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ABSTRACT

Objective Rheumatic heart disease (RHD) remains a
major health problem in many low-income and middle-
income countries. The use of echocardiographic imaging
suggests that subclinical disease is far more widespread
than previously appreciated, but little is known as to how
these mild forms of RHD progress. We have determined
the prevalence of subclinical RHD in a large group of
schoolchildren in Aswan, Egypt and have evaluated its
subsequent progression.

Methods Echocardiographic screening was performed on
3062 randomly selected schoolchildren, aged 5-15 years,
in Aswan, Egypt. Follow-up of children with a definite

or borderline diagnosis of RHD was carried out 48—60
months later to determine how the valvular abnormalities
altered and to evaluate the factors influencing progression.
Results Sixty children were initially diagnosed with
definite RHD (19.6 per 1000 children) and 35 with
borderline disease (11.4 per 1000); most had mitral valve
disease. Of the 72 children followed up progression was
documented in 14 children (19.4%) and regression in 30
(41.7%) children. Boys had lower rates of progression
while older children had lower rates of regression.
Functional defects of the valve even in the presence of
structural features were associated with lower rates of
progression and higher rates of regression than structural
changes.

Conclusions RHD has a high prevalence in Egypt.
Although a high proportion of the abnormalities originally
detected persisted at follow-up, both progression and
regression of valve lesions were demonstrated.

INTRODUCTION

Rheumatic heart disease (RHD) remains a
major health problem in many low-income
and middle-income countries."™ While it is
estimated that 33 million people suffer from
RHD worldwide,” this is likely to be an under-
estimate due to the presence of undiagnosed
RHD,’ and the paucity of systematic screening
studies in high-risk areas. Transthoracic
echocardiography is a sensitive and specific
screening tool which enhances the detection
rate of RHD by a factor of up to tenfold.”
Studies based on echocardiography have
reported prevalence rates of RHD which
vary widely, from 15 per 1000 in Northern

KEY QUESTIONS

What is already known about this subject?
The true prevalence of rheumatic heart disease (RHD)
is underestimated in surveys due to the presence of
mild forms of the disease which can only be detected
by targeted echocardiography using standardised
diagnostic criteria. Little is known as to how these
subclinical lesions progress.

What does this study add?

This study provides an up to date estimate of the
prevalence of RHD in a large group of schoolchildren in
Aswan using current diagnostic criteria. It also provides
information as to how the echocardiographic findings
change over a 48-60 month period.

How might this impact on clinical practice?
These data on the prevalence and outcome of
subclinical RHD provide important information for the
planning of cardiology services, highlight the need
for RHD registers and the initiation of a multisectoral
and integrated national RHD programme to achieve
secondary prevention with penicillin prophylaxis.

Australia* ' to 48 per 1000 in Nicaragua.''

However, differences in the diagnostic criteria
and interpretation of the images used greatly
affect the reported prevalence rates'” and
have led to the development of standardised
World Heart Federation (WHF) criteria for
the interpretation of echocardiograms. These
have been widely adopted and are currently
regarded as the gold standard.® A still largely
unanswered question, however, is the extent
to which subclinical lesions detected by echo-
cardiography are important in predicting
significant cardiac disease.*® "

Because there are no data on the preva-
lence of RHD in Egypt using the current WHF
criteria, we have determined its prevalence in
a large group of schoolchildren in Aswan. We
have also evaluated how the subclinical find-
ings detected by echocardiography progress
during the subsequent 4-5 years.
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Figure 1

METHODS

Study population and sample selection

The Governorate of Aswan consists of seven geograph-
ical areas (figure 1) comprising a population of 1 431 488
people. An age-stratified random sample of children was
selected from the schools within these areas with the aim
of screening a minimum of 3000 subjects, about 6% of all
children in Aswan. Because the schools admitted children
in three different age groups (5, 6-12 and 13-15years),
the sample size within each school was weighted in
proportion to the number of children in each age group
and the size of each survey area such that each child
had the same probability of being selected. The initial
screening was started in September 2009 with follow-up
visits at intervals of 6 months. The analysis includes data
up to the last follow-up carried out in September 2014.

Examination protocol

The children were asked about their medical history and
cardiac auscultation was carried out with the patient in
the supine and left lateral decubitus positions for the
detection of any heart murmur. Detailed transthoracic
echocardiography was performed with the use of a
hand-carried echocardiographic system (General Elec-
tric Vivid I, Milwaukee, Wisconsin, USA) with M-mode,
two-dimensional and Doppler (pulsed, continuous and
colour) imaging. The following views were obtained:
parasternal long-axis and short-axis views at the level of
the papillary muscles and the aortic valve (AV), apical
two-chamber, four-chamber and five-chamber views and
subcostal views. Particular attention was paid to valve
morphology on cross-sectional, two-dimensional imaging
and function assessed by colour flow Doppler imaging.
The apical imaging included anterior angulation to
evaluate the left ventricular outflow tract and the AV.

