-progressive in 68% of children, while
the changes worsened in 4% and regressed in 28% of
children [7¢¢]. A similar pattern was reflected in the
follow-up of participants in the probable and possible cate-
gories in Nicaragua [2¢¢]. In these categories, 69% persisted,
9% worsened whilst total regression was seen in 32%. These
studies indicate that early forms of suspected RHD that are
detected by either auscultation or echocardiography in
asymptomatic populations may be associated with resolu-
tion of changes in 30%—40% of subjects. Follow-up exam-
ination may be needed to identify the ‘persistors and
progressors’ who may be eligible for secondary prophylaxis.

Echocardiography as a Screening Test for RHD

Early detection of RHD in school children is traditionally done
by listening for murmurs by stethoscope, followed by echo-
cardiographic confirmation only in suspected cases. Recently,
systematic echocardiographic screening in children and adults
in many endemic countries and communities, have achieved a
case detection rate by echocardiography approximately 10-
fold that achieved by clinical examination only. Portable echo-
cardiography is considered to be a more sensitive test for
detecting the early stage of RHD than cardiac auscultation.

A key element to screening programs has been the need
for a unified set of echocardiographic criteria for the diag-
nosis of subclinical RHD. In 2005, a joint National Institutes
of Health-World Health Organization (NIH-WHO) working
group developed standardized surveillance protocols for
Group A streptococcal diseases, which included a diagnostic
definition of RHD on echocardiography [34]. This was a
consensus definition which needed validation in field stud-
ies [35¢¢]. The NIH-WHO criteria were subsequently shown
to be less sensitive than a combined set of criteria [36]. The
importance of a unified set of criteria is demonstrated in
Figure 1 which expresses the variability of the prevalence of
RHD in 2170 Mozambican children using auscultation and
4 different echocardiographic criteria [14, 36, 37]. A stan-
dardized evidence-based guideline for the echocardiograph-
ic diagnosis of RHD has been developed by the World Heart
Federation to improve the reliability, comparability and
reproducibility of echocardiographic screening studies
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[38ee]. It is envisaged that the new guideline may reduce the
potential for the over-diagnosis of RHD in screening studies
[39, 40]. A recent study highlighted this point by demon-
strating the importance of excluding physiological valve
regurgitation and congenital valve anomalies which may
be present in at least 1% of normal children [6]. These
guidelines provide a reproducible method which can be
utilized to follow people with subclinical lesions detected
in screening studies to determine progression of RHD and
recurrence rates of ARF [41, 42, 43e¢].

Echocardiographic Screening Protocols

The first study to use Doppler echocardiography as the pri-
mary modality for the evaluation of the prevalence of RHD
was performed in 1996 in rural schools of Kenya (Table 1) [9,
15]. The subsequent echocardiographic studies have used
different screening protocols. A recent study conducted in
Uganda reported a 2 minute screening echocardiogram of
the left-sided valves by a single operator followed by detailed
echocardiography of selected participants at a tertiary center,
which allows the screening of over 200 individuals per day
[5¢]. Other investigators have reported an average examina-
tion time of 3 minutes, 31 seconds in a targeted echocardiog-
raphy examination of the mitral and aortic valve [8].

An abbreviated echocardiographic protocol was employed
in the re-assessment of the original echocardiograms from the
Mozambique study (Fig. 1) [37]. The study evaluated the
value of a reference set of criteria (defined as a combination
of Doppler and morphological rheumatic features of the aortic
and/or mitral valves) [36] compared with an easy-to-use
single mitral regurgitation jet-length criterion (simplified
set of criteria). This study was able to demonstrate that in
comparison with the previously published reference criteria,
the simplified approach yielded a sensitivity of 73% and a
positive predictive value of 92% for case detection. It thus
appears feasible that a simple echocardiography-based
screening protocol for RHD could be developed to allow
for rapid and appropriate detection of a significant number
of RHD cases on site.