Location of Aswan, Egypt, and the city’s seven geographical areas.

Transvalvular flow was assessed by measuring the peak
velocity with continuous wave Doppler imaging. All exam-
inations were performed by a physician researcher (SK)
trained in echocardiography and reviewed by two senior
cardiologists unaware of the initial diagnosis. Echocardi-
ograms were evaluated based on the WHF criteria which
define criteria for the diagnosis of ‘definite’ and ‘border-
line’” RHD.® Where there was discordance between the
original diagnosis and diagnosis following review, subjects
were invited to the Aswan Heart Centre (AHC) for repeat
echocardiograms and the final categorisation of RHD
status was based on the consensus between the two senior
cardiologists and the researcher.

All definite and borderline cases were asked to partic-
ipate in the follow-up examinations. In addition, a
control for each case was selected and matched for age
(+lyear) and gender from the echocardiographically
normal group. Follow-up echocardiograms were carried
out using the same criteria and procedures as the initial
study. Progression of valvular lesions was defined as devel-
opment of a new structural or functional abnormality or
progression of severity of a functional valve lesion (regur-
gitation/stenosis) based on the American Heart Asso-
ciation/ American College of Cardiology (AHA/ACC)
valvular heart disease criteria for severity. Regression of
valvular lesions was defined as disappearance of a struc-
tural or functional abnormality or decrease of severity of
a functional valve lesion (regurgitation/stenosis) based
on the same criteria as progression.

The factors analysed for their influence on the
clinical outcome of subclinical RHD included age,
gender, compliance with penicillin prophylaxis, type of
pathology found at the baseline examination, presence
of functional or structural defects, presence or absence
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of MR and time interval between the examinations.
Prophylaxis compliance was assessed by reviewing the
medical records reporting dates of administration of
the injections.

Ethics

The research project was approved by the appropriate
authorities at the Governorate of Aswan and the Egyptian
Ministry of Health and Education, as representatives of
the population and education system. The local author-
ities and school personnel were given written and oral
detailed information and were notified about the results
of the tests and eventual need of any further treatment
or follow-up. Children with cardiac disease were offered
free treatment and the recommendation for initiation of
the penicillin prophylaxis, follow-up and surgery if indi-
cated at the AHC. Because the history of rheumatic fever
was unknown and we could not, being in an endemic/
highrisk area, exclude previous episodes, all definite and
borderline cases were started on prophylactic penicillin
as secondary prophylaxis has been documented to reduce
significantly the risk of recurrent attacks and morbidity
and mortality related to the condition.

Statistical analysis

Based on a prevalence of RHD of between 2.5% and 3.0%
as determined by previous echocardiographic studies of
schoolchildren,™ "' we estimated that a sample size of a
minimum of 3000 children would enable us to estimate
the prevalence with a SE of approximately 0.3%.

Data were analysed using Statistical Package for Social
Sciences, V.16 (SPSS 16). Descriptive data are presented
as number (n) and per cent (%) and mean+SD; sample
means were compared with an independent-sample
Student’s t-test. Bivariate analysis of outcome measures
was undertaken comparing all cases with controls. Fish-
er’s exact test was used where the sample sizes were small.
A P value <0.05 was taken to indicate statistical signifi-
cance and all tests were two-sided.

RESULTS

The mean age of the 3062 children was 10.0 years
(SD +£2.6, range 5-15 years), with a slight male predom-
inance (58.7%, n=1796). None of the children were
known to have cardiac disease and none were taking
penicillin prophylaxis. Of the 63 children originally
classified as showing definite disease by the researcher
58 were confirmed on review as were 23 of the 26 chil-
dren with borderline disease. Among the 2967 normal
studies, 7 were considered to be borderline on review.
Following re-evaluation of the discordant cases, a
total of 95 children were considered to have RHD
(31.0 per 1000 children). Sixty had definite RHD (19.6
casesper1000children) andafurther35borderlinedisease
(11.4 cases per 1000). Among the 60 cases of definite
disease, 57 had mitral valve (MV) disease, 2 had disease
of the AV and 1 child had borderline disease of both the
AV and MV. Of the 35 children with borderline disease,

12 had two or more morphological features of mitral
disease, 22 had mitral and 1 had aortic regurgitation.