RHD Prevalence per 1000

WHQO criteria Combined

Criteria

Reference
Criteria

Simplified
Approach

Protocols including clinical auscultation have clearly
demonstrated the improved yield of subclinical valve
lesions by echocardiography compared with auscultation
[2¢e, 6, 7ee, 10, 14]. An auscultation protocol involving 2
auscultators (novice and experienced) in Tonga found that
auscultatory screening alone missed more than half of the
pathological lesions compared with echocardiography [13].
This may be reflected in the prevalence rates, which are
substantially lower in auscultation studies compared with
those that have employed echocardiography as a first-line
screening technique [9, 11, 12, 44-48]. Notable exceptions
are the studies from Yemen and Pakistan [9, 12] which may
reflect a heavy burden of severe RHD due to the high
intensity of social conditions of poverty [49].

Cost-Effectiveness and Impact on Prognosis of Screening
for RHD

A preliminary study from Fiji suggests that the direct costs
of echocardiographic screening per patient detected using a
combined auscultation and echocardiographic protocol was
US $59 [8]. These costs, which appear modest in the case of
Fiji, need to be viewed in the context of a national program
for the prevention and control of RHD. Furthermore, the
additional costs for screening would be justifiable if the
prognosis of RHD was improved. It is not yet proven that
penicillin prophylaxis for all children with subclinical rheu-
matic valve lesions is the best option in clinical practice.
Therefore, the case for the uptake of RHD screening in
public health programs will only be answered once the
impact of detecting subclinical lesions and early effective
secondary prophylaxis has been determined.

Adults may be the appropriate target group for screening,
rather than children.

It has been suggested that, as children represent only
15%-20% of the RHD load [50, 51], screening be extended
to older age groups [52]. The first studies to do so have
demonstrated important findings [2¢e, 53+, 54]. Paar et al.
found a prevalence of 22:1000(8—37:1000 95% CI) in adults
aged 20-35 years despite far more stringent criteria than
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Table 1 Echocardiography-based screening studies of rheumatic heart disease

Screening Reference Published

method

Country

Population

Sample  Criteria Prevalence
Size (per 1000
population)

Screening using clinical examination, portable echocardiography and cardiology confirmation with high-end echocardiography.

1 Marijon et al. Mozambique 2007 Children aged 6-17 yrs. 2170 Combined 30.4[16.8-26.2]

2 Marijon et al. Cambodia 2007 Children aged 617 yrs. 3677 Combined 21.5[16.8-26.2]

3 Bhaya et a India 2010 Schoolchildren aged 6-15 yrs. 1059 Defined in article 51[38-64]

4 Paar et al. Nicaragua 2010 Children aged 5-15 yrs. 3150 WHO/ NIH 2005 48[35-60]

5 Paar et al. Nicaragua 2010 Adults aged 20-35 yrs. 489 WHO/ NIH 2005 22[8-37]

6 Webb et al. New Zealand 2011 Schoolchildren aged 10—13yrs. 1142 WHO/ NIH 2005 26[12.6-39.4]

7 Saxena et al. India 2011 Schoolchildren aged 6270 Modified WHO criteria* 20.4[16.9-23.9]
5-15 yrs.

Screening using a tiered approach of clinical examination followed by portable echocardiography.

1 Carapetis et al. Tonga 2008 Children aged 3-15 yrs. 5053 WHO** 33.2[28.1-38.2]
Screening using an abbreviated echocardiography protocol.
1 Reeves et al. Fiji 2011 Schoolchildren aged 5-14 yrs. WHO/ NIH 2005 55.2[34-84]
2 Beaton et al. Uganda 2012 Schoolchildren aged 5-16 yrs. 4869 WHO/ NIH 2005
Screening using portable echocardiography only.
1 Anabwani et al.  Kenya 1996 Schoolchildren aged 5-15 yrs. 3631 Unknown 2.7[0.5-7.8]
2 Zhimin et al. China 2006 Chinese Adults aged 8080 Defined in article 18.6[10.4-30.6]
18-74 yrs
3 Otto et al. Eritrea 2011 Pregnant women aged 348 Modified WHO criteria* 23.0[0.7-3.9]
15-42 yrs