Five (7.1%) of the 60 children diagnosed with definite
RHD by echocardiography had a pansystolic murmur on
auscultation while 2 of the 3002 echocardiographically
normal children had murmurs—giving a sensitivity for
auscultation of 8.3%, a specificity of 99% and positive
predictive value of 71%. Three children had congenital
heart disease (prevalence 1 per 1000), with one case each
of patent ductus arteriosus, partial atrioventricular canal
and congenitally corrected transposition of the great
arteries.

Of the 95 children diagnosed with borderline or defi-
nite RHD, 72 (75.8%) were followed up an average of
42.1 (SD %12.9, range 18-60) months after the original
survey. This group comprised 46 children with an orig-
inal diagnosis of definite RHD and 26 with borderline
RHD. There were 38 boys and 34 girls with a mean age
of 14.1 (SD #2.63) years. The majority of the children
were compliant with the penicillin prophylaxis (n=60,
83.3%). The remaining children diagnosed at the time
of the screening refused follow-up. Controls who had no
pathology on the baseline echocardiogram consisted of
59 boys and 21 girls with a mean age of 15.74 (SD +2.34)
years, followed up a mean of 49.7 (SD +4.15, range 18-60)
months after the initial screening.

Of the 46 definite cases, 9 had regressed such that there
was no evidence of disease, 4 had become borderline and
33 continued to have definite disease. Ten of the border-
line cases had become normal, 10 were unchanged and 6
had progressed to develop definite RHD. Among the 80
controls, none developed evidence of RHD according to
the WHF classification.

Table 1 shows the detailed nature of the changes in
echocardiographic appearance within each of the diag-
nostic groups based on the actual change of severity of
the lesions, regardless whether the change lead to an
alteration in the WHF grading of disease. Among the 46
definite cases, 18 were unchanged and 8 showed evidence
of disease progression as evidenced by an increase in
functional severity. Among the 20 who had regressed, 9
were completely disease-free on follow-up and of the 11
who continued to have some evidence of RHD, 9 showed
a reduction in functional severity and 2 an improvement
in the structural changes. Among the six borderline cases
that had progressed, four had evidence of increased
functional severity and two showed increased structural
changes. Of the 10 who regressed, 7 showed evidence of
reduced functional severity and 3 had regression of struc-
tural changes. In the control group, valvular thickening
appeared in seven children.

Further analyses were carried out to assess the factors
related to progression or regression of the echocardio-
graphic changes. Among the 14 children who progressed,
boys tended to have a lower rate of progression than girls,
5 (13%) of 38 boys versus 9 (26%) of 34 girls. There was
strong evidence of lower rates of regression of valve lesions
in the older children (regression was seen in 23 (77%) of

Kotit S, et al. Open Heart 2017;4:6000702. doi:10.1136/0penhrt-2017-000702

3



Open Heart 8

Table 1

Functional and structural changes underlying the progression or regression of the cardiac abnormalities in the

children with definite or borderline disease at initial screening compared with the control group

Initial RHD category

Follow-up status

Definite (n=46)

Borderline (n=26) Control (n=80)

Unchanged 18 (39.1%) 10 (38.5%) 73 (91.2%)
Progression 8 (17.4%) 6 (23.1%) 7 (8.8%)
Increase in functional severity 8 4 0
Appearance of structural changes 0 2 7
Regression 20 (43.5%) 10 (38.5%)
Resolution of functional and structural abnormalities 0
Reduction in functional severity 7
Regression of structural changes 2 3

RHD, rheumatic heart disease.

30 children studied at the age of 10-15 years compared
with only 7 (23%) of 30 in the age group 16-19 years,
P<0.001). This was not related to initial severity of the
lesion, as all lesions seen in this study were mild and had
similar severity at the initial screening. The follow-up
time was not significantly correlated to progression or
regression of disease. High rates of compliance with peni-
cillin prophylaxis were achieved (83% of definite and
85% of borderline cases), and although there was a trend
towards lower progression in compliant compared with
non-compliant subjects, 14 (23%) of 60 children versus 6
(50%) of 12 children, this was not statistically significant.

An additional finding was that children with functional
defects of the valve tended to show higher rates of regres-
sion than the children with structural changes. The 72
cases of borderline or definite RHD were stratified into
two subgroups based on the presence or the absence of
MR based on the WHF criteria and compared in relation
to progression of valve lesions. Of the 57 cases with MR,
9 (16%) had progression of their disease (of which 2
progressed sufficiently to be categorised as having defi-
nite RHD) compared with 5 (33%) out of 15 cases who
did not have MR (and whose valvular abnormalities were
structural). However, this was not statistically significant
(P=0.086).