*Defined in reference 7

**Pathological regurgitation as per WHO. Morphological criteria outlined in reference 13

those used in children. A similar prevalence of 18.6:1000
(10.3-30.6:1000 95% CI) was demonstrated in urban and
suburban Chinese adults aged 18-74. Extrapolation using
census data suggests that up to 2 million Chinese adults may
have RHD [54]. Finally the high prevalence of RHD in
adults living in endemic countries has been confirmed in a
study examining women aged 15-42 years in antenatal
facilities in Eritrea where a prevalence of 23:1000 (95%
CI 0.7-3.9) was found [53¢]. These data show a higher than
predicted subclinical load in asymptomatic and pregnant
adults who may need to be prioritized in future studies of
the burden of RHD in endemic countries.

New Developments

Although the cost of portable machines is appreciably less
than conventional echocardiograms machines, they are still
prohibitively expensive for the health systems of endemic
countries. The advent of hand-held echocardiogram machines
ushers in a new possibility for their use in screening programs,
amongst other point of care services. The WHF criteria require
an accurate assessment of Doppler gradients which currently
these machines are not able to provide. Thus, the incorpora-
tion of Doppler capability in hand-held devices is required to
make them useful in screening for RHD.

Although the echocardiograms in the many of screening
programs were performed by cardiologists, several
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employed either medical students or technologists to per-
form echocardiograms [2¢e, 8]. A training module for nurses
to perform RHD-screening echocardiograms in resource-
poor settings was piloted in Fiji [55] and found that nurses
performed well in assessing mitral regurgitation by portable
echocardiography. The WHF criteria will provide a refer-
ence for further training for nurses or community health
workers, of particular relevance in resource-limited settings.

Much of the recent work has focused on population-
based prevalence studies of RHD. A recent study provided
much needed incident data [56e¢]. The Heart of Soweto
study reported on the incidence and clinical characteristics
of newly diagnosed RHD in adults aged 30-55 years from
an urban African community and found an estimated inci-
dence of 23.5 cases/100,000 per annum. These patients were
moderate to severely affected with 17% having systolic
dysfunction (EF< 45%), a further 18% with pulmonary
hypertension as evidenced by elevated right-sided pressure,
and 22% of this cohort requiring valve surgery within 1
year. A further 26% were admitted for initial diagnosis of
suspected bacterial endocarditis within 30 months.

It has previously been reported that RHD follows a malig-
nant course in Africa and India [57]. Oli et al. report a mean
age of death in his patients of 25.89 years (SD 11.05) with the
median age for males being only 19 years (IQ 16-32). A
particularly disturbing late diagnosis of RHD is that made
perinatally. Almost 50% mortality was noted in group of
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women with mitral stenosis in Senegal, with an overall ma-
ternal mortality of 34% in pregnant patients with RHD [58].

It is these reports and others [59—62] detailing the severe
outcomes and patterns of valvulopathies associated with RHD
that have stimulated renewed efforts to delineate the contem-
porary clinical epidemiology and outcome of the RHD. This is
the aim of the Global Rheumatic Heart Disease Registry
(REMEDY), which is a project arising from the Awareness,
Surveillance, Advocacy and Prevention (A.S.A.P) program
instituted by the Pan-African Society of Cardiology
(PASCAR) [63, 64]. The REMEDY study aims to provide
comprehensive and contemporary clinical features and out-
come of patients with RHD and will help in the development
of strategies to prevent and manage RHD and its
complications.

Conclusion

There is clear evidence that the burden of RHD is high in
developing countries and indigenous communities in some
industrialized countries. RHD has an early latent course which
is characterized by normalization in 30%—-40% of individuals,
which makes it mandatory to confirm the presence of subclin-
ical disease after a period 612 months before considering the
use of interventions such as antibiotic prophylaxis. Portable
echocardiography is a promising screening test with a high
sensitivity for the detection of early forms of the disease.
However, it is not known whether the treatment of asymp-
tomatic subclinical RHD with antibiotic prophylaxis improves
the prognosis of the disease. Studies are needed to assess the
impact of screening of RHD on prognosis before consider-
ation for incorporation in public health programs for the
prevention and control of the disease.
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