DISCUSSION

This study demonstrates a high prevalence of subclinical
RHD in schoolchildren in Aswan. The overall prevalence
of 31 cases per 1000 children is high. Itis comparable with
similar studies of urban/periurban schoolchildren in
Jimma, Ethiopia and Lilongwe, Malawi (31 per 1000 and
34 per 1000, respectively)'” ' and higher than that found
in children in Cape Town, South Africa and Kampala,
Uganda (20 and 15 cases per 1000, respectively).'*'” The
ratio of definite to borderline disease was also higher (1.7)
than that observed in these other studies which ranged
from 0.3 in South Africa to 1.5 in Ethiopia suggesting a
more aggressive pattern of disease. The prevalence rates
using the current WHF criteria give estimates which are

much higher than previously reported data from Egypt
based on clinical examination (0.7/1000) or older echo-
cardiographic studies (6.2/1000)."* The high rates are
supported by the very high prevalence of clinical disease,
where at the newly established Aswan Heart Centre it
represents 50% of the medical and 20% of the surgical
workload.

The study was based on the screening of a large number
of children who were carefully selected to be representa-
tive of the school-age population of Aswan. Although the
use of school children may underestimate prevalence due
to non-attendance,” this is unlikely to have biased the
current study as school attendance is known to be high
in Aswan (approximately 96%). The echocardiographic
diagnosis of RHD was revised by two experienced cardi-
ologists and categorised according to the current WHF
criteria. The value of this technique in detecting subclin-
ical disease is underlined by the very low (7%) sensitivity
of clinical auscultation. An important and novel aspect is
the follow-up which was carried out a mean of 42 months
after the original study. Although a follow-up rate of 76%
was achieved, it is possible that the non-responding chil-
dren could have had a more adverse progression of their
RHD as they were less likely to have been compliant with
the penicillin prophylaxis. However, when contacted, the
parents of these children refused follow-up, stating that
their children were healthy and had no signs of disease.
Most of the children successfully followed up were on
penicillin  prophylaxis and although there was some
evidence that compliance reduced the rate of progres-
sion, we did not have sufficient statistical power in the
study to evaluate the effectiveness of secondary prophy-
laxis. The small numbers also limited our ability to do
multivariate analyses of the factors which were linked
with disease progression or allow for the influence of
confounders.

Our findings do, however, suggest that there is consid-
erable change in the echocardiographic appearances
over this time with evidence of both regression and
progression of the cardiac abnormalities. The majority

4
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of the children originally diagnosed as having defi-
nite disease remained unchanged; of the rest approx-
imately equal numbers showed evidence of regression
or progression. Findings shown in figure 1 were similar
for the group diagnosed with borderline disease. While
some of this could be attributed to observer variation
in the echocardiographic diagnosis of RHD or with-
in-patient alterations in cardiac physiology, the high
level of agreement between the screening diagnosis
and diagnosis following expert review suggests that
this cannot explain the changes observed during the
follow-up study. It is more consistent with the waxing
and waning of the inflammatory changes underlying
RHD which is a known feature of many autoimmune
diseases.

There have been few studies examining the progres-
sion of subclinical RHD detected in echocardiographic
studies and comparison is difficult because of the
different disease categorisations and follow-up inter-
vals. Our conclusion, which are limited by the rela-
tively small numbers, accord with studies carried out
in Australian Aborigines'® and in Africa' '® which all
suggest that both progression and regression of valve
lesions are a feature of RHD. Among 55 Aborigines
with borderline disease, 13 (23%) progressed to defi-
nite disease after an interval of between 2.5 and 5
years."” Findings were similar in the 2-year follow-up
of Ugandan schoolchildren were among the 43 cases
followed up, 18 improved and 4 worsened,'* and in the
South African study of 44 borderline and definite cases
of RHD followed up at 5-yr showed that 21 had become
normal, 2 were improved, 14 were unchanged and 7
progressed from borderline to definite disease.'® These
studies also reported that progression was related to
affection of the MV rather than the AV and suggest
that both functional and morphological changes of the
MV are important in detecting those at greatest risk
of progression of RHD." Our study suggests the possi-
bility that functional affection and the absence of struc-
tural pathology is a good prognostic sign for regression.
We also found that disease regression was less likely to
occur in older children.

Importantly, this study serves to outline the importance
of RHD as a major public health issue which needs to
be addressed initially by establishing prospective RHD
registers and multisectoral and integrated national
RHD control programme. These should ensure proper
screening for signs of RHD, developing appropriate
expertise in the diagnosis of ARF and RHD, implemen-
tation of secondary prevention and ensuring adequate
penicillin  prophylaxis. Finally, stimulating efforts to
evolve effective primary prevention methods such as
vaccines remains a priority.
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